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Advanced age predicts increased susceptibility to
attribute, goal, and risky-choice framing in negative
frame valences
Lance Xu 1✉

The framing effect has been extensively studied in the context of attribute, goal, and risky-

choice framing, revealing its significant impact on decision-making. However, the interplay

between age and the framing effect remains relatively unexplored, and existing findings are

inconclusive and conflicting. Addressing this gap, this study investigates the influence of age

on all three types of framing using a large cohort of participants (N= 696). The Johnson-

Neyman technique was employed to examine the effect across a continuous range of ages.

The analysis demonstrated that advanced age significantly increased susceptibility to the

framing effect. Moreover, it was found that this susceptibility primarily manifests in response

to negative frames across all framing types. These findings not only align with the socio-

emotional selectivity theory and dual-process model but also underscore the importance of

affect heuristics in decision-making among older adults. By offering a robust examination of

all three types of framing and their interactions with age, this study provides a theoretical

foundation for the role of age as a potential moderator in framing contexts. These findings

may therefore inform the development of targeted strategies to mitigate the impact of the

framing effect on elderly populations.
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Introduction

As society continues to expand rapidly, the population of
older adults is continually rising, leading to heightened
responsibilities in making critical decisions that can sub-

stantially impact their health, finances, and other aspects of their
lives. A significant proportion of these decisions will be subject to
the influence of the framing effect, a well-known cognitive bias
where the presentation of information shapes an individual’s
perception and evaluation of that information (Tversky and
Kahneman, 1981). Given the utmost significance and pervasive-
ness of the framing effect in everyday decision-making, it is
imperative to gather more information to ascertain how aging
affects susceptibility to this cognitive bias.

In healthcare specifically, older adults have been found to make
immediate decisions related to healthcare decisions compared to
younger adults, who were more methodical and felt that more
information was needed to make an informed opinion (Meyer
et al., 1995). This does not include about half of older inpatients
in acute hospitals affected with dementia and delirium, which
would cloud their judgment about healthcare decisions and make
the framing effect more prominent in their choices to undergo
treatment or select from options of treatments (Khizar and
Harwood, 2017). In addition, older adults have been shown to
have lower cognitive flexibility than younger adults, suggesting
that older adults take longer and more cognitive brainpower to
switch their selection to the new optimal choice (Kupis et al.,
2021).

Psychologists classify framing into three primary types: Attri-
bute framing, goal framing, and risky-choice framing (Levin et al.,
1998). Risky-choice framing was first introduced by Tversky &
Kahneman’s pioneering study in 1981. The prototypical problem
involved choices between a riskless and risky choice with the
same expected value framed in either positive terms or negative
terms (Levin et al., 1998). To examine this type of framing, the
researchers devised the Asian Disease problem, where partici-
pants faced a decision task presented in two frame valences. The
“positive frame” was worded with positive connotations while the
“negative frame” was crafted with words evoking a negative
connotation. Each frame contained two choices for one scenario:
a certain riskless option or a risky choice with the same expected
value as the riskless choice. The study found that participants
preferred the certain option when presented with the positive
frame, phrased as “lives saved”. Conversely, in the negative frame,
where the question was worded around “lives lost,” subjects
showed a preference for the risky choice. These findings indicate
that participants were risk-averse when presented with the posi-
tive frame and more risk-seeking with the negative frame. That is,
people will be more likely to take risks when the scenario focuses
on the potential to avoid losses (negative frame) rather than the
potential to realize gains (positive frame). The researchers
explained this phenomenon using their prior work on prospect
theory, suggesting that people are more motivated by the fear of
loss (risk aversion) than the prospect of an equivalent gain
(Kahneman and Tversky, 1979). For instance, the displeasure of
losing $10 feels more impactful than the pleasure of gaining $10,
leading participants to favor options that offer the highest
expected benefit. The framing of the question, whether as a gain
or loss scenario, significantly influenced the participants’ eva-
luation of the question (Levin et al., 1998; Tversky and
Kahneman, 1981).

Conversely, attribute framing represents the simplest type of
framing wherein the dependent characteristic is emphasized
either positively in the positive frame valence, or negatively in the
negative frame valence (Levin et al., 1998). For instance, Wilson
et al. (1987) demonstrated the substantial impact of framing the
survival rate of surgery for terminal liver disease as either “20%

surviving” or “80% dying” on participants’ decision-making. The
results revealed that more subjects were inclined to opt for the
surgery when presented with the positive frame (20% surviving)
as opposed to the negative frame (80% dying). To shed light on
this phenomenon, Levin and Gaeth (1988) proposed that the
frame valence encoded information that evoked either positive or
negative associations in memory. In addition, differences in
encoding based on the frame valence may result in subjects
attending differently to the positive or negative aspects of the
scenario (Levin et al., 1985; Stremitzer et al., 2012). As a con-
sequence, subjects exhibited different choices depending on their
positive or negative association with the scenario (Russo et al.,
1996).

