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ABSTRACT 
 

Every day to we make decisions that require us to reconcile our desire to be satisfied 

immediately with our desire to improve upon our current situation, which often requires waiting. 

People tend to devalue future rewards as a function of the time they must wait receive them, a 

phenomenon known as a delay discounting. Nearly all species exhibit delay discounting, yet 

there is a striking level of inter-individual variability in discounting severity. In humans,  

discounting rate predicts a wide array of outcomes such as academic achievement, drug 

addiction, salary, and obesity. Such correlational relationships have led some to argue that 

discounting is a stable trait. Contrary to this perspective, several studies have shown that 

discounting rates may gradually decrease with age. There is also evidence that contextual factors 

can more immediately alter an individual’s discounting rate. One such factor is how information 

is presented, or “framed”.  The way in which options are framed—even if they are logically 

equivalent—can influence choice. Framing a choice as a loss often leads to avoidance that 

option, i.e. to loss aversion. Delay discounting and susceptibility to loss framing have thus far 

only been studied in isolation, yet in day to day life we regularly must consider both temporal 

and loss information, particularly as we become older. This study seeks to the bridge delay 

discounting, framing, and normative aging literatures to examine (1) whether reframing choices 

can reduce delay discounting; (2) what factors drive individual differences in discounting and 

framing susceptibility; (3) to what extent these phenomena interact with age; and (4) a potential 

application of these findings in the context of Social Security claiming.  
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CHAPTER 1 

INTRODUCTION 

Delay Discounting 

Every day to we make decisions that require us to reconcile our desire to be 

satisfied immediately with our desire to improve upon our current situation, which often 

requires waiting. Such intertemporal choices are frequently between smaller-sooner and 

larger-later rewards. One striking characteristic of intertemporal decisions is that people 

discount the value of future rewards as a function of the delay to receiving them. This 

phenomenon is known as delay discounting, or temporal discounting (Odum, 2011). In 

the laboratory, intertemporal preferences are often assayed according to the outcome of 

binary choices between immediate and delayed rewards. Over a series of trials, 

participants are asked whether they would prefer a hypothetical larger delayed reward or 

a smaller immediate reward.  

A person’s discount rate, often denoted their k score, can then be calculated 

according to how much they discount future rewards relative to immediate ones. 

Critically, k scores derived based on hypothetical monetary rewards are not 

systematically different from than those using real money, suggesting experiments using 

hypothetical rewards are valid proxies for decisions involving real money (Johnson & 

Bickel, 2002). Beyond monetary decisions, discounting rates measured in the lab also 

predict an array of real-world behaviors. Lower discount rates are robust predictors of 

positive outcomes such as collegiate academic performance (Kirby, Winston, & 

Santiesteban, 2005) and higher income (Reimers, Maylor, Stewart, & Chater, 2009). 
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Conversely, lower discount rates have been associated with deleterious behaviors such as 

smoking (Bickel, Odum, & Madden, 1999), opiate abuse (Perry, Larson, German, 

Madden, & Carroll, 2005), and texting while driving (Hayashi, Russo, & Wirth, 2015). 

Though highly prevalent, delay discounting is just one of many cognitive biases people 

exhibit (Gigerenzer & Selten, 2001). 

 

Framing 

Most individuals are influenced by how options are presented, i.e. framed, even if 

the choices are logically equivalent. In perhaps the most famous example, Kahneman and 

Tverksy asked participants to take a course of action in response to a hypothetical 

outbreak of disease by selecting between two programs. In the first frame, program A is 

said to save 200 lives (out of 600 total), while in the second it was said that 400 people 

will die (again out of 600). Although these are logically equivalent (i.e. there are 200 

lives saved and 400 lives lost), people avoided the loss-framed version, instead opting for 

program B (A Tversky & Kahneman, 1981).  

Various explanations for this preference shift have been proposed (De Martino, 

Camerer, & Adolphs, 2010; Tom, Fox, Trepel, & Poldrack, 2007). One popular 

explanation is predicated upon Prospect Theory and the notion of loss aversion (Tversky 

& Kahneman, 1992). Unlike classic economic theory that assumes a dollar is a dollar, 

whether it is gained or lost, Prospect Theory is derived from empirical evidence that 

people dislike losses more than they like matched gains (e.g. losing $100 is more painful 

than the joy of gaining $100). This subjective utility theory argues that people shied away 
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from the answer choice that highlighted loses because they are asymmetrically loss 

averse. Although both loss aversion and delay discounting have been examined at length 

in isolation, their interaction is understudied, despite their regular concomitance in 

everyday life. Many studies have, however, attempted to affect delay discounting by 

other means.   

