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Abstract
Objectives:  Prior research has documented age differences in risky decisions and indicates that they are susceptible to 
gain versus loss framing. However, previous studies focused on “decisions from description” that explicitly spell out the 
probabilities involved. The present study expands this literature by examining the effects of framing on age differences in 
the Balloon Analogue Risk Task (BART), a widely used and ecologically valid measure of experience-based risky decision 
making that involves pumping a virtual balloon.
Methods:  In a preregistered study, younger (aged 18–30, n = 129) and older adults (aged 60 and older, n = 125) were ran-
domly assigned to either a gain version of the BART, where pumping the balloon added monetary gains, or a loss version, 
where pumping the balloon avoided monetary losses.
Results:  We found a significant age by frame interaction on risk-taking: in the loss frame, older adults pumped more fre-
quently and experienced more popped balloons than younger adults, whereas in the gain frame no significant age differ-
ences were found. Total performance on the BART did not vary by age or frame. Supplementary analyses indicated that 
age differences in pumping rates were most pronounced at the beginning of the BART and leveled off in subsequent trials. 
Controlling for age differences in motivation, personality, and cognition did not account for age differences in risk-taking.
Discussion:  In combination, findings suggest that age differences in risk-taking on the BART are more pronounced when 
the task context emphasizes avoiding losses rather than achieving gains.

Keywords:   Decision making, Emotion, Risk perception, Time perception
  

Many momentous choices—from long-term investments 
to split-second reactions in traffic—involve managing risks 
and benefits. Stakes are particularly high in later life as 
older adults may have limited physical, cognitive, and ma-
terial resources to recover from poor choices (Baltes, 1997; 
Depping & Freund, 2011). A growing body of literature has 
examined age differences in risky choices, broadly defined 
as decisions that entail uncertainty with respect to the va-
lence and probability of their outcomes, but results are in-
consistent across tasks and contexts (e.g., Mamerow et al., 
2016; Mata et al., 2011). In response, recent meta-analyses 
have examined potential moderators (Best & Charness, 
2015; Mata et al., 2011) and suggest that age effects de-
pend on whether risks are taken in order to obtain a gain or 

avoid a loss (Best & Charness, 2015). So far, such framing 
effects have been primarily examined in scenarios where 
information about relative risks is provided upfront (also 
referred to as decisions from description; Best & Charness, 
2015) and it is not clear whether or not they extend to 
scenarios that entail a learning component (i.e., decisions 
from experience; Mamerow et al., 2016; Mata et al., 2011). 
This question is of theoretical relevance, because framing 
may not only influence how we evaluate probabilities but 
also how we learn about them. It also has practical rele-
vance because many risky decisions in real-life contexts do 
not provide explicit information about risk levels.

To address this gap in the literature, we examined the 
effects of framing on younger and older adults’ responses 
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on the Balloon Analogue Risk Task (BART; Lejuez et al., 
2002). We choose the BART because it is a well-established 
measure of risky decision making from experience that has 
been linked to real-life risk-taking behaviors in a variety 
of contexts (e.g., Hopko et al., 2006; Lejuez et al., 2003; 
Seaman et al., 2015).

In the BART (Lejuez et al., 2002) participants pump a 
virtual balloon that may pop. They are compensated ac-
cording to the number of pumps. Within each trial, they 
can stop pumping and cash in at any time, but they lose all 
points accumulated for that trial if the balloon pops (Lejuez 
et  al., 2002). Consistent with the risk–reward trade-offs 
inherent to real-life decisions, participants do best if they 
balance their risk-taking and pump enough to reap most 
of the available points but stop before they trigger a pop. 
Further, because participants are not told about average 
balloon capacity, the task captures both initial risk-taking 
propensity and adjustments in pumping rates as experience 
accumulates.

Several studies have documented age differences in 
BART performance. Findings generally suggest that older 
adults reap lower earnings because they are more risk-
averse as reflected by fewer pumps and a greater propen-
sity to cash in on a given trial (Henninger et  al., 2010; 
Koscielniak et  al., 2016; Li et  al., 2017; Sproten et  al., 
2018; Wilson et al., 2021). This tendency appears to be es-
pecially pronounced early in the task and levels off in later 
trials (Rolison et al., 2012). Studies have also examined if 
age effects on the BART are susceptible to task character-
istics. So far, these efforts have focused on the role of bal-
loon capacity. Findings suggest that if balloon capacity only 
varies for the initial trials, it does not modulate age effects 
(Koscielniak et al., 2016), but, over the course of 20 trials, 
age effects in risk aversion are more pronounced for bal-
loons with higher capacity (i.e., 32 vs 16 maximum pumps; 
Mamerow et al., 2016).

Importantly, prior research suggests that BART perfor-
mance not only varies across age groups and by balloon 
capacity but also responds to framing. Specifically, previous 
studies have compared the standard gain-framed BART 
(G-BART), where pumps accrue points, to a loss-framed 
BART (L-BART), where pumps avoid losses (Benjamin & 
Robbins, 2007). Consistently, participants in the L-BART 
were shown to take greater risks than participants in the 
G-BART (Benjamin & Robbins, 2007; Wright & Rakow, 
2017). This is consistent with prospect theory (Tversky & 
Kahneman, 1981), which argues that people subjectively 
overvalue losses relative to gains and are therefore more 
willing to take risks in order to avoid losses than to ac-
quire gains. However, framing effects on the BART have 
only been examined in younger adults, and it is not clear 
whether they extend to older age groups.

Mata and Hertwig (2011) highlight two major theories 
of lifespan motivational development that differ in their 
predictions regarding age effects in gain- versus loss-framed 
risky choices. The first, Goal Orientation Theory (GOT; 
Ebner et  al., 2006), focuses on age-related limitations in 

resources that are thought to trigger motivational shifts 
from growth-oriented goals toward maintenance and loss 
prevention. The second, Socioemotional Selectivity Theory 
(SST; Carstensen et al., 1999), focuses on age-related lim-
itations in time horizons that are thought to prioritize 
present- over future-oriented goals.