Goal framing diverges from attribute framing by placing less
emphasis on a single attribute and instead focuses on enhancing
the evaluation of an issue, with both positive and negative frames
aiming to achieve this improvement. More specifically, goal
framing was designed to influence goals that an individual may
have by presenting possible benefits in the positive frame or its
potential to avoid a loss in the negative frame (Levin et al., 1998).
Banks et al. (1995) demonstrated that women assigned to the
negative frame (emphasizing the risks associated with forgoing a
mammogram) were more likely to undergo mammography
compared to those assigned to the positive frame (highlighting
the benefits of obtaining a mammogram). The effects of goal
framing can be elucidated through the concept of “loss aversion”,
wherein negative information tends to have a more substantial
impact than positive information of an equivalent magnitude.
Also known as a negativity bias, this notion can be oper-
ationalized by the value function of prospect theory, where the
slope of the function leads to the loss domain exerting a sub-
stantially stronger psychological effect than the gain domain of an
equal magnitude (Kahneman and Tversky, 1979; Levin et al.,
1998; Meyerowitz and Chaiken, 1987).

Although each type of framing may be influenced by distinct
underlying mechanisms, framing, in general, may be attributed to
affective heuristic processing, wherein one’s emotional state holds
more sway over their decisions than objective evaluation (Pu
et al., 2017; Slovic et al., 2002). Consequently, the wording of a
frame can markedly impact an individual’s perception of the
scenario and result in an increase in sensitivity to framing effects
(McElroy and Seta, 2003). Positive frames tend to evoke positive
emotions, making them more appealing than aversive negative
frames (Nabi et al., 2020). Heuristics are inherently designed to
reduce the cognitive load required for rapid judgments. However,
combined with the mental simplification of information that is
often seen with framing effects (Reyna and Brainerd, 1991), this
swift and automatic processing can be responsible for irrational
or erroneous decisions in the context of framing. This is further
supported by the fact that the framing effect can be mitigated
when deeper analytical cognitive processing is encouraged. Stu-
dies have demonstrated that the framing effect was diminished
when participants were forced to enable more cognitively
demanding analytical processing to supplant fallible heuristics
(Levin et al., 1985; McElroy et al., 2020).

Socioemotional selectivity theory (SST) may also contribute to
the framing effect. SST proposes that as individuals age, their
priorities and motivational goals shift based on their perceived
time horizon (Carstensen, 2006; Carstensen et al., 2000). Older
adults tend to prioritize present-oriented goals that directly lead
to positive emotions, while younger individuals focus on future-
oriented goals (Carstensen and DeLiema, 2018). As an example,
older adults may invest more time in nurturing current friend-
ships, creating memories, and enjoying positive experiences,
whereas younger adults might concentrate on expanding their
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social network to gain advantages in the future. Framing sce-
narios can leverage the positivity effect, where, in line with SST,
older adults are more inclined to focus on positive information
rather than negative details to align with their positively oriented
goals (see Reed et al., 2014 for a meta-analysis). This emphasis on
positive information allows framing to align with the shifting
priorities of older adults, promoting thoughts and decisions that
are congruent with their present-oriented and emotionally
fulfilling goals.

Yet other theories could explain the differences in framing
effect across the age span, such as the dual-process model or the
lifespan developmental perspective. In the dual-process model, a
person’s behavior can be determined by the interaction between
two processes: a deliberative process that is slower and makes
more rational goal-based decisions but requires an internal
exertion of effort (willpower), and an affective process that focuses
solely on the emotional state of the person (Loewenstein et al.,
2015). The interaction of these two processes, where the decrease
in willpower leads to an increased weight on the affective pro-
cesses and vice versa, can be extended to framing. It logically
follows that an increased arousal when presented with a certain
frame would lead to an increase in the use of deliberative pro-
cesses and a lower framing effect than the opposite (Guo et al.,
2017; Roberts et al., 2022). In the lifespan developmental per-
spective proposed by Ebner, Freund, and Baltes (2006), younger
adults were found to gravitate towards a goal orientation of
growth, while older adults were found to gravitate towards
maintenance and loss prevention (Ebner et al., 2006). Thus,
potential age differences in framing could also be attributed to the
preferences for growth vs. maintenance that change across a
persons’ lifespan.

Research on the relationship between age and the framing
effect across the three types of framing has yielded mixed results,
and in the case of attribute framing, there is limited research
available. Firstly, studies examining the effect of age on risky-
choice framing have produced conflicting findings. Rönnlund
et al. (2005) investigated the risky-choice framing effect in various
contexts (human lives, paintings, and money) with two cohorts of
participants (younger and older adults) and found similar fram-
ing effects in both age groups. Conversely, a few studies have
reported that older adults are more susceptible to the risky-choice
framing effect than younger adults in different contexts (Kim
et al., 2005; Pu et al., 2017). Watanabe and Shibutani (2010),
however, reported the opposite effect, where the older group
showed no risky-choice framing effects, while the younger group
exhibited typical framing effects.

