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Factors that contribute to overcoming decision-making biases in later life pose an
important investigational question given the increasing older adult population. Limited
empirical evidence exists and the literature remains equivocal of whether increasing age
is associated with elevated susceptibility to decision-making biases such as framing
effects. Research into the individual differences contributing to decision-making ability
may offer better understanding of the influence of age in decision-making ability.
Changes in cognition underlying decision-making have been shown with increased age
and may contribute to individual variability in decision-making abilities. This study had
three aims; (1) to understand the influence of age on susceptibility to decision-making
biases as measured by framing effects across a large, continuous age range; (2) to
examine influence of cognitive abilities that change with age; and (3) to understand
the influence of individual factors such as gender and education on susceptibility to
framing effects. 200 individuals (28–79 years of age) were tested on a large battery
of cognitive measures in the domains of executive function, memory and complex
attention. Findings from this study demonstrated that cognitive abilities such as strategic
control and delayed memory better predicted susceptibility to framing biases than age.
The current findings demonstrate that age may not be as influential a factor in decision-
making as cognitive ability and cognitive reserve. These findings motivate future studies
to better characterize cognitive ability to determine decision-making susceptibilities in
aging populations.
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INTRODUCTION

In our society, older adults continue to face many complex decisions regarding financial
investments and retirement choices. Decisions made by older adults will predictably influence the
economic resources of our world, given they represent a large proportion of not only our nation
but the world’s population (Vaupel, 2010). Research across the adult lifespan has suggested age-
related changes are shown in decision-making abilities (Denburg et al., 2005; Weller et al., 2011).
Moreover, the American Association of Retired Persons reports on the increased vulnerability of
older adults to financial scams, making them a target of financial abuse (Kirchheimer, 2011). Taken
together, understanding changes that occur with age in the ability to make “reasoned” decisions
related to allocation of financial resources is of public health and national policy concern.
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One of the most important elements underlying commonly
occurring decisions is the element of risk, particularly in
monetary-based decisions. To investigate risk in decision-
making, this study utilized a risky-choice financial framing
task. Risky-choice framing paradigms present individuals with
decisions in terms of sure options versus gamble options
involving risk. The method by which the sure options are framed
can create framing effects, namely, the propensity of individuals
to engage in risky behavior (Takemura, 1993). Framing effects are
a common heuristic bias which arise when the context of decision
options influence or change the choices people make, whether
being presented as a gain or a loss (Tversky and Kahneman, 1981;
Kahneman and Tversky, 1990).

Research examining the influence of aging on framing effects
has found mixed results with findings ranging from older
adults performing better, worse, or similarly when compared to
young adults. Given the inconsistencies of age-related differences
in decision-making behavior, researchers have increasingly
theorized that cognitive factors may predict framing effects
in older adults, perhaps better than age alone. The present
study examined three primary issues. First, the influence of
age on decision-making performance on a monetary-based
framing paradigm across a broad age range (28–79 years) of
cognitively normal adults. Second, this study assessed how age
influences cognitive processes that may be involved in decision-
making. Third, we investigated the effects of individual factors
such as cognition, education, and gender on monetary-based
choices.

Research has shown that the influence of age on susceptibility
to framing biases is inconsistent (Loke and Tan, 1992; Kim et al.,
2005; Mikels and Reed, 2009; Strough et al., 2011). Indeed, studies
that show age to be a factor in predicting framing effects have
qualified the results, suggesting age effects on decision-making
are mediated by cognitive ability (Mata et al., 2007, 2011; Mata
and Nunes, 2010; Thomas and Millar, 2011; Del Missier et al.,
2012). To date, only a handful of researchers have empirically
assessed the possible connections between cognitive abilities and
age differences in decision-making as measured framing effects
(Finucane et al., 2005; Del Missier et al., 2010; De Bruin et al.,
2012; Li et al., 2013; Pu et al., 2017).

Research that has looked at cognitive ability in relation
to framing effects have found higher cognitive performance
on measures of reasoning, inhibition, verbal intelligence and
memory are associated with reduced framing effects in older
adults (De Bruin et al., 2007, 2012; Cokely and Kelley, 2009;
Del Missier et al., 2012). Another study found that complex
attention significantly predicted framing effects in younger
adults (18–22 years old) (Kuo et al., 2009). It is unclear
whether complex attention remains a factor in predicting framing
effects with increasing age. With regard to memory, Whitney
et al. (2008) demonstrated that increased memory capacity
predicted increased ability to overcome framing biases in adults
(18–24 years old). Studies that examined cognition in relation to
framing effects in both younger and older adults found better
cognitive abilities in inhibition, reasoning and verbal intelligence
to relate to overcoming framing biases (Del Missier et al., 2010;
De Bruin et al., 2012; Li et al., 2013). Such evidence is beginning to

suggest that some cognitive abilities can influence susceptibility
toward framing biases across adulthood.

One important factor to take into account in decision-making
is the cognitive decline that has been reported with increased
age (Andrews-Hanna et al., 2007; Salthouse, 2009). Indeed, a
number of cognitive aging studies have documented normal age-
related deleterious effects on cognition, starting to emerge around
40 years of age (Salthouse and Babcock, 1991; Salthouse, 1992,
1996, 2009; Levy, 1994; Craik, 2000; Park et al., 2002; Li et al.,
2004; Worthy et al., 2011). The key domain of this age-related
decline tends to affect performance on measures of executive
function, defined as cognitive processes that direct and control
behavior (Miller and Cohen, 2001). Declines in the cognitive
ability of older adults raise the concern that older adults may not
maintain capacity to make optimal decisions in everyday life.

One limitation in the existing evidence on the influence of
age on framing effects is that few studies have examined framing
effects across contiguous age cohorts (Strough et al., 2011).
Instead, the majority of studies have investigated the influence
of framing biases on decision-making by comparing groups
of older adults to groups of younger adults (i.e., college aged
students) with a gap excluding middle-aged adults (Mayhorn
et al., 2002; McArdle et al., 2002; Kovalchik et al., 2005; Rönnlund
et al., 2005). Declines in decision-making reportedly become
apparent starting in the fifth decade of life (or middle-age) and
worsen in older adulthood, as reflected in real-life measures
such as suboptimal credit use (Agarwal et al., 2009). At this
mid to late life stage, insidious losses in cognitive abilities,
such as executive functions of fluency and working memory in
addition to processing speed, emerge and continue to decline
with advancing age (Salthouse, 2009). Another limitation of
current evidence is the limited range of measures adapted to
examine the effects of cognitive capacity in relation to framing
effects generally. Specifically, research has addressed the influence
of cognitive abilities on framing effects in a narrow focus of
cognitive domains.

In sum, this work expands on prior evidence in three
major ways providing the following hypotheses. First, this
study investigated framing effects across a continuous five-
decade adult age span. We hypothesized that age would be
negatively associated with framing effects based on prior evidence
suggesting older individuals would tend to be more risk-averse
when facing both gains and losses than younger adults, thus
older adults will show fewer framing effects (Mikels and Reed,
2009; Best and Charness, 2015). Second, this study measured
age effects on our cognitive measures to confirm prior evidence
implicating generalized age-related declines on measures of
executive function, memory and complex attention in order
to verify whether the previously established age-related pattern
of cognitive loss was also identified in a group that was well-
screened as being cognitively normal. We hypothesized that
age-related cognitive declines would be manifested across the
cognitive measures based on extant evidence suggesting normal
age losses on measures of executive function, memory and
complex attention as well as slower reaction times in most
cognitive tests (Park et al., 2002; Salthouse, 2009; Schaie and
Willis, 2010). Third, this study uniquely examined a wide array
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of cognitive abilities of executive function, memory and complex
attention as well as individual factors such as education and
gender to understand their relationship to framing effects in
a large adult population. We hypothesized that gender may
influence framing effects, especially in a financial framing
paradigm, based on previous evidence that women are more risk-
averse in financial decision-making than men (Levin et al., 1988;
Johnson and Powell, 1994; Powell and Ansic, 1997; Austad, 2006).