Specifically, GOT argues that age-driven constraints on 
physical, cognitive, and social resources shift people’s goal 
orientation from resource acquisition to maintenance and 
loss prevention (Depping & Freund, 2011; Ebner et  al., 
2006). In other words, younger adults would be expected to 
focus on maximizing gains, whereas older adults focus on 
maintaining existing resources or minimizing losses. With 
respect to prospect theory, GOT suggests that older adults 
are even more likely than younger adults to overvalue 
losses relative to gains (Best & Charness, 2015; Mata & 
Hertwig, 2011), making them relatively more risk-avoidant 
in gain frames (i.e., fewer pumps) and more risk-seeking in 
loss frames (i.e., more pumps). Thus, the tendency of older 
adults to take less risk than younger adults (e.g., Henninger 
et al., 2010; Koscielniak et al., 2016) should be weaker in 
loss frames than in gain frames.

Conversely, SST theorizes that, with less perceived time 
left in life, older adults find lower utility in gathering in-
formation to prepare for an uncertain future and instead 
prioritize their affective well-being in the present moment 
(Carstensen et al., 1999). This entails focusing toward pos-
itive and away from negative aspects of the environment, 
a phenomenon known as the positivity effect (Reed & 
Carstensen, 2012), which has been documented in contexts 
such as affectively framed health messages (Notthoff et al., 
2016) and predecisional information-seeking (Löckenhoff 
& Carstensen, 2007). With respect to prospect theory, older 
adults’ emphasis on the positive would be expected to re-
duce the relative overvaluing of losses relative to gains that 
is seen in younger adults (Best & Charness, 2015; Mata 
& Hertwig, 2011), resulting in a tendency to be relatively 
more risk-seeking in gain frames (i.e., more pumps) and 
more risk-avoidant in loss frames (i.e., fewer pumps). Thus, 
the tendency of older adults to seek less risk than younger 
adults (e.g., Henninger et  al., 2010; Koscielniak et  al., 
2016) should be stronger in loss frames versus gain frames.

So far, the implications of gain versus loss framing for 
age differences in risky choices have been selectively exam-
ined in decisions from description. Consistent with GOT 
(Depping & Freund, 2011), a recent meta-analysis found 
that younger adults were more risk-seeking than older 
adults in positively framed scenarios, whereas no age dif-
ferences were found in negatively framed scenarios (Best 
& Charness, 2015). However, these effects were sensitive 
to moderators such as outcome amount and decision do-
main (Best & Charness, 2015) and it is not clear whether 
they extend to decisions from experience. On one hand, the 
age-related prioritization of loss prevention proposed by 
GOT (Depping & Freund, 2011) may persist across deci-
sion scenarios and types. On the other hand, GOT with its 
emphasis on decision outcomes may be more applicable to 
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decisions from description that explicitly spell out risk levels 
and payouts. SST, in contrast, has been linked to affective 
responses during the decision process itself (Löckenhoff, 
2018) that are likely to be more salient during decisions 
from experience. Specifically, the BART was found to be 
sensitive to both ambient- and task-related affective and 
physiological responses (Heilman et  al., 2010; Wright & 
Rakow, 2017). This would suggest a reversal of effects such 
that the age-related tendency toward risk aversion is more 
pronounced in loss frames.

Drawing on these considerations, the present study was 
designed to broaden our understanding of age differences in 
risky choices by comparing younger and older adults’ risk-
taking and performance on the G-BART versus the L-BART. 
Specifically, we preregistered the following hypotheses:

Hypothesis 1: Consistent with the prior literature 
on age effects in the BART (Henninger et  al., 2010; 
Koscielniak et al., 2016; Li et al., 2017; Sproten et al., 
2018; Wilson et  al., 2021) we predicted that BART 
responses would show a main effect of age such that 
younger as compared to older adults would take more 
risks (1a) and perform better as a result (1b).

Hypothesis 2: Consistent with prior literature on 
framing effects in general (Tversky & Kahneman, 
1981) and framing effects on the BART in particular 
(e.g., Benjamin & Robbins, 2007; Wright & Rakow, 
2017) we predicted that BART responses would show 
a main effect of frame such that participants who were 
pumping to avoid losing points on the L-BART would 
take more risks than participants who were pumping to 
gain points on the G-BART.

Hypothesis 3: As noted previously, GOT and SST offer 
divergent predictions with respect to age by frame inter-
actions. For the sake of parsimony, we based our hy-
potheses on the existing literature on age differences 
in risky choices which is heavily focused on decisions 
from description (Best & Charness, 2015). Following 
GOT, we therefore predicted that the age-related ten-
dency toward risk avoidance would be stronger for the 
G-BART as compared to the L-BART and that this pat-
tern would be observed for both risk-taking (3a) and 
performance (3b). Note that finding the opposite pat-
tern (i.e., a stronger age-related tendency toward risk 
avoidance for the L-BART vs the G-BART) would be 
supportive of SST.

Preregistered secondary analyses explored variations in 
task-related learning. Prior research suggests that com-
pared to younger adults, older adults not only take longer 
to learn new information (Schaie & Willis, 2021) but also 
show a positivity effect in their recall (Reed & Carstensen, 
2012). We therefore examined changes in performance 
from earlier to later trials, retrospective recall of pumping 
and popping rates, and retrospective estimates of balloon 
capacity.

Preregistered analyses also examined the specific mech-
anisms implicated by the different theoretical frameworks. 
For GOT, we examined self-reported goal preferences for 
growth versus maintenance goals. For SST, we examined 
future time perspective and subjective processing prefer-
ences favoring feelings over facts.

Finally, we preregistered a set of general covariates in-
cluding variables that were previously observed to be asso-
ciated with age and/or decision making (Löckenhoff, 2018; 
Schaie & Willis, 2021) including subjective physical and 
mental health, five-factor personality traits, as well as cog-
nitive strategies and abilities (i.e., self-rated cognition, need 
for cognition, working memory, and numeracy).

The primary hypotheses, plans for secondary analyses, 
and the list of covariates were preregistered at https://
aspredicted.org/7qj5p.pdf.