Regarding goal framing, only one study to date has examined
the effect of age on adults’ susceptibility to this type of framing.
Masumoto et al. (2020) demonstrated that younger adults were
less susceptible to the framing effect when presented with the
positive frame, and vice versa. Similarly, Sparks and Ledgerwood
(2018) conducted the sole study addressing the effect of age on
the attribute framing effect. They found that as people age, they
become more susceptible to the framing effect. Moreover, parti-
cipants were more susceptible when presented with positive
frames than negative frames. Despite these findings, additional
research is needed to gain a comprehensive understanding of how
age influences susceptibility to different framing effects in the
three mentioned categories.

Some of the variations in the findings above can be attributed
to several factors. Firstly, certain studies have small sample sizes,
such as 53 participants in Kim et al. (2005) and 32 participants in
Rönnlund et al. (2005) Additionally, most studies recruited par-
ticipants from several separate cohorts for younger and older
adults, with many drawing the sample of younger adults from
undergraduate students. Moreover, some studies recruited

participants from specific cities or towns, potentially introducing
unintended biases. The one study that recruited participants of all
ages, Masumoto et al. (2020), divided them into arbitrary age
groups of younger, middle-aged, and older adults. These con-
textual differences may also account for some of the discrepancies
observed in the results. To gain a more comprehensive under-
standing of all three types of framing, larger sample sizes, diverse
participant recruitment strategies, and standardized age groups
would be essential. Moreover, conducting multi-context studies
could provide valuable insights into the generalizability of the
findings.

This study aims to investigate differences in the framing effect
for all three types of framing (risky-choice, attribute, and goal
framing) in medically related scenarios for individuals within the
continuous age range of 18 to 71 years. Two hypotheses under-
score this study: (1) the framing effect will become more pro-
nounced as adults’ age increases for all three framing types and
(2) older adults will exhibit more framing effects in the negative
frame rather than the positive frame. The former hypothesis is
supported by the documented decline in cognitive brainpower in
adults as they age (Reed and Carstensen, 2012) and the con-
sequent increased reliance on affective heuristic processing. As a
result, the shift of reliance more on emotions rather than logic
would enhance the framing effect in the context of healthcare
decisions. The latter hypothesis is supported by the interplay
between the dual-process theory and SST with its associated
positivity effect, which states older individuals tend to attend
more to positive information than negative information to effi-
ciently utilize their diminished cognitive resources more effec-
tively (Reed and Carstensen, 2012).

Methods
Participants. Participants for the framing study were recruited
from various locations across the United States via an online
survey and distributed via Amazon Mechanical Turk (MTurk).
Attention check questions were strategically placed within the
survey to ensure data validity, and those who did not pass the
checks were excluded from the analysis. An instructional
manipulation check (IMC) question was used as the attention
check to determine the attentiveness of participants to the survey
(Oppenheimer et al., 2009). More specifically, a separate health-
decision scenario similar to the three framing scenarios was
created and a cue to select a specific correct answer was hidden
within the question (see the Questionnaire Printout in the Sup-
plemental Information document). Kung et al. (2018) have shown
that IMC questions do not have a marked effect on scale validity.
Out of the 850 participants that initially responded to the survey,
153 failed the attention check and were therefore excluded from
the data analysis. In order to filter out possible bots filling out the
survey, participants had to fill out information for their age twice:
once in the form of a manually typed input and another in the
form of a multiple-choice question. Responses with mismatched
ages were removed, although there was only one such case.

Materials. Participants were recruited using Amazon’s Mechan-
ical Turk (MTurk) program, a recruitment tool that provides
high-value data with greater participant diversity compared to
university samples and standard Internet samples (Buhrmester
et al., 2011). Participants were given a monetary incentive for
completing a questionnaire designed using the Qualtrics XM
software to assess how adults respond to attribute framing, goal
framing, and risky-choice framing. Each type of framing was
represented by a specific health-decision scenario, and each sce-
nario contained a uniquely coded Likert-type item from 1 to 6
(Table 1). For all scenarios, two frame valences were presented: a
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positive frame and a negative frame, with the only difference
being the wording of the scenario. The attribute framing scenario
used in this study was a modified version of the ground beef
scenario in Levin et al. (1985). The goal-framing scenario was
adapted from Meyerowitz and Chaiken’s (1987) Breast Self-Exam
scenario. Lastly, the risky-choice framing scenario was a variation
of Tversky and Kahneman’s (1981) Asian Disease Problem.

Procedure. Participants were informed that they would be taking
part in a research study “involving rating 4–5 scenarios from a
scale of 1 to 6”. The discrepancy in the number of scenarios was
accounted for by the inclusion of an IMC attention check. The
order in which participants encountered the scenarios was as
follows: attribute, goal, attention check, and risky-choice framing
scenarios. Each scenario was rated on a 6-point continuous scale,
with unique markers at the ends of the scales (Table 1 and
Supplemental Fig. S7).