MATERIALS AND METHODS

Participants
Two hundred adults, between the ages of 28–79, were
recruited from the Dallas–Fort Worth area to participate in
a decision-making study. All participants provided written
informed consent in accordance with guidelines provided by
The University of Texas at Dallas Institutional Review Board
and the Declaration of Helsinki. Participants were all native
speakers of English with a minimum of high school education.
Exclusion was not based on gender or race although 95.91% of
our sample was Caucasian. Our study screened and excluded
participants with cognitive and medical problems, such as
complaints of poor memory, stroke, major psychiatric illness,
uncorrected hearing/vision problems, and chronic medical
conditions. Screening was rigorous given the study goals
of investigating decision-making behavior in a cognitively
normal adult population. Screening measures were employed to
determine basic cognitive skills using the Montreal Cognitive
Assessment (MoCA) to estimate general cognitive abilities as
well as the Beck Depression Inventory-II (BDI-II) to exclude
for depression and a medical history form to screen for chronic
conditions and difficulties completing daily activities (Beck et al.,
1996; Nasreddine et al., 2005). Only those who received a score
of 25 or higher out of 30 on the MoCA and a score of 13
or lower on the BDI (suggesting fewer endorsed depression
symptoms) were included in the study. Among the age groups,
47 participants were between the ages of 28–44 representing
our younger adults group, 112 participants were between the
ages of 45–65 representing our middle-aged adult group, and
46 participants were between the ages of 66–79 representing our
older adult group. Demographic characteristics of the sample of
participants are shown in Table 1.

Measures
Participants completed approximately three hours of cognitive
testing scheduled at a convenient time for their schedule. Testing

TABLE 1 | Demographic and test measures.

Measure Mean (SD) Range

Age 55.97 (+/−11.92) 28–79

Gender 108 Male

Education 17.01 (+/−2.26) 12–31

BDI-II 3.83 (+/−3.72) 0–13

Cognitive reflection test 1.19 (+/−1.09) 0–3

was conducted by researchers at the Center for BrainHealth,
The University of Texas at Dallas in a private testing room
and breaks were given during the testing session as needed
by the participant. After the in-person screening which took
approximately 10 min, participants began with cognitive testing if
their screening scores passed the threshold mentioned previously.
Cognitive testing included the following measures of executive
function, memory, and complex attention. Descriptions of these
measures are delineated in Table 2.

Framing Task
In the financial-based risky-choice framing paradigm,
participants are presented with an initial endowment of
money and then asked to choose between taking a sure portion
(presented as either a gain or loss) of the money or choosing
to gamble to either win or lose the entire initial amount (as
illustrated in Figure 1). Participants received a virtual financial
endowment at the beginning of each frame ranging from $25 to
$100 in increments of $25 to allow for assessment of framing
bias in both small and large dollar amounts. They were then
asked to choose between a sure option (framed as either a gain
or loss) versus a gamble option. For trials framed as a gain, sure
options were presented as an option to “keep” a portion of the
initial allotment of money (e.g., “Keep $20” of $50). Loss trials
were presented as a sure option to “lose” a portion of the initial
allotment of money (e.g., “Lose $30” of $50). The alternative
option was to gamble – to either keep or lose the entire initial
endowment.

The probability of keeping or losing the entire amount in
the gamble was represented on screen as a pie chart. These
probabilities in the pie chart ranged from 20 to 80% in increments
of 20%. Green portions of the pie chart represent the chance of
winning and red represent the chance of losing. Options for each
trial were presented simultaneously on the computer screen with
the sure option on the left and the gamble option on the right.
In each decision to be made, the percentage chance of the gamble
was identical to the percentage of the initial endowment kept/lost
in the sure option (e.g., a guaranteed $20 of $50 was paired with
a 40% chance of keeping $50). All gain trials were equivalent to
the loss trials in everything but the frame in which they were
presented; for every gain trial (e.g., surely keeping $20 of $50 vs. a
40% chance of keeping the endowed $50) there was an equal but
opposite loss trial (e.g., surely losing $30 of $50 vs. a 60% chance
of losing the endowed $50). Susceptibility to framing was derived
from a score calculated by subtracting the number of choices
made with-frame (sure choices in the gain frames and gamble
choices in the loss frames) from the number of choices that went
against-frame (sure choices in the loss frames and gamble choices
in the gain frames) for each paired trial and adding these values
across all matched frames.

In accordance with the design developed by De Martino
et al. (2006), “catch” trials were included in the task to assure
that participants were engaged and understood the task. “Catch”
trials were trials presented in an unbalanced design where
gamble options were presented as a 95% chance of winning or
losing the entire initial endowment alongside a sure option of
keeping/losing 50% of the initial endowment. This ensured that
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TABLE 2 | Measurements of cognition.

Cognitive domain Cognitive ability Measures Time to complete Description

Executive function Abstraction Similarities subtest (WAIS-III) (Wechsler,
1997)

10 min Participants are asked to create meaningful
similarities between pairs of words

Verbal fluency COWA (Schum et al., 1989) 5 min Name as many words that begin with a given
letter within one minute.

Inhibition Delis–Kaplan executive function system
color word interference test

5 min Read color blocks, read words denoting colors,
read words printed in colors not associated
with the printed word to measure both
processing speed and inhibition

DKEFS sorting Delis–Kaplan executive function system
sorting test (Shunk et al., 2006)

20 min Sort two sets of cards as many ways as
possible, recognize the sort the tester provides
with the same card sets. Measures verbal and
nonverbal executive function

Strategic control Strategic Learning Task (Hanten et al.,
2004)

15 min Participants are asked to recall words from a list
presented to them. Words are given high and
low point values. Participants points by
remembering words.

Memory Immediate and delayed
memory

Logical memory subtest I and II
(WMS-III) (Wechsler, 1997)

10 min Participants are asked to recall details of two
short stories once immediately after hearing the
stories and again after a 25 minute delay

Working memory Digit backward (WASI-III) (Wechsler,
1999)

10 min Orally recall number strings read aloud in
backward order

Complex attention Processing speed Trails A (Reitan, 1958) 5 min Connect a set of numbers in ascending
sequence as quickly as possible

Switching Trails B (Reitan, 1958) 5 min Connect a set of altering numbers and letters in
ascending sequence as quickly as possible.

Attention Digit forward (WASI-III) (Wechsler, 1999) 10 min Orally recall a string of numbers read aloud in
the same order

participants had a clear indication of the best (most optimal)
option to choose, namely the sure option when the gamble pie
chart showed a 95% chance of losing the whole initial amount
and the gamble option when the gamble pie chart showed a 95%
chance of winning back the whole initial amount. “Participants
who chose correctly on more than 80% of “catch” trials were
assumed to be attending to and understanding the task. The data
of participants were excluded if they chose incorrectly on more
than 20% of “catch” trials. Excluded participants comprised less
than 8% (15 out of 211 participants) of all participants tested.

Cognitive Testing
Cognitive performance was measured on a wide array of tests,
which were selected specifically to assess abilities of executive
function, memory and complex attention. Cognitive measures
such as abstraction, fluency, inhibition, reasoning, strategic
control, immediate and delayed memory, working memory,
processing speed, switching, and attention were postulated to
influence framing effects in adults. Table 2 provides a definition
of each test used in the battery as well as the cognitive abilities
each test measures.

Analyses
Four conditions were created to understand participant
responses in relation to framing manipulations. The conditions
encompassed: (1) when participants chose the sure option
when sure choices were framed as gains (gain sure), (2) the
gamble option when sure choices were framed as gains (gain

FIGURE 1 | Financial risky-choice framing paradigm. The decision-making
task used in this study was adapted from De Martino et al. (2006) by using
American dollar amounts instead of representing monetary values in euros.
Participants were required to choose between keeping/losing a portion of the
initial endowment of each trial or choosing to gamble on the initial endowment
to either win or lose the entire amount, with the probability of winning
represented by the pie chart on the right. The two options are balanced in that
the amount offered in the sure option is the same as the odds represented in
the gambling option. The sure choice was either presented as an option to
“keep” or “lose” a portion of the initial endowment. All “keep” trials had equal
but opposing “lose” trials.

gamble), (3) the sure choice when sure choices were framed
as losses (loss sure), and (4) the gamble option when sure
choices were framed as losses. Risk-averse choices were defined
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as participants choosing the sure option in either the gain or
loss frame. Risk-seeking choices were defined as participants
choosing to gamble in either the gain or loss frame. Drawing
upon prospect theory (Kahneman and Tversky, 1979), we
categorized participant responses as either with-frame (defined
as choosing sure options in the gain frame and gamble options
in the loss frame) or against-frame (defined as choosing gamble
options in the gain frame and sure options in the loss frame).
It should be noted that with-frame and against-frame choices
can be either risk-averse or risk-seeking. Framing effects were
calculated as with-frame choices minus against-frame choices
and reverse framing effects were calculated as against-frame
minus with-frame choices.