Method

Participants

The sample consisted of 129 younger adults (aged 18–30) 
and 125 older adults (aged 60–87), yielding a power of 
0.98 to detect medium-sized main and interaction effects 
(f  =  0.25) at α  =  0.05 for a 2 (age: young vs old) by 2 
(frame: gain vs loss) between-subjects analysis of variance 
(ANOVA; analysis conducted with G*Power; Faul et  al., 
2009). Seventeen percent participated via group-based lab-
oratory sessions; the remainder participated online. We ex-
ceeded the preregistered sample size of 200, but preliminary 
analyses examining the effects of age and framing on BART 
responses yielded the same pattern of significant effects 
across the preregistered and the full sample. Subsequent 
analyses therefore included the full sample. Supplement A 
provides the rationale for deviations from the preregistered 
recruitment plans as well as details on recruitment proced-
ures, attention checks, excluded participants, and partici-
pant compensation.

Table 1 (top) reports demographic characteristics. Age 
groups were comparable in gender and education but older 
adults reported higher income and were more likely to be 
non-Hispanic White than their younger counterparts (ps 
< .05).

Balloon Analogue Risk Task

We used an automatic version of the BART (Pleskac et al., 
2008) where participants preselected the desired number 
of pumps. To retain perceptual aspects of the standard 
task, each pump was shown to gradually inflate a pre-
view of a virtual balloon (see Figure 1). After participants 
pressed a “collect” button, they were shown an anima-
tion in which the balloon was automatically inflated to 
the desired size, resulting either in a pop (visualized as the 
balloon blowing up) or a nonpop (visualized as the bal-
loon bopping in place). This design allowed us to obtain 
data on the desired number of pumps from all trials, not 
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just the trials without pops. Framing was implemented 
following Benjamin and Robbins (2007) such that each 
pump either resulted in gaining points (G-BART, Figure 1, 
top) or avoiding lost points (L-BART, Figure 1, bottom). 
There were 20 trials and balloons had a maximum ca-
pacity of 50 pumps. For further details including prac-
tice trials, pilot testing, and performance incentives, see 
Supplement B.

For each trial, we logged the number of pumps and 
the outcome (pop vs nonpop). We computed the average 
number of pumps per trial, the total number of pops, and 
the total score (summing the number of pumps on nonpop 
trials). As preregistered, outliers were winsorized at 3 SD 
above/below the mean.

A manipulation check asked participants whether they 
were focused more on gaining points or on avoiding popped 

balloons, using a slider scale from −5 to 5 with higher 
scores indicating a focus on gains. To assess task-specific 
memory, participants were asked to recall how many times 
they pumped on average for each balloon and how many 
of the 20 balloons popped. We also assessed estimated bal-
loon capacity, asking participants after how many pumps 
the balloons usually popped. Based on these responses, we 
computed bias scores. Specifically, we subtracted the actual 
number of pumps and pops from the recalled number and 
we subtracted the actual average capacity (i.e., 25 pumps) 
from the estimated capacity. Thus, higher scores indicate 
overestimation and lower scores indicate underestimation.

Measures

Subjective health and cognition were screened by asking 
participants to rate their physical health, emotional health, 
learning ability, and memory on 5-point Likert scales from 
1 = poor to 5 = excellent.

Current affect at baseline was screened by asking parti-
cipants to rate their current affective state with respect to 
valence (1 = very negative to 7 = very positive) and arousal 
(1 = very quiet or still to 7 = very activated and aroused; 
adapted from Nielsen et al., 2008).

Future time perspective was measured using the Future 
Time Perspective scale, a 10-item, 7-point Likert-style 
rating scale (α = 0.89) asking participants to rate perceived 
time and opportunities left in their lives (Carstensen & 
Lang, 1996). Higher scores indicate a more expansive time 
perspective.

Goal preferences were screened with respect to growth 
versus maintenance preferences (“In planning your life and 
pursuing your goals, are you more focused on maintaining 
something/preventing a loss OR more focused on improving 
something/achieving something new?”; derived from Ebner 
et al., 2006) and with respect to fact-based versus affective/
intuitive preferences (“In planning your life and pursuing 
your goals, do you rely more on your feelings and intui-
tion OR more on analyzing the specific facts and details?”; 
Nolte & Löckenhoff, 2021). Reponses ranged from −5 to 5 
on a slider scale with higher scores indicating a preference 
for growth and fact-based preferences, respectively.

Personality was screened using a 10-item short version 
of the Big Five Inventory (Rammstedt & John, 2007). Two 
items each assessed neuroticism, extraversion, openness to 
experience, agreeableness, and conscientiousness from 1 
(strongly disagree) to 5 (strongly agree).

Need for cognition was assessed using a three-question 
short scale (α  =  0.84; Bizer et  al., 2000) assessing parti-
cipants’ preference for thinking and cognitive engagement 
from 1 = strongly disagree to 5 = strongly agree.

Numeracy was assessed with the three-item Lipkus nu-
meracy scale (Lipkus et al., 2001, α = 0.56).

Working memory was assessed using a two-back task 
(Ragland et  al., 2002). A  sequence of letters was shown 
to the participant at the rate of one letter per second. 

Figure 1.  Sample screenshots for the pumping phase of the Balloon 
Analogue Risk Task (BART) showing the gain frame (top) and the loss 
frame (bottom). Participants pressed “pump” to indicate the desired 
number of pumps. Pumps were visualized by both the increasing size 
of the shaded balloon and by the scale on the left. Participants pressed 
“collect” to have the computer automatically implement the desired 
number of pumps resulting in either a pop or a nonpop. Trial number 
and cumulative points were shown at the top. Complete instructions 
are provided in Supplement B.
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Participants were asked to indicate whether the letter on 
the current trial was the same or different as the one shown 
two trials ago. There were 40 trials and we computed the 
number of correct responses across all trials.

Procedure

After providing informed consent, participants completed 
the experimental tasks in a group-based laboratory set-
ting or in a self-administered online format (for details, see 
Supplement A and B). They first completed demographic 
questions and rated their current affect, subjective health 
and cognition, personality traits, need for cognition, future 
time perspective, and goal preferences. Next, they were 
randomly assigned to complete either the G-BART or the 
L-BART. Afterwards, they completed the manipulation 
check and task-specific memory items. Finally, they com-
pleted the n-back (skipped in the survey sample) and the 
numeracy items.