To ensure randomness, participants were randomly assigned
either the positive or negative frame for each question
independently. In other words, each participant could have
encountered all three positive frames, no positive frames at all, or
a combination of positive and negative framed questions.
Following the framing scenarios and the attention check,
participants were asked for demographic information.

Data analysis. All data analysis was conducted using R and
related packages. For each framing scenario, the data on the
participants’ ages, assigned frame valence, and their rating of the
scenario on the 6-point scale (participants’ attitudes) were utilized
in the analysis.

To assess the moderating effects of age on the susceptibility to
the framing effect, the Johnson-Neyman technique was
employed. This statistical technique can be applied in situations
where the measurements of a dependent (outcome) variable, Ŷ,
and two independent (predictor) variables, X, are available for
two groups of data. This technique will yield a set of values in
which we would reject the null hypothesis that the two groups’
expected X values are the same. We can then plot them onto a
Johnson-Neyman plot to visualize the 95% confidence intervals
on each group of data and the exact value at which the two
expected X values differ (Kowalski et al., 1994). In other words,
this technique helps determine the specific values of a moderating
variable, M, (the one that influences an interaction) at which the

difference between the dependent variables of two groups of
predictor variables becomes statistically significant. In this study,
the moderator was the participants’ age, the two predictor
variables were the frame valence, and the dependent variable was
the participants’ ratings of the scenario on a 6-point scale (Fraas
and Newman, 1997; Lin, 2020). The Johnson-Neyman technique
will be used to obtain an age at which we would reject the null
hypothesis that the two frame valences have the same expected
rating value at a significance of α= 0.05. The general prediction
equation for the Johnson-Neyman technique is as follows:

Ŷ ¼ β0 þ β1Xþ β2Mþ β3X*M

and the specific equation for the model used in this study is:

Response ¼ β0 þ β1*ðFrameValenceÞ þ β2*ðAgeÞ
þ β3*ðFrameValence*AgeÞ:

To test if the age of the participants moderated the effect of the
frame valence on the participants’ attitude (on a 6-point scale) for
a specific framing scenario, a multiple linear regression model
was fit for each scenario with the dependent variable bringing the
participants’ response and the two independent variables being
the frame valence (dummy-coded: 0= negative frame, 1= posi-
tive frame) and the age of the participants with a third variable
representing the interaction between the frame valence and age,
labeled (Frame Valence)*(Age). In addition, political affiliation,
gender, ethnicity, and education level were included in the
regression model as control variables. If there was sufficient
evidence of an interaction effect, the Johnson-Neyman statistical
technique was applied to determine the ages at which the effect of
the frame valence on participants’ ratings of the scenario became
significant (Carden et al., 2017; Johnson and Neyman, 1936). In
other words, the application of the Johnson-Neyman method in
this study aimed to identify the specific age when the difference
between the rating of the two frame valences became significant.

To visualize and estimate the effect of frame valence on the ratings
of the scenario as age progresses, regression lines and 95%
confidence intervals of this difference were plotted on a Johnson-
Neyman plot. This plot helps identify regions of significance and
provides insights into how the effect of frame valence changes with
age. However, to investigate the framing effect on a Johnson-
Neyman plot, the difference between the two frames’ regression lines
must be standardized to be zero at the youngest age investigated,

Table 1 The three main survey questions, organized by the positive and negative frame.

Attribute framing (Q1: Drug efficacy) Goal framing (Q2: Cancer risk) Risky-choice framing (Q3: Asian disease
variant)

Positive
frame

100 ill patients were assigned to a
treatment; 70 patients felt better. How
would you evaluate the effectiveness of
the drug?

A doctor tells you that even though you
really like to drink hot cocoa, if you stop
drinking, your body’s cadmium level will be
significantly reduced, and thus the risk of
cancer associated with high levels of
cadmium would be greatly decreased.

There are 600 citizens of a small town, and
a viral disease is spreading that kills all those
who are infected. Two programs are being
considered. If program A is adopted, 200
citizens will be saved; if program B is
adopted, there is a 1/3 chance that all the
citizens will be saved and a 2/3 chance that
none will be saved.

Negative
frame

100 ill patients were assigned to a
treatment; 30 patients did not feel better.
How would you evaluate the effectiveness
of the drug?

A doctor tells you that even though you
really like to drink hot cocoa, if you continue
to drink, your body’s cadmium level will
significantly rise, and thus the risk of cancer
associated with high levels of cadmium
would be greatly increased.

There are 600 citizens of a small town, and
a viral disease is spreading that kills all those
who are infected. Two programs are being
considered. If Program A is adopted, 400
citizens will die; if Program B is adopted,
there is a 1/3 chance that no citizens die and
a 2/3 chance that all will die.

Scale 1= “Very Bad”
6= “Very Good”

1= “Surely Stop Drinking”
6= “Surely Continue Drinking”

1= “Surely Choose A”
6= “Surely Choose B”

ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-024-02658-6

4 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2024) 11:217 | https://doi.org/10.1057/s41599-024-02658-6



which, in this study, was 18 years. As a result, any differences
between the frame valences can be attributed solely to age.