Behavioral data were analyzed using the R statistic software.
The mean RTs for the framing data were calculated for each
frame by choice condition (i.e., Gain Sure, Gain Gamble, Loss
Sure, and Loss Gamble). The main effect of frame was calculated
by subtracting against-frame choices from with-frame choices.
The calculated framing effect was then used as the dependent
variable in a regression to understand the influence of age and
cognition on framing effects. Additionally, risk-averse choices
as well as risk-seeking choices were also used as dependent
variables, each in their own model, to understand the influence
of age and cognition on separate components of framing
effects. We used general linear models (GLMs) using frame
(gain and loss) and endowment ($25, $50, $75, and $100) to
determine the effects of frame and endowment on participants’
choices (sure and gamble) in one GLM and reaction times
in another GLM. Additionally, separate GLMs were conducted
using each endowment and gambling probability category as
dependent variables to understand the impact age, cognition and
demographic variables had on each category.

A linear regression analyses was used to determine the effects
of frame by choice conditions on framing effects. Additionally, a
GLM was used to see if age, demographic variables and cognitive
variables influenced framing effects, risk-averse decision, and
risk-seeking decisions. Factors were first identified through step-
wise variable selection and assessed by the Bayesian Information
Criterion which are the factors reported on below. Interactions
among cognitive and individual variables were included in the
linear model. Additionally, age was also used as a covariate in
regression analyses of cognitive variables on framing.

RESULTS

When evaluating the group as a whole, this sample of adults
demonstrated significant framing effects during performance
on this monetary-based framing task. Specifically, frame (i.e.,
gain vs. loss) was a significant predictor of framing effects
[F(2,193 = 17.31, p < 0.001] such that participants were more
likely to choose a risky option when presented with a loss
and a sure option when presented with a gain (See Table 3).
Endowment categories significantly predicted framing effects
[F(4,193) = 22.57, p < 0.001] such that the lowest framing
effects were present at the $25 endowment and the highest
framing effects were present at the $50 endowment (See Figure 2)
without accounting for age. Thus, when faced with choices of $25,
individuals tended to select more consistent responses; whereas
on endowments of $50 adults tended to make different choices
(i.e., choosing the sure option in the gain frame and gamble
option in the loss frame) despite the fact that many options had
the same outcome. The percent chance of winning in the gamble
option also significantly predicted framing effects such that the
lowest framing effects were seen when the gamble option had
a 20% chance of winning and the highest framing effects were
seen when the gamble option had a 40% chance of winning
[F(4,189) = 41.69, p < 0.001] (See Figure 3). Like above, this
means that participants were more likely to choose the same
sure or gamble option regardless of frame when the percentage
chance to win the gamble was 20% and they were more likely
to choose differently when the percentage chance to win the
gamble was 40%. Reaction times of the framing task did not
significantly predict framing effects and did not significantly
differ between endowment types or percent chance of winning
in the gambling. Age, however, tended to predict reaction times.
Reaction times were slower with older adults, specifically in gain
frame choices and risk-seeking choices, although these results
were not statistically significant (See Table 3).

When looking at subcomponents of the framing paradigm,
such as endowment levels; some different patterns emerged on
percentage chance of winning in gambles, risk-averse versus
risk-seeking choices and with- versus against-frame choices.
When examining framing effects across endowment categories,
age significantly predicted greater framing effects in the $100
endowment category [t(1,100) = 2.56, p = 0.01] (See Figure 4).

TABLE 3 | Behavioral performance on framing paradigm.

Choice by frame Average percentage
of choices (SD)

Influence of age on choice Average reaction time
in seconds (SD)

Influence of age on reaction
time in seconds

Gain sure 29.79% (+/−10.89%) t(1,100) = 0.51, p = 0.60 8.43 (+/−1.40) t(1,100) = –1.79, p = 0.08

Gain gamble 20.21% (+/−10.89%) t(1,100) = −0.51, p = 0.60 7.20 (+/−5.95) t(1,100) = 1.89, p = 0.06

Loss sure 24.11% (+/−11.98%) t(1,100) = 0.51, p = 0.61 7.98 (+/−5.75) t(1,100) = 0.54, p = 0.58

Loss gamble 25.89% (+/−11.98%) t(1,100) = −0.51, p = 0.61 7.05 (+/−4.15) t(1,100) = 1.39, p = 0.16

Risk-averse 53.91% (+/−22.11%) t(1,100) = 0.53, p = 0.59 8.21(+/−8.26) t(1,100) = −1.32, p = 0.18

Risk-seeking 46.09% (+/−22.11%) t(1,100) = −0.53, p = 0.59 7.13 (+/−4.78) t(1,100) = 1.78, p = 0.08

With-frame 55.68% (+/−5.97%) t(1,100) = −0.08, p = 0.93 15.48 (+/−15.41) t(1,100) = −1.24, p = 0.21

Against-frame 44.32% (+/−5.97%) t(1,100) = 0.08, p = 0.93 15.18 (+/−10.67) t(1,100) = 1.34, p = 0.18

Correct catch trials 94.18% (+/−115%) t(1,100) = 0.23, p = 0.63 6.14 (+/−11.21) t(1,100) = −0.48, p = 0.63
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FIGURE 2 | Behavioral results of decisions across varying endowments. The
plot shows the percentages of trials in which subjects chose the sure option in
the gain and loss frames for four different starting amounts. In a 2 × 4
(frame-by-initial amount) ANOVA analysis revealed a main effect of frame
[F (2,193 = 17.31, p < 0.001]. Participants demonstrated risk-aversion (i.e.,
choosing the sure option) more frequently as the initial endowment increased.
Increased age predicted higher sure choices only in the $100 endowment
category [F (4,193) = 2.70, p = 0.008] but did not predict choices in the other
endowments. Also, a main effect of endowment amounts [F (4,193) = 22.57,
p < 0.001] demonstrated that participants had the highest framing effects in
the $50 and $100 categories. The effect of initial endowment on sure choices
was significantly greater in the gain frame than in the loss frame (the
interaction of frame-by-initial amount) [F (3,193) = 2.28, p = 0.025].

This pattern arose from older adults choosing more risk-seeking
options in the $100 endowment, meaning that older adults
were more likely to be swayed by the frame of the decision, in
the highest endowment rather, than in lower endowments. In
contrast, the propensity to choose with-frame or against-frame
choices was not dependent on age (See Table 3). Framing effects
analyzed as a composite score across all endowment levels did not
show any significant age effects [F(1,193)= 2.37, p= 0.13].

Age did have a significant effect on the cognitive
measurements of processing speed [t(1,193) = 8.95, p < 0.001],
switching [t(1,193) = 6.52, p < 0.001], fluid intelligence
[t(1,192) = −2.75, p = 0.007] and fluency [t(1,192) = −3.59,
p < 0.001] such that increased age led to declines in these
measures. Additionally, older adults had fewer years of education
than younger adults [t(1,184) = −2.64, p = 0.01]; however,
it is important to note that all individuals within this sample
were relatively well educated with the majority (84.18%) having
16 years of education or more. There also were more females
in the older group than males in this sample of participants
(32.2% of the sample in adults 28–50 and 51.8% of the sample
in adults 51–78) although older adults still did not differ from
younger adults in framing effects when controlling for gender
[F(2,192)= 1.47, p= 0.23].

FIGURE 3 | Behavioral results of decisions across varying probabilities of
gambling stakes. The plot shows the percentages of trials in which subjects
chose the sure option in the gain and loss frames for four different gambling
probability percentages. In a 2 × 4 (frame-by-percentage) ANOVA analysis
revealed a main effect of frame [F (2,19 = 17.31, p < 0.001]. Participants
demonstrated risk-aversion (i.e., choosing the sure option) more frequently as
the initial endowment increased. Increased age predicted higher sure choices
only in the 80% probability percentage category [F (4,193) = 2.77, p = 0.026]
but did not predict choices in the other probability percentages. Also, a main
effect of endowment amounts [F (4,193) = 41.69, p < 0.001] demonstrated
that participants had higher framing effects with increasing probability
percentages. The effect of initial endowment on sure choices was significantly
greater in the loss frame than in the gain frame (the interaction of
frame-by-initial amount) [F (3,193) = 4.23, p = 0.007].