Results

Balloon Analogue Risk Task

On average, participants pumped 20.42 times on each trial 
(SD = 7.31) and scored 195.48 total points (SD = 60.72). 
The manipulation check indicated that the self-reported 
focus on gaining points (vs avoiding popped balloons) was 
stronger in the gain condition (M = 0.24, SD = 3.01) than 
in the loss condition (M = −0.97, SD = 2.77, t(252) = 3.33, 
p < .001) and this pattern did not differ significantly by age. 
Thus, the instructional framing intervention was successful 
in both age groups.

To examine the preregistered hypotheses about age and 
framing effects on the BART, we conducted age group 
(young vs old) by frame (loss vs gain) between-subject 
ANOVAs. Table 2 (top) shows the average pumps per trial 
and the total BART score by age group and frame. For av-
erage pumps, there were no main effects of age or frame. 
Thus, Hypotheses H1a and H2 were not supported. There 
was a significant age by frame interaction (see Figure 2, 
top), but it did not support H3a, which predicted larger 
age differences in the gain versus the loss frame. Instead, 
Bonferroni-corrected post hoc tests (see Table 2) revealed 
that there were significant age differences in the loss frame 
(with older adults pumping more frequently than younger 
adults), but there were no significant age differences in the 
gain frame. In addition, pump counts differed significantly 
across frames for older adults (with older adults showing 
higher pump counts in the loss vs the gain frame), but they 
did not differ for younger adults (all ps < .05). For the 
total BART score, there were no significant main effects or 
interactions (all ps > .05). Thus, we found no support for 
Hypotheses 1b and 3b. Bayesian analyses examining the 
preregistered hypotheses yielded convergent results and are 
reported in Supplementary Table S1. Ta
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The finding that significant differences in pumping pat-
terns did not yield significant differences in total scores was 
unexpected. We therefore conducted supplemental, not 
preregistered analyses examining the number of popped 
balloons. There were no significant main effects of age or 
frame, but there was a significant age by frame interaction 
(see Table 2, bottom and Figure 2, bottom). Bonferroni-
corrected post hoc tests found that in the loss frame, older 
adults triggered significantly more pops than younger adults 
(p < .01), whereas the number of pops did not differ signif-
icantly by age in the gain condition. Thus, older adults’ in-
creased pumping in the loss condition did not yield higher 
total scores because they pumped too much, resulting in 
more frequent pops.

As preregistered, secondary analyses examined whether 
the effects of age and frame on pumping patterns varied 
over the course of the task. We conducted an age group 
(young vs old, between-subject) by frame (loss vs gain, 
between-subject) by trial block (trials 1–5, 6–10, 11–15, 
16–20, within-subject) ANOVA with average pumps per 
trial as the dependent variable. Greenhouse–Geisser correc-
tions addressed deviations from sphericity. The age group 
by frame interaction that had been found in the between-
subjects analyses remained significant, F(1, 250)  =  9.98, 
p = .002, η 2p = 0.04. In addition, there was a significant age 
group by trial block interaction, F(2.62, 656.00)  =  5.82, 
p  =  .001, η 2p  =  0.02, indicating that age differences in 
pumping rates were most pronounced within the first block 
of five trials and leveled off in the remaining blocks (see 
Supplementary Figure S1). There were no other significant 
main effects or interactions (all ps > .10).

As preregistered, we examined memory biases for the 
BART as possible contributors to the observed age by 
framing effects. One-sample t tests comparing average 
bias scores to zero indicated that participants significantly 
underrecalled their pump counts (M = −1.48, SD = 6.21, 
t(251)  =  3.78, p < .001), significantly overrecalled the 
number of pops (M  =  1.27, SD  =  6.27, t(241)  =  3.16, 
p  =  .002), and significantly underestimated balloon ca-
pacity (M = −8.79, SD = 9.30, t(241) = 14.71, p < .001). 
We conducted age group (young vs old) by frame (loss 
vs gain) between-subject ANOVAs with bias scores as 
the dependent variables. This revealed significant main 
effects of frame indicating that participants were more 
likely to underrecall their pump counts in the gain frame 
(M = −2.64, SD = 4.36) than in the loss frame (M = −0.28, 
SD  =  7.49, F(1, 252)  =  9.21, p < .01, η 2p  =  0.04), more 
likely to overrecall the number of pops in the loss frame 
(M = 2.61, SD = 8.33) than in the gain frame (M = 0.00, 
SD = 2.78, F(1, 242) = 11.06, p < .01, η 2p = 0.04), and more 
likely to underestimate balloon capacity in the gain frame 
(M = −11.15, SD = 7.76) than in the loss frame (M = −6.32, 
SD = 10.14, F(1, 242) = 17.94, p < .001, η 2p = 0.07). Main 
effects of age group and age by frame interactions were 
not significant (all ps > .05). When the bias scores were 
included as covariates in the ANOVAs reported in Table 
2, the pattern of results remained unchanged: The age by 
frame interaction for average pumps and number of pops 
remained significant (all ps < .05), all other effects remained 
nonsignificant. In combination, this indicates that although 
memory biases were present and varied across frames, they 
did not differ by age and did not account for age by framing 
effects in BART performance.

Covariates

Table 1 (left columns) reports age differences in the pre-
registered demographics and socioemotional, health, 
personality, and cognitive covariates (for the full intercor-
relation matrix of covariates and dependent variables, see 

Figure 2.  Effects of age and frame on Balloon Analogue Risk Task 
(BART) pumping rates (top) and balloon pops (bottom).
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Supplementary Table S2). Age differences were largely con-
sistent with the general aging literature (Schaie & Willis, 
2021). Compared to younger adults, older adults reported 
significantly more limited future horizons and a reduced 
preference for growth versus maintenance goals, but age 
groups did not differ in preferences for information- versus 
affect-focused reasoning. In terms of emotional well-being, 
older adults reported significantly better emotional health 
than younger adults and their current affective state was 
more positive in valence and higher in arousal. Somewhat 
surprisingly, older adults also reported slightly better sub-
jective physical health than their younger counterparts. 
With respect to personality, older adults reported higher 
levels of extraversion, agreeableness, and conscientious-
ness but lower levels of neuroticism than younger adults, 
whereas age groups did not differ in openness or need for 
cognition. Finally, following broad age trends toward dec-
rements in fluid cognition (Schaie & Willis, 2021), older 
adults reported significantly lower self-rated learning 
ability and memory and scored lower on both numeracy 
and working memory (all ps < .05).