Results
The three scenarios measured differing attitudes towards each
type of framing. As a result, statistical analyses were performed
on each scenario individually. Table 2 shows the demographic
breakdown of each frame valence of each scenario and chi-square
tests for homogeneity. The chi-square tests showed that the dis-
tribution of demographics was the same across all groups, thus all
results can be attributed to the frame valence only and not a
variation in the demographics in each group. To test for the
existence of the traditional framing effect, the means of the par-
ticipants’ attitudes in each frame valence were compared. The
sample of adults was found to demonstrate framing effects in
terms of their differing attitudes toward all three scenarios. Spe-
cifically, the frame valence was a significant predictor of partici-
pant’s attitudes in attribute framing [R2= 0.173,
F(1,692)= 139.67, p < 0.001], goal framing [R2= 0.047,
F(1,692)= 27.78, p < 0.001], and risky-choice framing
[R2= 0.058, F(1,691)= 36.51, p < 0.001]. This confirmed that the
traditional framing effect was present and allowed further
analysis.

The multiple linear regression model with sociodemographic
controls was fitted (Table 3). The regression coefficient for the
interaction variable, (Frame Valence)*(Age), showed some evi-
dence that the difference between the slopes of the positive frame
and the negative frame was significant in attribute framing
[B= 0.008, SE= 0.005, t(692)= 1.71, p= 0.087], goal framing
[B= 0.013, SE= 0.008, t(692)= 1.60, p= 0.111], and risky-
choice framing [B=−0.019, SE= 0.009, t(691)=−2.15,
p= 0.032]. Therefore, the difference of attitudes between the two
frames was not constant across the range of ages and age can be
regarded as a moderator in the effect of the frame valence on the
participants’ attitudes towards the scenarios.

The regression coefficient for the age variable revealed that
there was a statistically significant relationship between the age of
the participants and their attitudes toward the scenarios (Table 3).
The regression coefficients in both the attribute [B=−0.006,
SE= 0.003, t(692)=−1.806, p= 0.071] and goal [B=−0.013,
SE= 0.006, t(692)=−2.29, p= 0.022] framing scenarios were
negative. Older adults tended to rate the drug’s efficacy lower on
the scale (“Very Bad”) in attribute framing and older adults were
more likely to stop drinking hot cocoa in goal framing while
controlling for the frame valence. In contrast, the regression
coefficient in the risky-choice framing scenario was positive
[B= 0.017, SE= 0.006, t(691)= 2.69, p= 0.007], indicating that
adults tended to gravitate towards the risky option as age
increased, no matter the frame valence assigned.

Post-hoc simple slope tests were conducted to determine the
effect of age on participants’ attitudes towards each scenario’s
frame valence individually. In attribute framing, as people age,
there existed a significant trend towards increased susceptibility
to the framing effect in the negative frame [R2= 0.010,
B=−0.006, SE= 0.003, t(365)=−1.90, p= 0.059] but not in the
positive frame [R2= 0.001, B= 0.001, SE= 0.003, t(327)= 0.42,
p= 0.667]. This trend was similar in the other two scenarios,
where there was an increased susceptibility in the negative frame
in both goal framing [R2= 0.023, B=−0.013, SE= 0.005,
t(336)=−2.81, p= 0.005] and risky-choice framing [R2= 0.014,
B= 0.014, SE= 0.006, t(344)= 2.19, p= 0.029] and not in the
positive frames [goal framing: R2= < 0.0001, B= 0.000,
SE= 0.006, t(356)= 0.05, p= 0.959; risky-choice framing:
R2= 0.001, B=−0.004, SE= 0.006, t(347)=−0.66, p= 0.509].
Thus, we can conclude that an advanced age will enhance the

effect of negative, but not positive frames on participants’
attitudes.

The Johnson-Neyman technique was conducted to investigate
the moderating effects of age on the differences between the par-
ticipants’ attitudes toward the two frame valences, which translated
into the magnitude of the framing effect (Fig. 1). The effect of the
frame valence on participants attitudes became significant at an
alpha level of 0.05 at an age of 34.04, 33.70, and 32.50 years for
attribute, goal, and risky-choice framing, respectively, and con-
tinued to be increasing in significance as age increased.