In measures of cognition, strategic control [t(1,193) = −2.08,
p = 0.03] predicted framing scores, such that higher strategic
control scores meant lower susceptibility to framing biases
(See Figure 5). Greater delayed memory also predicted lower
susceptibility to framing biases (See Figure 6). Additionally, the
propensity for participants to make a risk-averse choice was
significantly predicted by a cognitive measure of delayed memory
[t(1,64) = 2.15, p = 0.03]. Also, the propensity to make a with-
frame choice was significantly predicted by cognitive measures
of strategic control [t(1,101) = −2.76, p = 0.006] and delayed
memory [t(1,64)=−2.36, p= 0.02]. Higher strategic control and
delayed memory scores predicted participants choosing against-
frame choices more often than participants with low strategic
control and delayed memory scores. A cognitive measure of
delayed memory [t(1, 113) = −2.12, p = 0.04] also predicted
framing effects, such that higher performance on a measure of
delayed memory predicted fewer framing effects. Other cognitive
measures did not significantly predict framing effects (See
Table 4). In a regression analysis, age as a co-variant explained
some variance attributed to strategic control [t(2,192) = −1.65,
p = 0.10], however, age as a co-variant increased the significance
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FIGURE 4 | Framing effects across age by endowment category. A line graph of framing effects in each endowment category across age at 5 years intervals. The
amount deviation from 0 in framing effects represents the amount of susceptibility to framing bias. Each colored line represents the mean of framing effects in a
different endowment category for every 5 years. Every mean for each of 5 years also shows standard error bars. The difference of framing effects across age was
only significant in the $100 category [t(1,100) = 2.56, p = 0.01].

of the delayed memory finding [t(2, 112) = −2.28, p = 0.025].
The individual demographic factors of gender and education
failed to predict framing effects both on their own and when
controlling for age.

DISCUSSION

This study represents one of the first investigations of the
influence of age across a continuous five-decade age cohort,
cognition and individual factors of gender and education on
financial framing effects using small amounts of money. Older
adults showed greater susceptibility to framing biases when more
money was at stake as compared to younger adults. In addition,
older adults demonstrated lower performance on some cognitive
measures of executive function and memory as compared to
younger adults. As expected, higher performance on cognitive
measures, specifically those of strategic control and delayed
memory, predicted reduced framing effects regardless of age.

Older adults demonstrated higher framing effects when faced
with $100 endowments by choosing risk-averse options when
decisions were framed as gains, and choosing risk-seeking
options when decisions were framed as losses. The inconsistency
of choices, even though the outcomes of the decisions were
equivalent, was greater in older adults as compared to younger
adults in the $100 endowment category. This pattern suggests
that older adults may be more vulnerable to framing biases when
more money is at stake. Previous studies have similarly found that
framing biases in adults became more pronounced with increased
valence (i.e., amount of money at stake) due to increased loss
aversion for higher amounts of money (Kahneman et al., 1991;
Mobbs et al., 2006; Morewedge and Giblin, 2015). Older adults

have shown increased loss aversion as compared to young adults
(Johnson et al., 2006; Peters et al., 2007). The trend for increased
loss aversion in older adults is theorized to be due to differences in
motivation. Central motivation of young adulthood is to acquire
maximum resources whereas older adults are more motivated to
preserve resources (Baltes et al., 1999; Carstensen et al., 2006;
Ebner et al., 2006). Another theory posits that older adults may
be more susceptible to framing effects due to heightened anxiety.
Anxiety is associated with greater susceptibility to the framing
effect (Lauriola and Levin, 2001; Hartley and Phelps, 2012). Also,
heightened anxiety has been shown to be more prevalent in older
adults than younger cohorts and may contribute to stronger loss
aversion in later life, particularly with greater stakes (Igartua
and Cheng, 2009). Loss aversion in older adults may explain
why adults prefer certain gains and losses in lower endowments
but when endowments become too high the aversion to certain
losses pushes older adults into making risky choices to maintain
their resources. Increased framing effects in older adults for
larger financial endowments may help explain why some older
adults could be more susceptible to fraudulent schemes in which
decisions are presented in terms of large likelihood for losses
(Peters et al., 2007; James et al., 2014).

In addition to higher framing effects, older adults
demonstrated lower performance on cognitive measures of
processing speed, switching, abstraction, fluid intelligence,
delayed memory and fluency, similar to previous evidence
involving age-related declines in cognition (Park et al., 2002;
Salthouse, 2010). Given that this sample of participants showed a
similar pattern of age-related declines on measures of cognition
as reported in prior research, it is likely that this sample
represents a typical, normally aging population. Measures of
cognition that did not show age-related declines were reasoning,
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FIGURE 5 | The influence of strategic control on framing effects. A scatter plot
of scores on a measure of strategic control and framing effects. The amount
deviation from 0 in framing effects represents the amount of susceptibility to
framing bias. The solid line represents the influence of strategic control on
framing effects [F (1,193) = 432, p = 0.04] which was significant.

FIGURE 6 | The influence of delayed memory on framing effects. A scatter
plot of scores on a measure of delayed memory and framing effects. The
amount deviation from 0 in framing effects represents the amount of
susceptibility to framing bias. The solid line represents the influence of delayed
memory on framing effects [F (1,193) = 4.53, p = 0.03] which was significant.

strategic control, and inhibition. The results of this suggest that
although increased age may bring on declines in some cognitive
abilities, age may also show preserved functioning in other

cognitive abilities (e.g., strategic control and reasoning) that
support maintained decision-making performance in everyday
tasks, commensurate with previous research showing preserved
cognitive abilities in healthy older adults (Chapman et al., 1995,
2006; Anand et al., 2011).

In regards to cognition, we found that measures of strategic
control and delayed memory significantly predicted framing
effects as well as the propensity to choose with-frame or against-
frame choices. This novel finding is intriguing since strategic
control, by its very nature requires analytic rather than heuristic
processing. One way to explain this significant link between
performance on our strategic control measure and framing effects
may be interpreted in light of Stanovich’s dual process model of
cognition.

The dual process model by Stanovich and colleagues proposes
two distinct kinds of thinking; one fast and intuitive and the
other slow and deliberative (Carstensen et al., 1999; Stanovich
and West, 2000; Kokis et al., 2002; Kahneman, 2011). In regards
to framing effects, dual process accounts predict that individuals
using fast and intuitive processing are likely to show greater
framing effects than individuals who use slow and deliberative
processing to approach decisions. For example, people who are
automatically risk-averse when faced with loss or risk-seeking
when faced with gains would be using fast thinking to process
those decisions. Alternatively, people who resist the framing bias,
namely are risk-averse or risk-seeking regardless of being faced
with losses or gains, would be using slow and deliberate thinking
to process their decisions.

Behaviorally, dual process models have had success in
explaining framing effects and considerable research has
described their findings in terms of dual process systems (Kim
et al., 2005; De Martino et al., 2006; De Bruin et al., 2007;
Kahneman and Frederick, 2007; Thomas and Millar, 2011;
Murch and Krawczyk, 2013). An examination of the neural
mechanisms underlying the framing effect revealed support this
theory by demonstrating increased BOLD activation in the
amygdala, a region associated with emotion and heuristics, and
decreased vmPFC activation, a region associated with analytic
thought processing, predicted greater susceptibility to framing
(Rushworth et al., 2004; Deppe et al., 2005; De Martino et al.,
2006). Previous studies have theorized that individual differences
in aging, for example, can predict whether individuals will use
automatic or deliberate processing (Deppe et al., 2005; Kim et al.,
2005; Venkatraman and Huettel, 2012). Additionally, studies
that have found higher executive function performance relates
to reduced susceptibility to framing biases have explained their
findings in terms of dual-process models (Rushworth et al., 2004).
Specifically, that executive function may be an indirect measure
of deliberate thinking which in turn can predict an individual’s
susceptibility to framing effects.

Various measures of strategic control have shown that
framing effects may be influenced by the ability to decipher
and implement strategies (Kim et al., 2005; Woodhead et al.,
2011; Worthy and Todd Maddox, 2011). The strategic control
measure used in the present study invokes skill in discerning
and employing strategies to achieve an overarching goal, which
is similar to other measures of strategic ability that have been

Frontiers in Psychology | www.frontiersin.org 8 May 2018 | Volume 9 | Article 661

https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-09-00661 May 8, 2018 Time: 16:58 # 9

Perez et al. Influential Factors on Framing Biases

TABLE 4 | Cognitive factors influencing framing performance.