As seen in Table 1 (right columns) associations be-
tween covariates and BART performance were limited. 
Participants who pumped more frequently reported higher 
income, higher education, better self-rated physical health, 
higher affective valence/arousal, and scored higher in need 
for cognition. Total scores on the BART, in turn, were se-
lectively associated with higher numeracy scores (ps < .05).

To examine whether any of the covariates could account 
for the observed pattern of age effects on the BART, we con-
ducted analyse of covariance that tested our preregistered 
hypotheses about age and framing effects in average pumps 
and total scores while controlling for potential covariates. 
Variables in Table 1 that showed associations with both 
age and BART performance were added as covariates. For 
pumping rates, the age by frame interaction remained sig-
nificant (p < .05) and the main effects of age and frame 
remained nonsignificant even when the potential covariates 
(income, self-rated physical health, affective valence, and 
affective arousal) were included simultaneously or one at 
a time. For total BART scores, in turn, no significant main 
or interaction effects emerged even after controlling for nu-
meracy. Thus, results remained robust after controlling for 
covariates.

Discussion
To the best of our knowledge, this is the first study to ex-
amine the effects of gain versus loss framing on age dif-
ferences in the BART. When simultaneously considering 
the effects of framing and age, we did not find the previ-
ously reported main effects of age (Hypothesis 1a, 1b) and 
framing (Hypothesis 2). Instead we found a significant age 
by frame interaction. Specifically, loss framing did not just 
attenuate the age-related tendency to take less risk that had 
been previously observed for the G-BART (e.g., Henninger 

et al., 2010; Sproten et al., 2018, see Hypothesis 3a, 3b); 
loss framing actually reversed the age pattern such that 
older adults took significantly greater risks than younger 
adults in the L-BART.

From a theoretical perspective, this finding is consistent 
with GOT, which proposes that age-related limitations in 
resources trigger a shift from growth-oriented goals to-
ward maintenance and loss prevention (Ebner et al., 2006), 
making older adults more susceptible to the framing effect 
proposed by prospect theory (Mata & Hertwig, 2011). 
Conversely, our results do not show any evidence of an age-
related positivity effect (Reed & Carstensen, 2012), which 
would manifest itself as reduced sensitivity to framing 
among older adults (Mata & Hertwig, 2011). However, as 
suggested by one astute reviewer, there is an alternative in-
terpretation of our results that would be consistent with the 
prediction of SST that older adults are more focused on af-
fective well-being in the present moment (Carstensen et al., 
1999). Given that the initial affective state is likely to be 
more positive in the G-BART (which promises gains) than 
in the L-BART (which threatens losses), older adults may 
be less likely to pump in the G-BART because it jeopardizes 
their current positive mood and more likely to pump in the 
L-BART because it may avoid losses and thus function as 
a mood repair strategy. Future studies could explore this 
possibility by tracking affective dynamics over the course 
of the task.

Interestingly, even though older adults took more risk 
on the L-BART, as seen in their higher average pumping 
rates, they did not achieve higher total scores because they 
also popped more balloons. In other words, older adults 
may have placed so much emphasis on loss avoidance that 
they took too much risk and made suboptimal decisions. 
Interestingly, when examining patterns of age effects over 
the course of the 20 trials, age differences were most pro-
nounced in the first block of trials, suggesting that older 
adults were able to flexibly adjust their strategies in re-
sponse to feedback.

The present study also adds to the literature by exam-
ining age differences in memory accuracy for the BART. We 
found that participants underrecalled how often they had 
pumped and overrecalled how many balloons had popped. 
In addition, participants underestimated average balloon 
capacity. These biases varied by framing such that parti-
cipants in the gain frame were more likely to underrecall 
pumping and balloon capacity and participants in the loss 
frame were more likely to overrecall pops. Thus, framing 
appears to influence participants’ estimates of risk and 
benefit in decisions by experience. Regardless of framing, 
however, older adults were as accurate as younger adults in 
recalling their experiences during the task. This may have 
helped them to successfully downregulate their initial ten-
dency to overpump in the L-BART.

We also examined a range of theoretically implicated 
covariates. Our sample showed fairly typical age differences 
in affective valence and well-being, personality, cognition, 
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future time perspective, and goal orientation (Willis et al., 
1999). This indicates that the sample adequately represents 
normal, healthy older and younger adults. However, none 
of the covariates mapping onto SST or GOT (i.e., future 
time perspective, processing preferences, and goal orienta-
tion) were significantly associated with BART outcomes. 
Furthermore, the central pattern of age by frame inter-
actions on the BART remained the same when controlling 
for covariates. In part, this lack of covariate effects may be 
due to our reliance on single-item self-report screeners for 
many of the individual-difference measures. Although this 
had the benefit of being able to account for a wide range of 
potential correlates, future studies should assess key con-
cepts such as goal priorities and affect via multi-item meas-
ures tapping into both explicit and implicit components.