Discussion
The current work represents the first study to examine the role of
age as a moderator for the framing effect in three types of
framing: attribute, goal, and risky-choice framing, with a single
large cohort of participants. In addition, it represents one of the
first studies to investigate age as a continuous and not grouped
variable (such as grouping participants into younger and older
groups) and is the first study to employ the Johnson-Neyman
statistical method to examine the framing effect. The two
hypotheses proposed that an increased age would lead to an
increased susceptibility to the framing effect and an increased
susceptibility to the framing effect when presented with the
negative (versus positive) frame. These hypotheses were sup-
ported in that the difference between the adults’ ratings of the
scenarios increased as age increased, and that only negatively
(versus positively) framed messages were rated at more extreme
ratings as age progressed. The Johnson-Neyman analysis revealed
a trend towards an increased susceptibility to the framing effect as
the age of participants increased for all three types of framing.
More specifically, the slopes of the two regression lines repre-
senting the two frame valences diverged as age progressed. This
translated into a greater difference between the attitudes in older
adults, leading to a greater framing effect. This result suggests that
older adults may have an underlying cognitive factor that plays a
role in processing information. In addition, simple slope analyses
revealed that only the slope of the negative frame was significant
when regressed with age, indicating that there existed an
increasing framing effect as age increased in the negative frame
but not the positive frame for all three types of framing.

A possible explanation for some of these findings deals with the
socioemotional selectivity theory (SST), which suggests that
motivational priorities change over one’s life in the way that older
adults prioritize goals that will lead to positive emotions in the
present and not toward the future that younger adults tend to
prioritize (Carstensen, 2006). More specifically, the interplay
between SST and the dual-process theory may explain why older
(vs. younger) adults were more susceptible to the negative frame
only and not the positive frame. Based on the positivity bias
associated with SST, we expect older adults to prioritize max-
imizing positivity in the present, resulting in a heightened
response to positive stimuli and thus the positive frame (Mather
et al., 2004). However, based on the dual-process theory, this
heightened response would result in the slower, more rational
deliberative system being employed only for the positive frame. It
follows that the negative frame, which does not exhibit a heigh-
tened response in older adults, would encourage the use of the
other rapid, frame-sensitive system of the dual-process theory to
be employed when processing negative frames (Loewenstein et al.,
2015; Roberts et al., 2022). The increased reliance on the affective
system as a result of the lack of willpower exhibited in the
negative frame would result in an increased framing effect in the
negative frame (Guo et al., 2017). Therefore, it’s reasonable to
assume that SST and the dual-process theory play an inherent
and important role in promoting a greater susceptibility to the
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negative frame and not affecting the susceptibility to the positive
frame as age increases.

However, current work on affective heuristic processing and the
resource allocation hypothesis (Hess et al., 2001) could offer an
alternative explanation. As a result of the high emotional arousal
framing tasks (Pu et al., 2017), participants may be more suscep-
tible to affective heuristic processing, clouding their rational
judgment and resulting in a framing effect. More specifically,
positive frames may appear more attractive, and negative frames
may appear more unattractive. Previous studies have shown that as
individuals age, they may show an increasing reliance on affective
heuristical processing to make up for their declining cognitive
brainpower (Besedeš et al., 2012; Hess et al., 2001). This increased
reliance on heuristics and simplification of information would lead
to a larger framing effect (McElroy and Seta, 2003; Reyna and
Brainerd, 1991), which is confirmed in the study for all three
scenarios. However, it would also require older adults to be more
susceptible to both frame valences than younger adults. Older
adults were more susceptible only to the negative frame and not to
the positive frame, therefore affective heuristical processing would
not be a complete explanation for the results of this study. We
cannot, however, discount affect heuristics as a potential facet of
the relationship between age and the framing effect. Therefore, we
propose that SST may be involved as a factor for the predisposition
of older adults to affect heuristics in the context of framing, but
more research is required to explore this connection.

Yet another explanation lies in the lifespan developmental
perspective, where the goals of an individual are found to shift
from growth and exploration to loss prevention and maintenance
as they age (Ebner et al., 2006). Younger adults have not acquired

enough resources to warrant its protection, while older adults
shift this mindset towards protecting their acquired resources as
they near the end of their lifespan. Extrapolating this idea to the
framing effect, older (vs. younger) adults may preferentially
choose a more extreme response to negative frames due to their
goal of loss prevention. For example, it was found that older (vs.
younger) adults would rate drugs as being less effective when
presented with the negative frame in attribute framing. This can
be applied to the two other framing types with the same rea-
soning. The lack of a difference in framing effects of younger vs.
older adults in the positive frame can also be explained via this
perspective. While older adults shift towards maintenance as they
age, positive frames still encourage maintenance while also
appealing to the growth aspect that younger adults prefer. Thus, it
would make sense that there would be no significant age-related
differences in the framing effect of positive frames.

The present study added findings into the field that were both
congruent and incongruent with previous studies. The only pre-
vious study to assess the role of age in attribute framing, Sparks
and Ledgerwood (2018), report a trend towards an increased
susceptibility to both the positive and negative frames as adults
age. This finding is incongruent with the current study, where
there was an increase in susceptibility to the negative frame, but
not to the positive frame in attribute framing. One possible
explanation is that Sparks and Ledgerwood (2018) combined
multiple cohorts of participants previously used in separate stu-
dies, each with differing contexts for scenarios. By combining
results from these studies, they may have inadvertently intro-
duced variables they did not account for, such as how the dif-
fering framing tasks may affect participants in differing ways.