Cognitive domain Cognitive test N df Mean Std. deviation t p

Executive function Abstraction 193 1 12.38 2.5 0.84 0.40

Fluency 146 1 46.47 11.21 −0.88 0.38

Inhibition 87 1 11.65 2.17 −0.27 0.78

DKEFS sorting 192 1 13.63 2.18 −0.012 0.99

Strategic control 194 1 153.46 33.37 −2.08 0.03∗

Memory Immediate memory 114 1 10.71 2.71 −0.02 0.98

Delayed memory 114 1 12.11 2.53 −2.12 0.03∗

Working memory 194 1 7.57 2.52 −1.05 0.29

Complex attention Processing speed 194 1 25.70 8.64 1.62 0.10

Switching 194 1 57.70 17.38 0.14 0.86

Attention 194 1 11.66 2.39 −0.99 0.32

∗Denotes significant contribution to framing effect at p < 0.05.

predictive of framing performance. The underlying cognitive
processes associated with strategic control are effortful and
align well with Stanovich’s theory of deliberate processing. The
relationship between strategic control and overcoming framing
effects may therefore draw upon similar deliberate processes.

Additionally, higher performance on a cognitive measure
of delayed memory predicted reduced framing effects. Other
components of memory such as greater working memory and
immediate memory have been found to reduce framing effects
as well (Castel et al., 2002; Cokely and Kelley, 2009; Lighthall
et al., 2014). In relation to Stanovich’s dual-process model,
memory has been theoretically divided into two systems with
relative ease. The heuristic processing system has been tied
to associative retrieval and pattern completion components of
memory (Smith and DeCoster, 2000; Wixted and Mickes, 2010).
The analytic processing system in relation to memory involves
the intentional retrieval of explicit or symbolically represented
rules to guide behavior (Smith and DeCoster, 2000). Delayed
memory may be more of an analytic process that determines
the value of what information is necessary to remember for
later and apply for salient decisions. Given that delayed memory
may represent an analytic form of processing information,
it’s relation to overcoming framing biases would concur with
Stanovich’s dual process theory on framing effects (Stanovich and
West, 2008; Evans and Stanovich, 2013). Future studies should
examine more extensive components of memory related to
analytic processing to understand their contribution to framing
effects.

CONCLUSION

This study represents the first known examination of the
influence of age across a continuous five-decade age cohort,
cognition and individual differences on financial framing
effects using small amounts of money. The key results can
be summarized by the following points. First, older adults
demonstrated more susceptibility to framing biases when faced
with larger amounts of money. As expected, older adults
also demonstrated declines in cognitive abilities as has been

previously well established. Despite declines in certain cognitive
abilities, greater performance on measures of strategic control
and delayed memory predicted reduced susceptibility to framing
biases, regardless of age. Both strategic control and delayed
memory may represent cognitive measures of analytic processing
which is necessary for overcoming framing biases.

Although this study provided findings that further the field
of decision-making and cognition in aging, there were inherent
limitations. One limitation is that the sample had a small range
of education so these results may not be generalizable to people
with other socioeconomic statuses. Additionally, this study used
an experimental financial framing paradigm and not measures of
real-life decision-making. It would be informative to understand
how experimental measures of decision-making relate to real-life
measures of decision-making.

Future studies are warranted to examine whether these
cognitive abilities directly relate to measures of analytic
processing and how older adults can be cued to use analytic
processing to avoid framing effects in potentially fraudulent
scams. An examination of the underlying neural mechanisms
of framing effects across a large age span could better elucidate
the types of cognitive processes (e.g., analytic versus heuristic)
necessary for avoiding framing biases and how those processes
change with age. Additionally, research should also be directed
toward understanding how framing effects are impacted by early
stages of disease and cognitive decline in early dementia as
opposed to healthy aging, as has been suggested in an earlier study
(Perez et al., 2014).

Previous research has suggested increased age predicts
declines in decision making competence and biases, however,
some differences shown with increased age can be attributed
differences in cognitive ability, cognitive functioning, experience,
and health among other factors. This research is particularly
important because the findings caution against attributing
impaired decision-making to age alone. Instead, identifying
what capacities contribute to reduced capabilities in decision-
making require continued study with precise and accurate
characterizations across a compendium of factors, including but
not limited to age and cognition. The present results provide
valuable foundational evidence to further explore the complex
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neurobiological factors that are associated with financial framing
effects.

ETHICS STATEMENT

This study was carried out in accordance with the
recommendations of The University of Texas at Dallas
Institutional Review Board with written informed consent
from all subjects. All subjects gave written informed consent
in accordance with the Declaration of Helsinki. The protocol
was approved by The University of Texas at Dallas Institutional
Review Board.

AUTHOR CONTRIBUTIONS

AP: lead author, conception and design of the work, acquisition,
analysis and interpretation of the work, and approval of the
manuscript. JS: analysis and interpretation of the work, revisions
of the work, and approval of the manuscript. LK: conception
of design for the work, analysis and interpretation of the
work, revisions of the work, and approval of manuscript. EV:
acquisition of the work, revisions of the work, and approval
of the manuscript. SC: conception and design of the work,

interpretation of data, revising of work, and approval of
manuscript.

FUNDING

This work was supported by the MetLife Mature Market
Institute, Grant 14558005; the American Brain Foundation
Clinical Research Training Fellowship; the National Center
for Advancing Translational Sciences (KL2TR000143); a grant
from the National Institutes of Health (RC1-AG035954, R01-
NS067015, and R01-AG033106); and by grants from the
T. Boone Pickens Foundation, the Lyda Hill Foundation, Dee
Wyly Distinguished University Endowment, and the Friends of
BrainHealth Distinguished New Scientist Award.

ACKNOWLEDGMENTS

This manuscript describes original work completed as part of a
dissertation for The University of Texas at Dallas (Perez, 2016).
We would like to thank Dr. Winston Chiong from University of
California, San Francisco for his expertise and guidance on this
project.

REFERENCES
Agarwal, S., Driscoll, J. C., Gabaix, X., and Laibson, D. (2009). The age of reason:

financial decisions over the life cycle and implications for regulation. Brook.
Pap. Econ. Act. 40, 51–117. doi: 10.1353/eca.0.0067

Anand, R., Chapman, S. B., Rackley, A., Keebler, M., Zientz, J., and Hart, J. (2011).
Gist reasoning training in cognitively normal seniors. Int. J. Geriatr. Psychiatry
26, 961–968. doi: 10.1002/gps.2633

Andrews-Hanna, J. R., Snyder, A. Z., Vincent, J. L., Lustig, C., Head, D., Raichle,
M. E., et al. (2007). Disruption of large-scale brain systems in advanced aging.
Neuron 56, 924–935. doi: 10.1016/j.neuron.2007.10.038

Austad, S. N. (2006). Why women live longer than men: sex differences
in longevity. Gend. Med. 3, 79–92. doi: 10.1016/S1550-8579(06)
80198-1

Baltes, P. B., Staudinger, U. M., and Lindenberger, U. (1999). Lifespan psychology:
theory and application to intellectual functioning. Annu. Rev. Psychol. 50,
471–507. doi: 10.1146/annurev.psych.50.1.471

Beck, A. T., Steer, R. A., Ball, R., and Ranieri, W. F. (1996). Comparison of beck
depression inventories-IA and-II in psychiatric outpatients. J. Pers. Assess. 67,
588–597. doi: 10.1207/s15327752jpa6703_13

Best, R., and Charness, N. (2015). Age differences in the effect of framing on risky
choice: a meta-analysis. Psychol. Aging 30, 688–698. doi: 10.1037/a0039447

Carstensen, L. L., Isaacowitz, D. M., and Charles, S. T. (1999). Taking time
seriously: a theory of socioemotional selectivity. Am. Psychol. 54, 165–181.
doi: 10.1037/0003-066X.54.3.165

Carstensen, L. L., Mikels, J. A., and Mather, M. (2006). Aging and the intersection
of cognition, motivation and emotion. Handb. Psychol. Aging 6, 343–362.