There are several other limitations to the present study 
that also necessitate further research. First, the study ex-
cluded middle-aged participants. Thus, we were not able to 
observe potential curvilinear trajectories (Guttman et  al., 
2021; Rolison et al., 2014). Second, we utilized an auto-
matic version of the BART. Future studies should repli-
cate our findings across a wider range of BART versions. 
Further, pumping to gain points on the G-BART may have 
been more intuitive than pumping to avoid points on the 
L-BART. It is therefore reassuring that the manipulation 
check was equally successful in both age groups. More 
broadly, the BART is just one representative of experience-
based risky choices. Given that previous research on risk 
preferences shows low convergence across behavioral 
measures (e.g., Frey et al., 2017; Mata et al., 2011), future 
research should examine how age differences in framing 
effects play out in other decisions from experience, such 
as the Iowa Gambling Task (Singh & Khan, 2012) and the 
Columbia Card Task (Figner et al., 2009). Future studies 
would also benefit from directly comparing decisions from 
experience to decisions from description. In terms of gener-
alizability, the present findings are limited to a laboratory 
and online survey setting. Even though participants were 
given a monetary incentive toward better performance, 
and even though BART performance has been associated 
with real-world risk-taking (Lejuez et al., 2002, 2003), it 
does not approach the intensity and complexity of real-
life choices. Thus, further studies should examine whether 
older adults’ exacerbated loss aversion translates into more 
realistic settings.

If corroborated by future studies, our findings have 
potential implications for designing choice architecture 
for realistic settings. Those who advise others in making 
decisions—from family members to financial consultants 
and health care providers—should be aware that people of 
different ages may vary in their responses to such framing. 
Specifically, older adults may be more susceptible to loss-
framed messages. While this can be helpful in “nudging” in-
dividuals toward somewhat risky but potentially beneficial 
choices (such as joint replacement surgery; Hudak et  al., 
2002), it could also be instrumentalized to lure older adults 

toward suboptimal decisions. For instance, the common 
strategy of conjuring up bogus financial threats to peddle 
shady investment schemes may work particularly well 
on older victims (Burnes et al., 2017). Thus, even though 
framing appears to retain or even expand its impact on 
risky decisions from experience across the adult life span, 
it should be employed judiciously to avoid overreactions.
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Gerontology, Series B: Psychological Sciences and Social 
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Funding
This work was supported by Cornell’s Human Ecology 
Alumni Association; Cornell’s Laboratory for Experimental 
Economic Decision Research; and the National Institute on 
Aging at the National Institutes of Health (R01AG068093).

Conflict of Interest
None declared.

Acknowledgments
This work is based on the honors thesis of A. T. Schulman 
supervised by A. W. Chong and C. E. Löckenhoff. We thank 
members of the Healthy Aging Laboratory for their help in 
piloting, recruiting community participants, and for pro-
viding feedback on the manuscript. We thank Eve DeRosa 
for help, guidance, and mentorship and Adam Anderson 
for serving as a minor committee member. A. T. Schulman 
is now at Rutgers Robert Wood Johnson Medical School. 
A.  W. Chong is now at Facebook. The Department of 
Human Development has now merged with the Department 
of Psychology. Hypotheses, variables, sample, and analysis 
plan were preregistered at https://aspredicted.org/7qj5p.
pdf. Data and syntax are available from the corresponding 
author upon request.

References
Baltes, P. B. (1997). On the incomplete architecture of human on-

togeny—Selection, optimization, and compensation as foun-
dation of developmental theory. American Psychologist, 52(4), 
366–380. doi:10.1037/0003-066X.52.4.366

Benjamin, A. M., & Robbins, S. J. (2007). The role of framing effects 
in performance on the Balloon Analogue Risk Task (BART). 
Personality and Individual Differences, 43(2), 221–230. 
doi:10.1016/j.paid.2006.11.026

Best,  R., & Charness,  N. (2015). Age differences in the effect of 
framing on risky choice: A meta-analysis. Psychology and Aging, 
30(3), 688–698. doi:10.1037/a0039447

1828� Journals of Gerontology: PSYCHOLOGICAL SCIENCES, 2022, Vol. 77, No. 10

Copyedited by: AS

https://aspredicted.org/7qj5p.pdf
https://aspredicted.org/7qj5p.pdf
https://doi.org/10.1037/0003-066X.52.4.366
https://doi.org/10.1016/j.paid.2006.11.026
https://doi.org/10.1037/a0039447


Bizer, G. Y., Krosnick, J. A., Petty, R. E., Rucker, D. D., Wheeler, S. C. 
(2000). Need for cognition and need to evaluate in the 1998 
National Election Survey Pilot Study. Report to the Board of 
Overseers for the National Election Studies. American National 
Election Studies.

Burnes, D., Henderson, C. R., Sheppard, C., Zhao, R., Pillemer, K., 
& Lachs, M. S. (2017). Prevalence of financial fraud and scams 
among older adults in the United States: A  systematic review 
and meta-analysis. American Journal of Public Health, 107(8), 
e13–e21. doi:10.2105/AJPH.2017.303821

Carstensen, L. L., Isaacowitz, D. M., & Charles, S. T. (1999). Taking 
time seriously—A theory of socioemotional selectivity. American 
Psychologist, 54(3), 165–181. doi:10.1037/0003-066X.54.3.165

Carstensen,  L.  L., & Lang,  F.  R. (1996). Future time perspective 
scale. Stanford University.

Depping, M. K., & Freund, A. M. (2011). Normal aging and de-
cision making: The role of motivation. Human Development, 
54(6), 349–367. doi:10.1159/000334396

Ebner, N. C., Freund, A. M., & Baltes, P. B. (2006). Developmental 
changes in personal goal orientation from young to late 
adulthood: From striving for gains to maintenance and pre-
vention of losses. Psychology and Aging, 21(4), 664–678. 
doi:10.1037/0882-7974.21.4.664

Faul, F., Erdfelder, E., Buchner, A., & Lang, A.-G. (2009). Statistical 
power analyses using G*Power 3.1: Tests for correlation and 
regression analyses. Behavior Research Methods, 41(4), 1149–
1160. doi:10.3758/BRM.41.4.1149

Figner, B., Mackinlay, R. J., Wilkening, F., & Weber, E. U. (2009). 
Affective and deliberative processes in risky choice: Age dif-
ferences in risk taking in the Columbia Card Task. Journal of 
Experimental Psychology: Learning, Memory and Cognition, 
35(3), 709–730. doi:10.1037/a0014983

Frey, R., Pedroni, A., Mata, R., Rieskamp, J., & Hertwig, R. (2017). 
Risk preference shares the psychometric structure of major 
personality traits. Science Advances, 3(10), 1–13. doi:10.1126/
sciadv.1701381