Table 3 Regression results for the three types of framing with sociodemographic control variables.

Attribute framing Goal framing Risky-choice framing

Variable B SE t p B SE t p B SE t p

Frame valence 0.343 0.193 1.776 0.076† −0.025 0.336 −0.076 0.940 0.193 0.385 0.503 0.615
Age −0.006 0.003 −1.806 0.071† −0.013 0.006 −2.293 0.022* 0.017 0.006 2.692 0.007**

(Frame valence)*(Age) 0.008 0.005 1.712 0.087† 0.013 0.008 1.595 0.111 −0.019 0.009 −2.153 0.032*

Political affiliation
Republican −0.087 0.073 −1.196 0.232 −0.007 0.127 −0.057 0.955 0.174 0.145 1.196 0.232
Independent 0.034 0.068 0.496 0.620 −0.060 0.119 −0.506 0.613 0.469 0.137 3.435 0.001***

Something else −0.160 0.151 −1.063 0.288 0.403 0.264 1.527 0.127 0.065 0.301 0.216 0.829
Prefer not to say −0.229 0.310 −0.737 0.461 −0.721 0.542 −1.330 0.184 0.199 0.618 0.322 0.748
Gender
Male 0.000 0.057 0.001 0.999 0.047 0.100 0.475 0.635 0.128 0.114 1.120 0.263
Non-binary 0.115 0.235 0.490 0.625 0.108 0.411 0.263 0.792 −0.100 0.467 −0.214 0.831
Prefer not to answer 0.544 0.486 1.119 0.264 1.130 0.851 1.328 0.185 0.271 0.970 0.280 0.780
Ethnicity
Asian −0.056 0.102 −0.553 0.580 −0.023 0.178 −0.128 0.898 0.206 0.203 1.015 0.310
Black 0.190 0.107 1.780 0.075† −0.151 0.187 −0.807 0.420 0.315 0.213 1.480 0.139
American Indian −0.820 0.327 −2.505 0.013* −0.328 0.572 −0.573 0.567 −0.715 0.652 −1.097 0.273
Pacific Islander 0.292 0.514 0.569 0.570 0.914 0.898 1.017 0.309 0.183 1.023 0.179 0.858
Other −0.183 0.168 −1.090 0.276 −0.083 0.293 −0.284 0.777 −0.073 0.334 −0.219 0.827
Prefer not to say −0.104 0.447 −0.232 0.817 −1.026 0.782 −1.312 0.190 −0.389 0.891 −0.437 0.662
Education
Less than high school −0.569 0.519 −1.096 0.273 0.202 0.904 0.223 0.823 −0.707 1.031 −0.686 0.493
High school graduate −0.134 0.101 −1.322 0.187 −0.274 0.177 −1.551 0.121 −0.120 0.201 −0.594 0.552
Some college −0.002 0.079 −0.020 0.984 −0.071 0.139 −0.509 0.611 −0.016 0.159 −0.103 0.918
2-year degree 0.062 0.097 0.635 0.526 −0.215 0.172 −1.253 0.211 −0.307 0.194 −1.584 0.114
Professional degree −0.140 0.077 −1.821 0.069† −0.169 0.135 −1.252 0.211 −0.261 0.153 −1.701 0.089†

Doctorate 0.225 0.223 1.005 0.315 0.115 0.390 0.294 0.769 −0.136 0.445 −0.307 0.759
Constant 4.108 0.140 29.338 <0.001*** 2.638 0.252 10.466 <0.001*** 2.674 0.294 9.111 <0.001***

Attribute framing: F(22,673)= 7.84***, R2= 0.204, Residual SS= 351.60.
Goal framing: F(22,673)= 2.211**, R2= 0.067, Residual SS= 1073.55.
Risky-choice framing: F(22,672)= 3.01***, R2= 0.090, Residual SS= 1393.46.
Note: Categorical variables were dummy-coded and the factor with the largest size was chosen to be the reference (Democrat, Female, White, 4-year degree).
†p < 0.10, *p < 0.05, **p < 0.01 ***p < 0.001.
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This study found similar findings with goal framing, which
adds to Masumoto et al. (2020), the only previous study exam-
ining the effect of aging on goal framing. They showed that older
participants tended to remember the positive frame better than
younger participants, and younger adults more accurately than
older adults in the negative frame. The findings of the current
study loosely translate and confirm that memory may play a role
in goal framing, but future work is required to confirm this
phenomenon in both goal framing and the other types of framing.