 

Influencing Delay Discounting 

Intertemporal choices are ubiquitous and nearly everyone discounts the value of 

delayed rewards. However, there is both inter-individual and intra-individual variability 

in the extent to which these future rewards are discounted. Many factors correlate with 

inter-individual differences, including general intelligence and related constructs such as 

working memory (Shamosh, 2008), as well as traits such as future orientation (Steinberg 

et al., 2009). Although discounting has classically been presumed to be a stable behavior, 

nascent evidence suggests that intertemporal choice is plastic, and an individual’s 

decision can be influenced by state and context (Lempert & Phelps, 2016).  

The context of the canonical delay discount task is simple: participants are 

presented with series of simple binary choices between an immediate smaller reward and 

a larger delayed reward (Figure 2). However, it is unclear to what extent an individual’s 

discounting rate is a product of this particular way of framing the options. That is, could 

discounting be altered by reframing? Magen and colleagues conducted one such 

experiment (Magen, Dweck, & Gross, 2008), in which they altered choice presentation to 

include explicit zero information that was previously implicit (e.g., ‘‘Would you prefer 
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(1) $500 today and $0 in 1 month OR (1) $0 today and $1,000 in 1 month?’’). 

Interestingly, they found that for both hypothetical and real money conditions, 

participants in the explicit-zero condition exhibited significantly lower discount rates than 

those in the traditional frame condition. This “hidden-zero effect” highlights the 

importance of framing for intertemporal choice. Notably, this study used a between-

subjects design, and therefore did not unequivocally demonstrate framing-induced 

changes in discounting within-individual. Of course, what people choose is a product of 

not only the decision environment, but also the characteristics of the individual, such as 

their age.  

Figure 1. Example of a traditional delay discounting binary choice trial. 

 

Aging and decision making 

 Although little is known about the exact course or mechanism, research indicates 

that with age comes changes in decision making (Samanez-Larkin & Knutson, 2015). In 

terms of delay discounting, several studies involving monetary rewards have reported 

reduced discounting with age in humans (Eppinger, Nystrom, & Cohen, 2012; Green, 

Fry, & Myerson, 1994; Löckenhoff, O’Donoghue, & Dunning, 2011; Myerson & Green, 
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1995). However, other studies have not found significant changes in discounting with age 

(Chao, Szrek, Pereira, & Pauly, 2009; Rieger & Mata, 2015; Roalf, Mitchell, Harbaugh, 

& Janowsky, 2012; Samanez-Larkin et al., 2011; Whelan & Mchugh, 2009). One study 

even found the discounting to increase with age (Read & Read, 2004). As a cohort, older 

adults also tend to be more variable in the extent to which they discount future rewards 

(Green, Myerson, & Ostaszewski, 1999).  

 Taken as a whole, the role of age in decision making is somewhat inconsistent. 

This is potentially due to variation in terms of the age cohorts examined, methodological 

approaches, and decision-making domain (Best & Charness, 2015; Mata, Josef, Samanez-

Larkin, & Hertwig, 2011). Further, many studies are deficit or completely lack middle-

aged adults, who make up nearly a third of the population (U.S. Census Bureau, 2015). 

Perhaps because of this gap, very few studies examine age-related decision making 

differences continuously. This is an inherently limiting approach, as many cognitive 

changes in domains such as crystalized intelligence (Samanez-Larkin & Knutson, 2015) 

and working memory evolve in a nonlinear fashion across the lifespan (Piper et al., 

2011). It is important that we understand how and why decision making changes across 

the lifespan, as the consequences of decisions, including intertemporal choices, also tend 

to vary in gravity as we age. In particular, older adults face a number of weighty 

intertemporal choices such as how to manage their long-term health and when to begin 

collecting Social Security. This latter decision is quite analogous to a delay discounting 

task: older adults must choose between a smaller-sooner monthly payment and a larger 

delayed monthly payment. This decision is arguably one of the most important financial 
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decisions an older adult makes, as Social Security is the largest single source of 

retirement income for retirees (Social Security Basic Facts). The decision of when to 

collect also has implications for society at large, as the current system will likely not be 

viable in the long-term, based on current rates of Social Security claiming and projected 

increases in life expectancy (Kitao, 2014).  