Castel, A. D., Benjamin, A. S., Craik, F. I., and Watkins, M. J. (2002). The effects of
aging on selectivity and control in short-term recall. Mem. Cogn. 30, 1078–1085.
doi: 10.3758/BF03194325

Chapman, S. B., Anand, R., Sparks, G., and Cullum, C. M. (2006). Gist distinctions
in healthy cognitive aging versus mild Alzheimer’s disease. Brain Impair. 7,
223–233. doi: 10.1375/brim.7.3.223

Chapman, S. B., Ulatowska, H. K., King, K., Johnson, J. K., and McIntire,
D. D. (1995). Discourse in early Alzheimer’s disease versus normal advanced
aging. Am. J. Speech Lang. Pathol. 4, 124–129. doi: 10.1044/1058-0360.
0404.124

Cokely, E. T., and Kelley, C. M. (2009). Cognitive abilities and superior decision
making under risk: a protocol analysis and process model evaluation. Judgm.
Decis. Mak. 4, 20–33.

Craik, F. I. M. (2000). Age-related changes in human memory. Cogn. Aging 5,
75–92.

De Bruin, W., Parker, A. M., and Fischhoff, B. (2007). Individual differences
in adult decision-making competence. J. Pers. Soc. Psychol. 92, 938–956.
doi: 10.1037/0022-3514.92.5.938

De Bruin, W., Parker, A. M., and Fischhoff, B. (2012). Explaining adult age
differences in decision-making competence. J. Behav. Decis. Mak. 25, 352–360.
doi: 10.1002/bdm.712

De Martino, B., Kumaran, D., Seymour, B., and Dolan, R. J. (2006). Frames,
biases, and rational decision-making in the human brain. Science 313, 684–687.
doi: 10.1126/science.1128356

Del Missier, F., Mäntylä, T., and de Bruin, W. B. (2010). Executive functions in
decision making: an individual differences approach. Think. Reason. 16, 69–97.
doi: 10.1080/13546781003630117

Del Missier, F., Mäntylä, T., and De Bruin, W. B. (2012). Decision-making
competence, executive functioning, and general cognitive abilities. J. Behav.
Decis. Mak. 25, 331–351. doi: 10.1002/bdm.731

Denburg, N. L., Tranel, D., and Bechara, A. (2005). The ability to decide
advantageously declines prematurely in some normal older persons.
Neuropsychologia 43, 1099–1106. doi: 10.1016/j.neuropsychologia.2004.09.012

Deppe, M., Schwindt, W., Kraemer, J., Kugel, H., Plassmann, H., Kenning, P., et al.
(2005). Evidence for a neural correlate of a framing effect: bias-specific activity
in the ventromedial prefrontal cortex during credibility judgments. Brain Res.
Bull. 67, 413–421. doi: 10.1016/j.brainresbull.2005.06.017

Ebner, N. C., Freund, A. M., and Baltes, P. B. (2006). Developmental changes
in personal goal orientation from young to late adulthood: from striving for
gains to maintenance and prevention of losses. Psychol. Aging 21, 664–678.
doi: 10.1037/0882-7974.21.4.664

Evans, J. S., and Stanovich, K. E. (2013). Dual-process theories of higher
cognition: advancing the debate. Perspect. Psychol. Sci. 8, 223–241. doi: 10.1177/
1745691612460685

Finucane, M. L., Mertz, C. K., Slovic, P., and Schmidt, E. S. (2005). Task complexity
and older adults’ decision-making competence. Psychol. Aging 20, 71–84.
doi: 10.1037/0882-7974.20.1.71

Frontiers in Psychology | www.frontiersin.org 10 May 2018 | Volume 9 | Article 661

https://doi.org/10.1353/eca.0.0067
https://doi.org/10.1002/gps.2633
https://doi.org/10.1016/j.neuron.2007.10.038
https://doi.org/10.1016/S1550-8579(06)80198-1
https://doi.org/10.1016/S1550-8579(06)80198-1
https://doi.org/10.1146/annurev.psych.50.1.471
https://doi.org/10.1207/s15327752jpa6703_13
https://doi.org/10.1037/a0039447
https://doi.org/10.1037/0003-066X.54.3.165
https://doi.org/10.3758/BF03194325
https://doi.org/10.1375/brim.7.3.223
https://doi.org/10.1044/1058-0360.0404.124
https://doi.org/10.1044/1058-0360.0404.124
https://doi.org/10.1037/0022-3514.92.5.938
https://doi.org/10.1002/bdm.712
https://doi.org/10.1126/science.1128356
https://doi.org/10.1080/13546781003630117
https://doi.org/10.1002/bdm.731
https://doi.org/10.1016/j.neuropsychologia.2004.09.012
https://doi.org/10.1016/j.brainresbull.2005.06.017
https://doi.org/10.1037/0882-7974.21.4.664
https://doi.org/10.1177/1745691612460685
https://doi.org/10.1177/1745691612460685
https://doi.org/10.1037/0882-7974.20.1.71
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-09-00661 May 8, 2018 Time: 16:58 # 11

Perez et al. Influential Factors on Framing Biases

Hanten, G., Chapman, S. B., Gamino, J. F., Zhang, L., Benton, S. B., Stallings-
Roberson, G., et al. (2004). Verbal selective learning after traumatic brain injury
in children. Ann. Neurol. 56, 847–853. doi: 10.1002/ana.20298

Hartley, C. A., and Phelps, E. A. (2012). Anxiety and decision-making. Biol.
Psychiatry 72, 113–118. doi: 10.1016/j.biopsych.2011.12.027

Igartua, J. J., and Cheng, L. (2009). Moderating effect of group cue while processing
news on immigration: is the framing effect a heuristic process? J. Commun. 59,
726–749. doi: 10.1111/j.1460-2466.2009.01454.x

James, B. D., Boyle, P. A., and Bennett, D. A. (2014). Correlates of susceptibility
to scams in older adults without dementia. J. Elder Abuse Negl. 26, 107–122.
doi: 10.1080/08946566.2013.821809

Johnson, E. J., Gächter, S., and Herrmann, A. (2006). Exploring the Nature of Loss
Aversion. Nottingham: University of Nottingham.

Johnson, J. E. V., and Powell, P. L. (1994). Decision making, risk and gender: are
managers different? Br. J. Manag. 5, 123–138. doi: 10.1111/j.1467-8551.1994.
tb00073.x

Kahneman, D. (2011). Thinking, Fast and Slow. Basingstoke: Macmillan.
Kahneman, D., and Frederick, S. (2007). Frames and brains: elicitation and control

of response tendencies. Trends Cogn. Sci. 11, 45–46. doi: 10.1016/j.tics.2006.
11.007

Kahneman, D., Knetsch, J. L., and Thaler, R. H. (1991). Anomalies: the endowment
effect, loss aversion, and status quo bias. J. Econ. Perspect. 5, 193–206.
doi: 10.1257/jep.5.1.193

Kahneman, D., and Tversky, A. (1979). Prospect theory: an analysis of decision
under risk. Econometrica 47, 263–291. doi: 10.1007/s11336-014-9425-x

Kahneman, D., and Tversky, A. (1990). “Prospect theory: an analysis of decision
under risk,” in Rationality in Action: Contemporary Approaches, ed. P. Moser
(Cambridge: Cambridge University Press), 140–170.

Kim, S., Goldstein, D., Hasher, L., and Zacks, R. T. (2005). Framing effects in
younger and older adults. J. Gerontol. Ser. B Psychol. Sci. Soc. Sci. 60, P215–P218.
doi: 10.1093/geronb/60.4.P215

Kirchheimer, S. (2011). Scams trap older adults. AARP Bull. 1. Available
at: https://www.aarp.org/money/scams-fraud/info-02-2011/scams-trap-older-
adults.html

Kokis, J. V., Macpherson, R., Toplak, M. E., West, R. F., and Stanovich, K. E. (2002).
Heuristic and analytic processing: age trends and associations with cognitive
ability and cognitive styles. J. Exp. Child Psychol. 83, 26–52. doi: 10.1016/S0022-
0965(02)00121-2

Kovalchik, S., Camerer, C. F., Grether, D. M., Plott, C. R., and Allman, J. M. (2005).
Aging and decision making: a comparison between neurologically healthy
elderly and young individuals. J. Econ. Behav. Organ. 58, 79–94. doi: 10.1016/j.
jebo.2003.12.001

Kuo, F.-Y., Hsu, C.-W., and Day, R.-F. (2009). An exploratory study of cognitive
effort involved in decision under framing—an application of the eye-tracking
technology. Decis. Support Syst. 48, 81–91. doi: 10.1016/j.dss.2009.06.011

Lauriola, M., and Levin, I. P. (2001). Personality traits and risky decision making
in a controlled experimental task: an exploratory study. Pers. Individ. Dif. 31,
215–226. doi: 10.1016/S0191-8869(00)00130-6