In terms of risky-choice framing, the study found that adults
tended to pick the riskier option as their age increased in the
negative frame, which suggests that adults may be less risk-averse
as age increases when presented with a negative framing. This
finding disagreed with Pachur et al. (2017), who found the
opposite: older adults chose the riskier option in the gain frame
and younger adults in the loss frame, and studies in which no age
difference in risky decision-making was found in the negative
frame (Best and Charness, 2015; Mata et al., 2011). The current
study examined the risky-choice framing effect through the lens

of a life-saving scenario, which would result in high emotional
arousal in the negative frame (Pu et al., 2017; Stremitzer et al.,
2012), prompting older adults to choose the riskier option via
previously discussed theories of how SST, the dual-process the-
ory, affect heuristics, and the lifespan developmental perspective
may be involved in the framing effect. This finding is congruent
with some previous studies (Kim et al., 2005; Pu et al., 2017),
while others observe the complete opposite effect (Watanabe and
Shibutani, 2010). Some of these discrepancies may be a result of
small sample sizes or different task arenas used in those studies
that may elicit differing responses.

Limitations and future work. This study sought to examine the
developmental effects of framing using cross-sectional data. This,
however, assumes that the participants accurately reflect the
average population as they age, and it assumes that participants
grew up in very similar conditions and experienced similar life
experiences during their development (the cohort effect). Lans-
ford et al. (1998) conducted a longitudinal study for a period of

Fig. 1 Participants’ attitudes toward the scenarios graphed against age and Johnson-Neyman plots. A–C represent participants’ attitudes in both the
positive and negative frame valence towards attribute, goal, and risky-choice framing, respectively, graphed against age. The rating was standardized to
start at zero for both frame valences at the minimum age of 18, thus any variation in advanced ages would be relative to this zero-starting point.
D–F represent Johnson-Neyman plots for attribute, goal, and risky-choice framing, respectively, graphed against age. The dashed line represents the age at
which the absolute value of the difference between the frame valences is statistically significant at an alpha value of 0.05. The specific cutoff values are
34.04, 33.70, and 32.50 years for attribute, goal, and risky-choice framing, respectively. All confidence intervals are 95% CI. n.s. No significance.
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four decades and found evidence that supported the SST. With
the potential reliance of the current study’s findings on SST, we
predict that a longitudinal study would mirror the results pre-
sented. However, it would be worthwhile conducting a compre-
hensive longitudinal study that mirrors the current to confirm or
find new results and eliminate the influence of potential external
variables.

Age was a variable chosen to represent the progression of
human development on an individual’s susceptibility to the three
types of framing; however, it may not represent the full picture in
terms of human development. Different individuals may be at
differing stages in their life independent of age, especially in
individuals with accelerated aging (as in the early stages of
disease), which would affect their perception drastically. More
specifically, the changes in an individual’s goals or choices due to
SST are not a direct result of age alone, but rather their perception
of how much time they have left in their life (Carstensen, 2006).
Future studies could examine the relation between participants’
perceived time left in life and their framing effect for a more
direct focus on SST’s relation to framing.

Moreover, other cognitive processes that change with age may
be examined to determine their individual influences on a person’s
susceptibility to the framing effect. For example, Perez et al. (2018)
found that some cognitive abilities, such as delayed memory, were
significant predictors of the susceptibility to the framing effect in
risky-choice framing. Although many differences in cognitive
factors can be attributed to age external factors can also be at play,
future studies could examine variables related to cognitive ability
along with age to better predict the framing effect.

Finally, we must consider the context-dependency of the
framing effect. Studies have shown that the framing effect is
dependent on the context of the framing scenario, such as if it was
presented in a financial or mortality context (see the meta-
analysis by Best and Charness, 2015). We only considered
scenarios in the healthcare/mortality sense, so our results may not
be generalizable to other contexts of framing. Future studies could
examine other contexts and compare the results found in this
study to examine context-dependent effects of attribute, goal, and
risky-choice framing across an age span.

Conclusion
This study presents novel data on the effects of age on attribute,
goal, and risky-choice framing, utilizing a large cohort of parti-
cipants examined across the continuous age scale for all three
types of framing. Unlike previous studies with mixed results and a
focus on only one type of framing, the current research provides
robust conclusions applicable across different framing scenarios
due to the use of a single participant cohort.

The results indicate that the framing effect becomes more pro-
minent as age increases, leading to increased susceptibility to the
negative frame, but not the positive frame, in each framing scenario.
This finding may be attributed, at least in part, to the association
between aging and both the SST and dual-process model, along
with the potential influence of affect heuristics clouding the judg-
ment of older adults. The current findings suggest that SST could be
an underlying factor contributing to older adults’ predisposition to
affect heuristics within the context of the framing effect.

This study opens avenues for future research to explore addi-
tional potential moderators of the framing effect and to gain a
deeper understanding of the interconnectedness between SST,
dual-model theory, and affect heuristics in the framing effect. It
also offers the potential to uncover other explanations for the
observed phenomena. Given the aging population, it is crucial for
researchers to comprehend the disparities in how younger and
older adults perceive and process information. Understanding

these differences can aid in presenting essential information in
the most optimal form to alleviate the impact of framing and
other cognitive biases that may arise, particularly in healthcare
contexts, among older populations.

Data availability
The datasets and R code needed to replicate the analyses in the
study are available in the Open Science Framework repository:
https://osf.io/z5s7h/.
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