 

Practical Implications for Social Security 

 By 2035, the proportion of US adults over 65 is projected to swell by 65% and top 

79 million (Social Security Basic Facts), due largely to increasing life expectancy (see 

Figure 1 cf. Bohn, 1999). Many of these older adults depend heavily on their Social 

Security for income to maintain their quality life. Specifically, over a fifth of married 

Social Security recipients and nearly half of single recipients over the age of 65 depend 

on Social Security for 90% or more of their income (Social Security Basic Facts). Given 

the importance of this income, it is perhaps not surprising that more than a third of older 

adults claim Social Security as soon as they are eligible, at age 62 (Munnell, Webb, & 

Hou, 2014). This decision often proves a serious mistake, as many older adults find 

themselves without the necessary funds to maintain their quality of life (Bohn, 1999). In 

comparison, older adults who delay collecting Social Security until age 70 received a 

76% higher monthly benefit (Social Security Basic Facts). How might older adults be 

supported to delay collection in order to maintain their financial well-being? This study 

examines the potential of reframing of Social Security claim choices to nudge individuals 

to wait for a larger monthly payment.  
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Figure 2. Left: past, and projected life expectancy at the of 65 (Bohn, 1999). Right: 

changes in claiming of Social Security over time (Social Security Facts). FRA is full 

retirement age. 

 To summarize, there is significant evidence that people discount future rewards, 

but the extent of this discounting seems to be influenced by several component factors. 

Other research has established discounting as an robust predictor of real-world outcomes, 

but has not fully explicated either inter- or intra-individual variability that has been 

observed. Study 1 is motivated by hypotheses regarding two critical, yet poorly 

understood factors, that contribute to discounting: framing and age.  

 

  



 
 
8 

CHAPTER 2 

STUDY 1: METHODS 

Hypotheses 

Hypothesis 1: Reframing a traditional delay discounting task as either a loss or a bonus 

can attenuate delay discounting within-participant. 

Hypothesis 2: The degree to which individuals are susceptible to framing varies with age. 

 

Participants 

 I recruited participants in three phases from three pools contemporaneously. For 

Phase 1 participants were younger adult undergraduate students from Temple University. 

These students completed the study online for course credit via “SONA”, the Department 

of Psychology research participation management system. For Phase 2, middle-aged 

adults were recruited from Amazon Mechanical Turk. For Phase 3, older adult 

participants were recruited from Temple University’s Osher Lifelong Learning Institute 

(OLLI). 

 

Protocol 

Delay Discounting Tasks 

 Participants completed three, differentially-framed online delay discounting tasks. 

These tasks were Python web-based applications that participants completed via a 

browser. In each task, participants chose between an immediate reward and a delayed 

reward. Although all rewards were hypothetical, participants were asked to decide as if 
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rewards were real. Future rewards were either $900, $1000, or $1100. The delay periods 

were 1 day, 1 week, 1 month, 6 months, and 12 months. The future reward amount was 

pseudo-randomly assigned to one of the three frame types: traditional, loss, and bonus. 

Presentation of delay periods was randomized, but the same delay periods were used in 

each version of the task.   

 

Traditional Discounting Task  

 The traditional discounting task was adapted from O'Brien, Albert, Chein, and 

Steinberg (2011). In the task, participants were asked to make choices between an 

immediate smaller sum of money and a larger future sum of money. If the immediate 

reward was chosen on a given trial, the next question presented an immediate reward 

halfway between the prior immediate reward value and zero (i.e. a lower amount). If the 

delayed reward was chosen, the next question offered an immediate reward midway 

between the prior immediate reward and future reward. This narrowing pattern continued, 

with all subsequent questions presenting immediate values midway between the reward 

rejected and the previously rejected higher or lower reward, until a participant’s choices 

converged upon an indifference point, to the nearest dollar. An indifference point is the 

value subjectively equivalent to the discounted delayed reward if the value were offered 

immediately (Ohmura, Takahashi, Kitamura, & Wehr, 2006). Lower indifference points 

indicate increased devaluation of delayed rewards in favor of immediate rewards. Put 

differently, a lower indifference point is often interpreted to indicate higher impulsivity.  
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Loss-framed Discounting Task  