Guttman,  Z.  R., Ghahremani,  D.  G., Pochon,  J.-B., Dean,  A.  C., 
& London, E. D. (2021). Age influences loss aversion through 
effects on posterior cingulate cortical thickness. Frontiers in 
Neuroscience, 15, 673106. doi:10.3389/fnins.2021.673106

Heilman,  R.  M., Crişan,  L.  G., Houser,  D., Miclea,  M., & 
Miu, A. C. (2010). Emotion regulation and decision making 
under risk and uncertainty. Emotion, 10(2), 257–265. 
doi:10.1037/a0018489

Henninger, D. E., Madden, D. J., & Huettel, S. A. (2010). Processing 
speed and memory mediate age-related differences in decision 
making. Psychology and Aging, 25(2), 262–270. doi:10.1037/
a0019096

Hopko,  D.  R., Lejuez,  C.  W., Daughters,  S.  B., Aklin,  W.  M., 
Osborne, A., Simmons, B. L., & Strong, D. R. (2006). Construct 
validity of the Balloon Analogue Risk Task (BART): Relationship 
with MDMA use by inner-city drug users in residential treat-
ment. Journal of Psychopathology & Behavioral Assessment, 
28(2), 95–101. doi:10.1007/s10862-006-7487-5

Hudak,  P.  L., Clark,  J.  P., Hawker,  G.  A., Coyte,  P.  C., 
Mahomed, N. N., Kreder, H. J., & Wright, J. G. (2002). “You’re 
perfect for the procedure! Why don’t you want it?” Elderly ar-
thritis patients’ unwillingness to consider total joint arthroplasty 

surgery: A  qualitative study. Medical Decision Making, 22(3), 
272–278. doi:10.1177/02789x02022003009

Koscielniak, M., Rydzewska, K., & Sedek, G. (2016). Effects of age 
and initial risk perception on Balloon Analog Risk Task: The 
mediating role of processing speed and need for cognitive closure. 
Frontiers in Psychology, 7, 659. doi:10.3389/fpsyg.2016.00659

Lejuez,  C.  W., Aklin,  W.  M., Jones,  H.  A., Richards,  J.  B., 
Strong, D. R., Kahler, C. W., & Read, J. P. (2003). The Balloon 
Analogue Risk Task (BART) differentiates smokers and 
nonsmokers. Experimental and Clinical Psychopharmacology, 
11(1), 26–33. doi:10.1037/1064-1297.11.1.26

Lejuez, C. W., Read, J. P., Kahler, C. W., Richards, J. B., Ramsey, S. E., 
Stuart, G. L., Strong, D. R., & Brown, R. A. (2002). Evaluation 
of a behavioral measure of risk taking: The Balloon Analogue 
Risk Task (BART). Journal of Experimental Psychology. Applied, 
8(2), 75–84. doi:10.1037/1076-898X.8.2.75

Li, L., Cazzell, M., Zeng, L., & Liu, H. (2017). Are there gender dif-
ferences in young vs aging brains under risk decision-making? 
An optical brain imaging study. Brain Imaging and Behavior, 
11(4), 1085–1098. doi:10.1007/s11682-016-9580-z

Lipkus,  I.  M., Samsa,  G., & Rimer,  B.  K. (2001). General 
performance on a numeracy scale among highly edu-
cated samples. Medical Decision Making, 21(1), 37–44. 
doi:10.1177/0272989X0102100105

Löckenhoff, C. E. (2018). Aging and decision-making: A conceptual 
framework for future research—A mini-review. Gerontology, 
64(2), 140–148. doi:10.1159/000485247

Löckenhoff, C. E., & Carstensen, L. L. (2007). Aging, emotion, and 
health-related decision strategies: Motivational manipulations 
can reduce age differences. Psychology and Aging, 22(1), 134–
146. doi:10.1037/0882-7974.22.1.134

Mamerow, L., Frey, R., & Mata, R. (2016). Risk taking across the 
life span: A  comparison of self-report and behavioral meas-
ures of risk taking. Psychology and Aging, 31(7), 711–723. 
doi:10.1037/pag0000124

Mata,  R., & Hertwig,  R. (2011). How to model age-related mo-
tivational reorientations in risky choice. Human Development, 
54(6), 368–375. doi:10.1159/000334943

Mata,  R., Josef,  A.  K., Samanez-Larkin,  G.  R., & Hertwig,  R. 
(2011). Age differences in risky choice: A  meta-analysis. 
Annals of the New York Academy of Sciences, 1235, 18–29. 
doi:10.1111/j.1749-6632.2011.06200.x

Nielsen,  L., Knutson,  B., & Carstensen,  L.  L. (2008). Affect dy-
namics, affective forecasting, and aging. Emotion, 8(3), 318–
330. doi:10.1037/1528-3542.8.3.318

Nolte, J., & Löckenhoff, C. E. (2021). Is reliance on the affect heu-
ristic associated with age? The Journals of Gerontology, Series 
B: Psychological Sciences and Social Sciences, 77(3), 482–492. 
doi:10.1093/geronb/gbab126

Notthoff, N., Klomp, P., Doerwald, F., & Scheibe, S. (2016). Positive 
messages enhance older adults’ motivation and recognition 
memory for physical activity programmes. European Journal of 
Ageing, 13(3), 251–257. doi:10.1007/s10433-016-0368-1

Pleskac,  T.  J., Wallsten,  T.  S., Wang,  P., & Lejuez,  C.  W. (2008). 
Development of an automatic response mode to improve the 
clinical utility of sequential risk-taking tasks. Experimental and 
Clinical Psychopharmacology, 16(6), 555–564. doi:10.1037/
a0014245