Levin, I. P., Snyder, M. A., and Chapman, D. P. (1988). The interaction of
experiential and situational factors and gender in a simulated risky decision-
making task. J. Psychol. 122, 173–181. doi: 10.1080/00223980.1988.9712703

Levy, R. (1994). Aging-associated cognitive decline. Int. Psychogeriatr. 6, 63–68.
doi: 10.1017/S1041610294001626

Li, S.-C., Lindenberger, U., Hommel, B., Aschersleben, G., Prinz, W., and Baltes,
P. B. (2004). Transformations in the couplings among intellectual abilities and
constituent cognitive processes across the life span. Psychol. Sci. 15, 155–163.
doi: 10.1111/j.0956-7976.2004.01503003.x

Li, Y., Baldassi, M., Johnson, E. J., and Weber, E. U. (2013). Complementary
cognitive capabilities, economic decision making, and aging. Psychol. Aging 28,
595–613. doi: 10.1037/a0034172

Lighthall, N. R., Huettel, S. A., and Cabeza, R. (2014). Functional compensation in
the ventromedial prefrontal cortex improves memory-dependent decisions in
older adults. J. Neurosci. 34, 15648–15657. doi: 10.1523/JNEUROSCI.2888-14.
2014

Loke, W. H., and Tan, K. F. (1992). Effects of framing and missing information
in expert and novice judgment. Bull. Psychon. Soc. 30, 187–190. doi: 10.3758/
BF03330437

Mata, R., Josef, A. K., Samanez-Larkin, G. R., and Hertwig, R. (2011). Age
differences in risky choice: a meta-analysis. Ann. N. Y. Acad. Sci. 1235, 18–29.
doi: 10.1111/j.1749-6632.2011.06200.x

Mata, R., and Nunes, L. (2010). When less is enough: cognitive aging, information
search, and decision quality in consumer choice. Psychol. Aging 25, 289–298.
doi: 10.1037/a0017927

Mata, R., Schooler, L. J., and Rieskamp, J. (2007). The aging decision maker:
cognitive aging and the adaptive selection of decision strategies. Psychol. Aging
22, 796–810. doi: 10.1037/0882-7974.22.4.796

Mayhorn, C. B., Fisk, A. D., and Whittle, J. D. (2002). Decisions, decisions: analysis
of age, cohort, and time of testing on framing of risky decision options. Hum.
Factors 44, 515–521. doi: 10.1518/0018720024496935

McArdle, J. J., Ferrer-Caja, E., Hamagami, F., and Woodcock, R. W. (2002).
Comparative longitudinal structural analyses of the growth and decline of
multiple intellectual abilities over the life span. Dev. Psychol. 38, 115–142.
doi: 10.1037/0012-1649.38.1.115

Mikels, J. A., and Reed, A. E. (2009). Monetary losses do not loom large in later life:
age differences in the framing effect. J. Gerontol. Ser. B Psychol. Sci. Soc. Sci. 64,
457–460. doi: 10.1093/geronb/gbp043

Miller, E. K., and Cohen, J. D. (2001). An integrative theory of prefrontal
cortex function. Annu. Rev. Neurosci. 24, 167–202. doi: 10.1146/annurev.neuro.
24.1.167

Mobbs, D., Weiskopf, N., Lau, H. C., Featherstone, E., Dolan, R. J., and Frith, C. D.
(2006). The Kuleshov effect: the influence of contextual framing on emotional
attributions. Soc. Cogn. Affect. Neurosci. 1, 95–106. doi: 10.1093/scan/nsl014

Morewedge, C. K., and Giblin, C. E. (2015). Explanations of the endowment effect:
an integrative review. Trends Cogn. Sci. 19, 339–348. doi: 10.1016/j.tics.2015.
04.004

Murch, K. B., and Krawczyk, D. C. (2013). A neuroimaging investigation of
attribute framing and individual differences. Soc. Cogn. Affect. Neurosci. 9,
1464–1471. doi: 10.1093/scan/nst140

Nasreddine, Z. S., Phillips, N. A., Bédirian, V., Charbonneau, S., Whitehead, V.,
Collin, I., et al. (2005). The Montreal cognitive assessment, MoCA: a brief
screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 53, 695–699.
doi: 10.1111/j.1532-5415.2005.53221.x

Park, D. C., Lautenschlager, G., Hedden, T., Davidson, N. S., Smith, A. D., and
Smith, P. K. (2002). Models of visuospatial and verbal memory across the adult
life span. Psychol. Aging 17, 299–320. doi: 10.1037/0882-7974.17.2.299

Perez, A. M. (2016). The Cognitive and Neural Underpinnings of Risky-Choice
Framing Biases in Healthy Adults. Ph.D. dissertation, The University of Texas
at Dallas, Richardson, TX.

Perez, A. M., Venza, E., Rackley, A., Eroh, J., Mudar, R. A., and Chapman, S. B.
(2014). Cognitive contributions to impaired decision-making in mild cognitive
impairment. Paper Presented at the Cognitive Neuroscience Society, Boston, MA.

Peters, E., Hess, T. M., Auman, C., and Västfjäll, D. (2007). Adult age differences
in dual information processes and their influence on judgments and decisions:
a review. Perspect. Psychol. Sci. 2, 1–23. doi: 10.1111/j.1745-6916.2007.00025.x

Powell, M., and Ansic, D. (1997). Gender differences in risk behaviour in financial
decision-making: an experimental analysis. J. Econ. Psychol. 18, 605–628.
doi: 10.1016/j.yhbeh.2010.01.006

Pu, B., Peng, H., and Xia, S. (2017). Role of emotion and cognition on age
differences in the framing effect. Int. J. Aging Hum. Dev. 85, 305–325.
doi: 10.1177/0091415017691284

Reitan, R. M. (1958). Validity of the trail making test as an indicator of organic
brain damage. Percept. Mot. Skills 8, 271–276. doi: 10.2466/pms.1958.8.3.271

Rönnlund, M., Karlsson, E., Laggnäs, E., Larsson, L., and Lindström, T. (2005).
Risky decision making across three arenas of choice: are younger and older
adults differently susceptible to framing effects? J. Gen. Psychol. 132, 81–93.
doi: 10.3200/GENP.132.1.81-93

Rushworth, M. F. S., Walton, M. E., Kennerley, S. W., and Bannerman, D. M.
(2004). Action sets and decisions in the medial frontal cortex. Trends Cogn. Sci.
8, 410–417. doi: 10.1016/j.tics.2004.07.009

Salthouse, T. A. (1992). Influence of processing speed on adult age differences
in working memory. Acta Psychol. 79, 155–170. doi: 10.1016/0001-6918(92)
90030-H

Salthouse, T. A. (1996). The processing-speed theory of adult age differences in
cognition. Psychol. Rev. 103, 403–428. doi: 10.1037/0033-295X.103.3.403

Frontiers in Psychology | www.frontiersin.org 11 May 2018 | Volume 9 | Article 661