 The loss-framed version of the delay discounting task proceeded in the same 

fashion as did the traditional. However, an additional line was added to each choice 

option that made explicit loss information that was previously implicit (Figure 3). That is, 

it reminded participants that by taking a $600 reward now instead of $1000 in 1 month, 

for example, they would effectively be “forfeiting” $400. In each trial, the amount 

displayed as forfeited was the difference between the future and immediate reward. On 

the future reward side, an additional line was added to indicate that choosing the future 

reward would result in $0 forfeited (See Figure 4 for example trial). 

 

Bonus-framed Discounting Task  

 In the bonus-framed version of the task, the future reward was split into two lines. 

The first line matched the immediate reward, and the second presented the remainder of 

the total future reward as a “bonus” (Figure 4).  For instance, in the canonical task a 

participant might select between a future reward of $1,100 and the immediate reward was 

$800. In the bonus frame, the participant would see the immediate reward as $800, with a 

bonus of $0, and the future reward as $800 plus a bonus of $300.  
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Figure 3. A sample trial from the delay discounting tasks in the loss (left) and bonus 

(right) frames. 

 

Mortality Estimate 

Participants were asked to estimate their mortality by self-reporting the 

probability that they will live-to various benchmark ages. This was included in order to 

control for decisions that may be made partially due to expectations of mortality. That is, 

decisions to take an earlier reward because one might not be alive to receive or fully 

utilize a future reward (Payne, Sagara, Shu, Appelt, & Johnson, 2013). 

 

Demographic And Background Questionnaire 

To avoid priming participants, the demographic and background questionnaire 

was completed after all other tasks. Participants were asked report their age (in years) and 

gender (male, female, other). Higher discounting has been observed in people with lower 

incomes (Green, Myerson, Lichtman, Rosen, & Fry, 1996) and less education (Reimers et 

al., 2009). Therefore participants were asked to reported their level of education (Less 
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than High School, High School / GED, Some College, 2-year College Degree, 4-year 

College Degree, Master’s Degree, Professional Degree, Doctoral Degree), and annual 

income (in dollars, pre-tax). Participants were also asked to self-report how much they 

value their time, as well say how financially secure they feel, both on 5-point Likert-style 

scales. These items were included because each could plausibly affect discounting 

behavior.  

 

Analysis 

Discounting Factor 

Per prior research (Odum, 2011), the indifference values for each delay point was used to 

calculate a discount rate. The discount rate (k) is an index of the degree to which an 

individual devalues delayed rewards as a function of the length of delay to receipt of the 

delayed reward (O’Brien, Albert, Chein, & Steinberg, 2011; Ohmura et al., 2006). There 

are several ways to compute this value (Odum, 2011). Here k value is calculated using 

the hyperbolic function: 

V = A/(1 + kD) 

where V is the subjective value of the delayed reward (indifference point), A is the actual 

value of the delayed reward, D is the time delay interval, and k is the discount rate. 

Higher discount rates indicate increased devaluation of delayed rewards in favor of 

immediate rewards, and is often interpreted to indicate higher reward impulsivity. 

Discount rates were calculated for each time delay and then averaged to create a 

composite measure of discount rate for each participant. These were calculated separately 
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for each version of the delay discounting task. Finally, as discounting scores are rarely 

normally distributed (e.g. Johnson & Bickel, 2002),  all k values were log transformed 

prior to any non-parametric analyses. 

 

Framing Susceptibility 

One aim of this research is to determine whether reframing reward information 

can influence a person’s propensity to choose a delayed reward. To assess this, loss and 

bonus framing susceptibility scores were calculated by subtracting each participant’s 

composite loss or bonus k value from their respective traditional k value. A loss framing 

susceptibility score of zero would indicate that a participant is not susceptible to loss 

framing, while high positive scores would indicate increasing susceptibility. A negative 

framing susceptibility score would indicate that the reframed information made 

participants devalue future rewards more, compared to the traditional frame. 