Journals of Gerontology: PSYCHOLOGICAL SCIENCES, 2022, Vol. 77, No. 10� 1829

Copyedited by: AS

https://doi.org/10.2105/AJPH.2017.303821
https://doi.org/10.1037/0003-066X.54.3.165
https://doi.org/10.1159/000334396
https://doi.org/10.1037/0882-7974.21.4.664
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.1037/a0014983
https://doi.org/10.1126/sciadv.1701381
https://doi.org/10.1126/sciadv.1701381
https://doi.org/10.3389/fnins.2021.673106
https://doi.org/10.1037/a0018489
https://doi.org/10.1037/a0019096
https://doi.org/10.1037/a0019096
https://doi.org/10.1007/s10862-006-7487-5
https://doi.org/10.1177/02789x02022003009
https://doi.org/10.3389/fpsyg.2016.00659
https://doi.org/10.1037/1064-1297.11.1.26
https://doi.org/10.1037/1076-898X.8.2.75
https://doi.org/10.1007/s11682-016-9580-z
https://doi.org/10.1177/0272989X0102100105
https://doi.org/10.1159/000485247
https://doi.org/10.1037/0882-7974.22.1.134
https://doi.org/10.1037/pag0000124
https://doi.org/10.1159/000334943
https://doi.org/10.1111/j.1749-6632.2011.06200.x
https://doi.org/10.1037/1528-3542.8.3.318
https://doi.org/10.1093/geronb/gbab126
https://doi.org/10.1007/s10433-016-0368-1
https://doi.org/10.1037/a0014245
https://doi.org/10.1037/a0014245


Ragland,  J.  D., Turetsky,  B.  I., Gur,  R.  C., Gunning-Dixon,  F., 
Turner,  T., Schroeder,  L., Chan,  R., & Gur,  R.  E. (2002). 
Working memory for complex figures: An fMRI comparison of 
letter and fractal n-back tasks. Neuropsychology, 16(3), 370–
379. doi:10.1037//0894-4105.16.3.370

Rammstedt, B., & John, O. P. (2007). Measuring personality in one 
minute or less: A 10-item short version of the Big Five Inventory 
in English and German. Journal of Research in Personality, 41, 
203–212. doi:10.1016/j.jrp.2006.02.001

Reed, A. E., & Carstensen, L. L. (2012). The theory behind the age-
related positivity effect. Frontiers in Psychology, 3. doi:10.3389/
fpsyg.2012.00339

Rolison,  J.  J., Hanoch,  Y., & Wood,  S. (2012). Risky deci-
sion making in younger and older adults: The role of 
learning. Psychology and Aging, 27(1), 129–140. doi:10.1037/
a0024689

Rolison, J. J., Hanoch, Y., Wood, S., & Liu, P.-J. (2014). Risk-taking 
differences across the adult life span: A  question of age and 
domain. The Journals of Gerontology, Series B: Psychological 
Sciences and Social Sciences, 69(6), 870–880. doi:10.1093/
geronb/gbt081

Schaie,  K.  W., & Willis,  S.  L. (Eds.). (2021). Handbook of the 
psychology of aging (9th ed.). Academic Press. doi:10.1016/
C2012-0-07221-3

Seaman, K. L., Stillman, C. M., Howard, D. V., & Howard, J. H. (2015). 
Risky decision-making is associated with residential choice in 

healthy older adults. Frontiers in Psychology, 6. doi:10.3389/
fpsyg.2015.01192

Singh, V., & Khan, A. (2012). Decision making in the reward and 
punishment variants of the Iowa Gambling Task: Evidence of 
“foresight” or “framing”? Frontiers in Neuroscience, 6, 107. 
doi:10.3389/fnins.2012.00107

Sproten, A. N., Diener, C., Fiebach, C. J., & Schwieren, C. (2018). 
Decision making and age: Factors influencing decision making 
under uncertainty. Journal of Behavioral and Experimental 
Economics, 76, 43–54. doi:10.1016/j.socec.2018.07.002

Tversky, A., & Kahneman, D. (1981). The framing of decisions and 
the psychology of choice. Science, 211, 453–458. doi:10.1126/
science.7455683

Willis,  S.  L., Dolan,  M.  M., & Bertrand,  R.  M. (1999). Problem 
solving on health-related tasks of daily living. In D.  C.  Park, 
R. W. Morrell, & K.  Shifren (Eds.), Processing of medical in-
formation in aging patients: Cognitive and human factors 
perspectives (pp. 199–219). Lawrence Erlbaum Associates 
Publishers. doi:10.4324/9781410601070

Wilson, J. M., Sevi, B., Strough, J., & Shook, N. J. (2021). Age differ-
ences in risk taking: Now you see them, now you don’t. Aging, 
Neuropsychology, and Cognition. doi:10.1080/13825585.2021
.1885608

Wright, R. J., & Rakow, T. (2017). Don’t sweat it: Re-examining the 
somatic marker hypothesis using variants of the Balloon Analogue 
Risk Task. Decision, 4(1), 52–65. doi:10.1037/dec0000055

1830� Journals of Gerontology: PSYCHOLOGICAL SCIENCES, 2022, Vol. 77, No. 10

Copyedited by: AS

https://doi.org/10.1037//0894-4105.16.3.370
https://doi.org/10.1016/j.jrp.2006.02.001
https://doi.org/10.3389/fpsyg.2012.00339
https://doi.org/10.3389/fpsyg.2012.00339
https://doi.org/10.1037/a0024689
https://doi.org/10.1037/a0024689
https://doi.org/10.1093/geronb/gbt081
https://doi.org/10.1093/geronb/gbt081
https://doi.org/10.1016/C2012-0-07221-3
https://doi.org/10.1016/C2012-0-07221-3
https://doi.org/10.3389/fpsyg.2015.01192
https://doi.org/10.3389/fpsyg.2015.01192
https://doi.org/10.3389/fnins.2012.00107
https://doi.org/10.1016/j.socec.2018.07.002
https://doi.org/10.1126/science.7455683
https://doi.org/10.1126/science.7455683
https://doi.org/10.4324/9781410601070
https://doi.org/10.1080/13825585.2021.1885608
https://doi.org/10.1080/13825585.2021.1885608
https://doi.org/10.1037/dec0000055

	Supplementary Material
	Procedure
	Measures
	Balloon Analogue Risk Task
	Participants

	Discussion
	Covariates

	Results
	Method