https://doi.org/10.1002/ana.20298
https://doi.org/10.1016/j.biopsych.2011.12.027
https://doi.org/10.1111/j.1460-2466.2009.01454.x
https://doi.org/10.1080/08946566.2013.821809
https://doi.org/10.1111/j.1467-8551.1994.tb00073.x
https://doi.org/10.1111/j.1467-8551.1994.tb00073.x
https://doi.org/10.1016/j.tics.2006.11.007
https://doi.org/10.1016/j.tics.2006.11.007
https://doi.org/10.1257/jep.5.1.193
https://doi.org/10.1007/s11336-014-9425-x
https://doi.org/10.1093/geronb/60.4.P215
https://www.aarp.org/money/scams-fraud/info-02-2011/scams-trap-older-adults.html
https://www.aarp.org/money/scams-fraud/info-02-2011/scams-trap-older-adults.html
https://doi.org/10.1016/S0022-0965(02)00121-2
https://doi.org/10.1016/S0022-0965(02)00121-2
https://doi.org/10.1016/j.jebo.2003.12.001
https://doi.org/10.1016/j.jebo.2003.12.001
https://doi.org/10.1016/j.dss.2009.06.011
https://doi.org/10.1016/S0191-8869(00)00130-6
https://doi.org/10.1080/00223980.1988.9712703
https://doi.org/10.1017/S1041610294001626
https://doi.org/10.1111/j.0956-7976.2004.01503003.x
https://doi.org/10.1037/a0034172
https://doi.org/10.1523/JNEUROSCI.2888-14.2014
https://doi.org/10.1523/JNEUROSCI.2888-14.2014
https://doi.org/10.3758/BF03330437
https://doi.org/10.3758/BF03330437
https://doi.org/10.1111/j.1749-6632.2011.06200.x
https://doi.org/10.1037/a0017927
https://doi.org/10.1037/0882-7974.22.4.796
https://doi.org/10.1518/0018720024496935
https://doi.org/10.1037/0012-1649.38.1.115
https://doi.org/10.1093/geronb/gbp043
https://doi.org/10.1146/annurev.neuro.24.1.167
https://doi.org/10.1146/annurev.neuro.24.1.167
https://doi.org/10.1093/scan/nsl014
https://doi.org/10.1016/j.tics.2015.04.004
https://doi.org/10.1016/j.tics.2015.04.004
https://doi.org/10.1093/scan/nst140
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1037/0882-7974.17.2.299
https://doi.org/10.1111/j.1745-6916.2007.00025.x
https://doi.org/10.1016/j.yhbeh.2010.01.006
https://doi.org/10.1177/0091415017691284
https://doi.org/10.2466/pms.1958.8.3.271
https://doi.org/10.3200/GENP.132.1.81-93
https://doi.org/10.1016/j.tics.2004.07.009
https://doi.org/10.1016/0001-6918(92)90030-H
https://doi.org/10.1016/0001-6918(92)90030-H
https://doi.org/10.1037/0033-295X.103.3.403
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-09-00661 May 8, 2018 Time: 16:58 # 12

Perez et al. Influential Factors on Framing Biases

Salthouse, T. A. (2009). When does age-related cognitive decline begin? Neurobiol.
Aging 30, 507–514. doi: 10.1016/j.neurobiolaging.2008.09.023

Salthouse, T. A. (2010). Selective review of cognitive aging. J. Int. Neuropsychol.
Soc. 16, 754–760. doi: 10.1017/S1355617710000706

Salthouse, T. A., and Babcock, R. L. (1991). Decomposing adult age differences in
working memory. Dev. Psychol. 27, 763–776. doi: 10.1037/0012-1649.27.5.763

Schaie, K. W., and Willis, S. L. (2010). The Seattle longitudinal study of adult
cognitive development. ISSBD Bull. 57, 24–29.

Schum, R. L., Sivan, A. B., and Benton, A. (1989). Multilingual aphasia
examination: norms for children. Clin. Neuropsychol. 3, 375–383. doi: 10.1080/
13854048908401486

Shunk, A. W., Davis, A. S., and Dean, R. S. (2006). TEST REVIEW: Dean
C. Delis, Edith Kaplan & Joel H. Kramer, Delis Kaplan executive function
system (D-KEFS), the psychological corporation, San Antonio, TX, 2001. Appl.
Neuropsychol. 13, 275–279. doi: 10.1207/s15324826an1304_9

Smith, E. R., and DeCoster, J. (2000). Dual-process models in social and
cognitive psychology: conceptual integration and links to underlying memory
systems. Pers. Soc. Psychol. Rev. 4, 108–131. doi: 10.1207/S15327957PS
PR0402_01

Stanovich, K. E., and West, R. F. (2000). Individual differences in reasoning:
implications for the rationality debate? Behav. Brain Sci. 23, 645–665.
doi: 10.1017/S0140525X00003435

Stanovich, K. E., and West, R. F. (2008). On the relative independence of thinking
biases and cognitive ability. J. Pers. Soc. Psychol. 94, 672–695. doi: 10.1037/0022-
3514.94.4.672

Strough, J., Karns, T. E., and Schlosnagle, L. (2011). Decision-making heuristics
and biases across the life span. Ann. N. Y. Acad. Sci. 1235, 57–74. doi: 10.1111/
j.1749-6632.2011.06208.x

Takemura, K. (1993). The effect of decision frame and decision justification
on risky choice. Jpn. Psychol. Res. 35, 36–40. doi: 10.4992/psycholres1
954.35.36

Thomas, A. K., and Millar, P. R. (2011). Reducing the framing effect in older and
younger adults by encouraging analytic processing. J. Gerontol. Ser. B Psychol.
Sci. Soc. Sci. 67, 139–149. doi: 10.1093/geronb/gbr076

Tversky, A., and Kahneman, D. (1981). “The framing of decisions and the
psychology of choice,” in Environmental Impact Assessment, Technology
Assessment, and Risk Analysis, eds V. T. Covello, J. L. Mumpower, P. J. M.
Stallen, and V. R. R. Uppuluri (Berlin: Springer), 107–129.

Vaupel, J. W. (2010). Biodemography of human ageing. Nature 464, 536–542.
doi: 10.1038/nature08984

Venkatraman, V., and Huettel, S. A. (2012). Strategic control in decision-making
under uncertainty. Eur. J. Neurosci. 35, 1075–1082. doi: 10.1111/j.1460-9568.
2012.08009.x

Wechsler, D. (1997). WAIS-III, Wechsler Adult Intelligence Scale: Administration
and Scoring Manual. San Antonio, TX: Psychological Corporation.

Wechsler, D. (1999). Wechsler Abbreviated Intelligence Scale. San Antonio, TX: The
Psychological Corporation.

Weller, J. A., Levin, I. P., and Denburg, N. L. (2011). Trajectory of risky decision
making for potential gains and losses from ages 5 to 85. J. Behav. Decis. Mak. 24,
331–344. doi: 10.1002/bdm.690

Whitney, P., Rinehart, C. A., and Hinson, J. M. (2008). Framing effects under
cognitive load: the role of working memory in risky decisions. Psychon. Bull.
Rev. 15, 1179–1184. doi: 10.3758/PBR.15.6.1179

Wixted, J. T., and Mickes, L. (2010). A continuous dual-process model of
remember/know judgments. Psychol. Rev. 117, 1025–1054. doi: 10.1037/
a0020874

Woodhead, E. L., Lynch, E. B., and Edelstein, B. A. (2011). Decisional strategy
determines whether frame influences treatment preferences for medical
decisions. Psychol. Aging 26, 285–294. doi: 10.1037/a0021608

Worthy, D. A., Gorlick, M. A., Pacheco, J. L., Schnyer, D. M., and Todd Maddox, W.
(2011). With age comes wisdom: decision making in younger and older adults.
Psychol. Sci. 22, 1375–1380. doi: 10.1177/0956797611420301

Worthy, D. A., and Todd Maddox, W. (2011). Age-based differences in strategy use
in choice tasks. Front. Neurosci. 5:145. doi: 10.3389/fnins.2011.00145

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Perez, Spence, Kiel, Venza and Chapman. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Psychology | www.frontiersin.org 12 May 2018 | Volume 9 | Article 661

https://doi.org/10.1016/j.neurobiolaging.2008.09.023
https://doi.org/10.1017/S1355617710000706
https://doi.org/10.1037/0012-1649.27.5.763
https://doi.org/10.1080/13854048908401486
https://doi.org/10.1080/13854048908401486
https://doi.org/10.1207/s15324826an1304_9
https://doi.org/10.1207/S15327957PSPR0402_01
https://doi.org/10.1207/S15327957PSPR0402_01
https://doi.org/10.1017/S0140525X00003435
https://doi.org/10.1037/0022-3514.94.4.672
https://doi.org/10.1037/0022-3514.94.4.672
https://doi.org/10.1111/j.1749-6632.2011.06208.x
https://doi.org/10.1111/j.1749-6632.2011.06208.x
https://doi.org/10.4992/psycholres1954.35.36
https://doi.org/10.4992/psycholres1954.35.36
https://doi.org/10.1093/geronb/gbr076
https://doi.org/10.1038/nature08984
https://doi.org/10.1111/j.1460-9568.2012.08009.x
https://doi.org/10.1111/j.1460-9568.2012.08009.x
https://doi.org/10.1002/bdm.690
https://doi.org/10.3758/PBR.15.6.1179
https://doi.org/10.1037/a0020874
https://doi.org/10.1037/a0020874
https://doi.org/10.1037/a0021608
https://doi.org/10.1177/0956797611420301
https://doi.org/10.3389/fnins.2011.00145
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	Influential Cognitive Processes on Framing Biases in Aging
	Introduction
	Materials and Methods
	Participants
	Measures
	Framing Task
	Cognitive Testing
	Analyses

	Results
	Discussion
	Conclusion
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