 

  



 
 
14 

CHAPTER 3 

STUDY 1: RESULTS 

Framing Effects 

Framing effects were first examined for younger, middle, and older adult samples 

separately. Based on visual inspection, younger adults (n=139, Mage=20.2) exhibited 

hyperbolic discounting of future rewards in all framing conditions (Figure 5). In this 

cohort, a repeated-measures ANOVA revealed a significant difference among the k 

values from the three frames of discounting tasks, F(1,118)=9.80 p<.001. Post hoc tests 

using the Bonferroni correction revealed composite loss frame values were significantly 

lower than gain frame ones (p<.01), but not significantly different than bonus frame 

values (p=.28). However, when comparing the scores at the longest delay period, 12 

months, both loss and bonus scores were significantly lower than gain scores (p<.01).  

Middle aged (n=129, Mage=39.0) adults exhibited similar patterns of discounting 

as younger adults. The same statistical approach revealed that middle aged loss frame k 

scores were significantly lower than gain frame scores (p<.01). Older adults (n=55, 

Mage=73.3) discounted significantly less in the loss condition (p<.01) at the 12 month 

delay, and numerically—though not significantly—less in the bonus condition. All other 

differences were non-significant. The discounting curves of each group is depicted in 

Figure 4.  
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Figure 4. Effect of frame on delay discounting in younger (left), middle (middle) older 

(right) adults.  

 

Frame Susceptibility Across The Lifespan 

 There was a significant negative correlation between age and loss framing 

susceptibility (p<.001, R2=.15; Figure 5). However, the data were better fit when 

assuming a quadratic relationship between age and framing susceptibility (R2=.30; Figure 

6).  

 

Figure 5. Framing susceptibility across the lifespan 
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CHAPTER 4 

STUDY 1: DISCUSSION 

Study 1 Discussion 

 I hypothesized that reframing a traditional delay discounting task as either a loss 

or a bonus would attenuate delay discounting within-participant. This was correct for the 

loss frame, both when considering aggregate k scores as well as those at several distinct 

delay periods. This effect was observed at least one delay period for all three age cohorts. 

That is, the results from Study 1 suggest that, across lifespan, reframing intertemporal 

choices to include implicit loss information attenuates discounting of future rewards. The 

underlying mechanism that drives this altered behavior is unclear. For the loss condition, 

one explanation is that framing options in terms of losses evoked loss aversion in 

participants, nudging them to more frequently choose the delayed option, which carried 

no loss. To address this hypothesis, I captured loss aversion via an independent measure 

in Study 2 and examined if it covaries with my existing loss framing measures. 

 I also examined how loss framing susceptibility changed with age. Although it 

was unclear whether there was a negative or quadratic relationship per se, there did seem 

to be a significant relationship between age and framing susceptibility. One possible 

explanation for this relationship is that feelings of regret change with age. Regret 

involves thinking about the past, so it is likely that people who experience more regret are 

more oriented to think about the past. This past-orientation may come at the expense of 

future-orientation, which has been associated with reduced delay discounting (Steinberg 
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et al., 2009). If true, then changes in regret across the lifespan might partially drive 

changes in loss framing susceptibility. To address this, in Study 2 included a measure of 

participant’s propensity to experience feelings of regret, which was then related to 

individual differences in this propensity to the previously described loss framing 

measures. 

 In terms of bonus framing, the manipulation resulted in the significant attenuation 

of delay discounting, as hypothesized, but only at the longest delay period measured, 1 

year. This indicates that bonus framing may be most effective when the decision involves 

a more significantly delayed future rewards. As such, for Study 2, delay periods were 

shifted forward in time. This is described in further detail in the Methods section of Study 

2. The effect of bonus framing also could not be fully analyzed due to incomplete data 

stemming from a coding error with the randomization of the protocol blocks. This error 

altered my protocol flow such that none of the Amazon Mechanical Turk participants, 

which contained the all of the middle aged participants, completed the bonus frame task. 

Consequently, the results from Study 1 do not make clear whether there is a quadratic or 

negative linear relationship between framing susceptibility and age. Specifically, it is 

possible that the superior quadratic fit is merely a byproduct of the relative sparsity of 

data in the 40-50 age range (Figure 5). As a result, two protocol adjustments were made 

for Study 2. First, the randomization scheme was corrected to ensure all participants 

completed every component of the study; second, age restrictions were added to the 

Amazon Mechanical Turk query to ensure the middle-aged participants were more 

heavily recruited.  
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 Finally, the results from Study 1 suggest that framing may be an effective way to 

support delayed gratification in a variety of age groups, including older adults, in 

hypothetical monetary scenario. The results do not, however, reveal whether such 

framing would be effective when applied to a highly consequential real-life decision, 

such as when to begin collect Social Security. In many ways, the decision of when to 

begin collecting Social Security closely mirrors a delay discounting task: individuals 

must choose between a smaller-sooner monthly payment and a larger delayed monthly 

payment. Despite this theoretical similarity, it remains to be seen how participants would 

behave if they were asked to make binary choices about delaying Social Security 

collection. To address this question, an abbreviated Social Security discounting task was 

added to the protocol, detailed in the subsequent Methods section.  

 To summarize, Study 1 results revealed a number of interesting findings about the 

interaction between delay discounting, and framing, but raised several other research 

questions and hypotheses relating to factors that may underlie framing susceptibility and 

to role of age in these phenomena. Study 2 aims to test these follow-up hypotheses 

ensuing from Study 1.  
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CHAPTER 5 

STUDY 2: METHODS 

Hypotheses 

Hypothesis 1: Individual variability in loss framed discounting and loss framing 

susceptibility are significantly related to severity of loss aversion and propensity to 

experience regret. 

Hypothesis 2: Bonus framing can significantly attenuate delay discounting particularly 

for rewards in the more distant future. 

Hypothesis 3: There is a quadratic, u-shaped relationship between framing susceptibility 

and age. 

Hypothesis 4: Loss framing will be also effective in attenuating delay discounting in a 

task in a Social Security claiming context. 

 

Power Analysis 

 To ensure sufficient power (80%) to detect the critical between-age group 

differences in discounting and framing susceptibility, I conducted a power analysis using 

G Power (Faul, Erdfelder, Lang, & Buchner, 2007). Study 1 revealed a medium effect 

size (d=.41) in framing effects in younger adults. After converting our Cohen’s d to effect 

size f, the power analysis revealed that sample size of 52 participants per age cohort 

would be sufficient to detect main effects and interactions. Given that approximately 15% 

of preliminary behavioral delay discounting data was not usable, I planned to recruit at 

least 60 younger adults from Temple’s SONA system and at least 60 older adults from 



 
 
20 

the Osher Lifelong Learning Institute. Finally, I calculated the number of participants to  

recruit via Amazon Mechanical Turk (aged 25 to 80) with two additional considerations.  

First, online samples can have lower data quality (Rouse, 2015), and second this sources 

draws on a significantly wider age range. To ensure adequate sufficient power, I therefore 

assumed that my data quality will be half as good (i.e. up to 30% unusable), and planned 

to collect at least 250 participants via Amazon Mechanical Turk.  

 

Preregistration 

 The findings from Study 1, several of hypotheses for this research were 

preregistered on the Open Science Framework (https://osf.io). After the collection and 

analysis of the younger adult data, the planned data collection, protocol, and hypotheses 

for older and middle aged adults were preregistered on April 9, 2018. At the time of 

preregistration, no middle or older adult data had been collected. Younger adult data were 

used, however, to calculate target sample sizes, based on observed power, as noted above.  

 

Participants 

 Five hundred and eighty nine participants completed the experimental protocol. 

Participants who failed the attention check (n=129) were excluded from subsequent 

analysis. Participants who had a k value in any of the three delay discounting tasks that 

was greater than two standard deviations from the mean of that task (n=41) were also 

excluded. The remaining participants (n=416; 237 women) were used for the subsequent 

https://osf.io/
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analyses. For age-related analyses, participants were again grouped into younger (n=238), 

middle (n=110), and older (n=68) adult cohorts.  

 

Modified Protocol 

 All participants completed the same protocol. This protocol included the tasks 

previously detailed: three differentially framed delay discounting tasks, mortality 

estimation task, and a demographic and background questionnaire. Four additional 

components were also added to address the proposed hypotheses.  

 

Delay discounting Tasks 

 The traditional, loss-framed, and bonus-framed delay discounting tasks were 

identical to those used in Study 1 with one exception. For Study 2, the 1 day delay period 

was substituted with  a 18 month delay period. Consequently, the five delay periods 

presented were 1 week, 1 month, 6 months, 12 months and 18 months.  

 

Loss Aversion 

 Several measures have been used to approximate an individual’s aversion to loss, 

which can be divided into those involving risk (e.g. Amos Tversky & Kahneman, 1992), 

and those that do not (Tversky & Kahneman, 1991). The present study pertains to 

intertemporal choices that differ in reward magnitude and delay to receipt, but that have a 

do not have any assumed risk of not being realized. Therefore, to independently capture 

loss aversion, I adapted a measure of riskless loss aversion (Tversky & Kahneman, 1991). 
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In this task, participants are asked to give their willingness to pay (WTP) for a mug—

assuming they are spending their own money. They are told to imagine that they 

purchased the mug for the price they specified. They are then asked the lowest dollar 

amount they would accept, i.e. their willingness to accept (WTA), to immediately resell 

the unused item. The same procedure was carried out for another item, a pen. A 

participant’s loss aversion score in this case was equal to the gap between their WTA and 

WTP, also referred to as the “endowment effect”. If someone is willing to pay a $5 for a 

mug, and will then accept $5.01 to resell, this could be interpreted as very low loss 

aversion; if the lowest amount they are willing to accept were $8, it could be interpreted 

as high loss aversion.  

 

Regret Scale 

 To measure individual differences in propensity for regret, I included an 

abbreviated version of the Schwartz Regret Scale, a five-item questionnaire in which 

participants respond to each item on a 5-point Likert-type scale (Nenkov, Morrin, Ward, 

Schwartz, & Hulland, 2008; Schwartz et al., 2002). This scale measures people’s 

tendency to experience regret about their choices. 

 

Two-shot Social Security discounting tasks 

 The choice of when to begin collecting Social Security is similar to a delay 

discounting scenario. To examine whether the framing effects observed in Study 1 might 

be applicable to Social Security policy, I created abbreviated versions of the traditional 



 
 
23 

and loss discounting task, modified to be in the context of Social Security claiming. In 

the tasks, participants were asked to imagine they are a particular age and to decide 

between claiming Social Security immediately for a smaller monthly benefit or delaying 

until a later age for a larger monthly benefit. The choices were either framed traditionally 

as two gains, or to include loss information.  

 In the traditional frame, after making an choice for immediate or delayed 

collection, participants were prompted to self-report the minimum monthly payment that 

they would accept in order to collect Social Security immediately. That is, they were 

effectively asked to self-report their indifference point. In the loss-framed version, 

participants were asked to report the maximum amount they would be willing to forfeit in 

order to begin receiving Social Security immediately. This amount was then subtracted 

from the future reward to yield their self-reported indifference point. This was completed 

within-subject, and a framing susceptibility score was again calculated by subtracting 

each participant’s gain-framed k value from their loss-framed one. A schematic of the 

loss-framed Social Security task is summarized in Figure 6.  
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Figure 6. Two-shot loss-framed Social Security discounting task. 

 

Attention check 

 To decrease participant boredom and obscure underlying within subject 

manipulation, delay discounting tasks were assigned different future reward values, and 

each of the five delay points were shuffled. Nonetheless, this study essentially required 
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participants to answer many questions several times, which could lead decreased 

attention or to arbitrary responses. Aside from collecting a large sample, I tried to further 

mitigate poor data by including an attention check. The attention check visually 

mimicked the feedback portion of two-shot Social Security discounting task, but in the 

second sentence stated “This is an attention check to ensure you are following 

instructions”, and instructed them to enter “check” in lieu of a numeric value.   

 

Analysis 

Statistical analyses were performed using R (Version 3.4.3) and SPSS (Version 

24). After the outlier removed described above, data were examined for normality. Some 

variables, including delay discounting measures were significantly non-normal in 

distribution. Log transformations of non-normal variables improved distribution, but 

several variables were still significantly non-normal. As such, non-parametric bivariate 

Spearman’s correlations were first employed to examine the relationship among 

continuous and ordinal variables.  

I then performed a series of repeated-measures ANOVA tests to determine 

whether frame significantly altered discounting values, within-participant. Prior to these 

tests, data were checked to ensure distributions of the residuals were normally distributed 

and did not have significantly different homogeneity of variance. Post hoc tests using 

Bonferroni correction were used to assess pair-wise differences between framing 

conditions.  
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CHAPTER 6.  

STUDY 2: RESULTS 

Relationship among continuous variables 

Demographic 

Two-tailed Spearman’s bivariate correlations revealed that age was significantly 

positively correlated with several self-reported measures (summarized in Figure 7). 

Specifically, older participants tended to have higher levels of education (r=.52, p<.001). 

Older participants also tended to have higher annual incomes (r=.62, p<.001), and to 

value their time more highly (r=.29 p<.001). Age was significantly negatively correlated 

with estimated probability of living to the age of 95 (r=-.21 p<.001), such that older 

participants reported that they had a lower probability of living to 95. Older participants 

also tended to have lower levels of regret (r=-.21 p<.001). Scatterplots of the relationship 

between age and other variables is illustrate in Figure 8. 
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Figure 7. Matrix of correlations among continuous and ordinal variables. Blue values 

indicate positive correlations; red values indicate negative correlations. Shape and color 

of ellipses indicate strength of correlation, and directionality, respectively.  LFS = loss 

framing susceptibility; BFS = bonus framing susceptibility. *p < .05; **p < .01; ***p < 

.001 
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Figure 8. Scatterplot depicting statistically significant relationships between age and 

other variables.  

 

Delay Discounting Tasks 

 Age was significantly negatively correlated with both traditional (r=-.23, p<.001) 

and bonus-framed (r=-.17, p<.01) delay discounting k values. That is, older individuals 

tended to discount less than younger individuals in these two discounting tasks. Similarly, 
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age was negatively correlated with the k values from the traditional (r=-.24, p<.001)  and 

loss-framed (r=-.26, p<.001) Social Security discounting tasks.  

 Given that level of education was not uniform in the participant pools, a partial 

correlation was run to determine the relationship between an individual's age and 

traditional delay discounting while controlling for education. After controlling for age, 

there was still a negative partial correlation between age and delay discounting that 

remained statistically significant (r= -.23, p<.001). This indicates that education was not 

likely driving the observed age-related differences in delay discounting. 

 There were also several significant relationships among the calculated k values for 

the difference discounting tasks. Specifically, traditional discounting k values predicted 

bonus (r=.56, p<.001) and loss frame values (r=.36, p<.001), as well as traditional (r=.39, 

p<.001), and loss frame scores (r=.36, p<.001) from the Social Security discounting task 

(Figure 9). That is, individuals who discounted future rewards in the traditional version of 

the task, also tended to discount more in the other versions of the task as well. 

  

Loss Aversion 

 Per previous research (A. Tversky & Kahneman, 1991), a loss aversion score was 

calculated by subtracting WTA from WTP dollar amounts for two items—a mug and a 

pen. For both the mug and the pen, there were many extreme outliers as well as many 

negative values. A negative WTA-WTP gap is hard to interpret as it indicates that a 

person is willing to accept an amount of money less than that which they had just 

reported that they would be willing to pay. This is an odd outcome as there have been 
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several replications showing that this task, adapted from Tversky and Kahneman (1991), 

elicits a relatively predictable WTA-WTP gap. However, there have been several 

instances of failure to replicate this phenomenon (e.g. Plott & Zeiler, 2005). Others have 

argued that the endowment effect measured here may be caused by ownership rather than 

loss aversion (e.g. Morewedge, Shu, Gilbert, & Wilson, 1997). Finally, aside from the 

small differences design that may have affected results, my sample was also much more 

heterogeneous than the original study, which consisted of ninety Princeton 

undergraduates. Regardless of why my task did not evoke this WTA-WTP gap, the 

ensuing data did not seem to represent loss aversion. Therefore, this variable was 

excluded from subsequent analyses.  

 

Framing Susceptibility 

 Framing susceptibility scores, i.e. the gap between traditional and either loss or 

bonus framed k values, also significantly correlated with a number of variables. First, loss 

and gain frame susceptibility were positively correlated (r=.24 p<.001), indicating that 

people who were more susceptible to loss framing also tended to be more susceptible to 

bonus framing. Loss framing susceptibility was also correlated with traditional k values 

(r=.56 p<.001), indicating that individuals who tend to discount future rewards more, also 

tend to be more susceptible to loss framing. Conversely, loss framing susceptibility 

negatively correlated with age (r=-.20 p<.001), such that older adults were less 

susceptible to loss framing. Similarly, loss framing susceptibility was negatively 

correlated with education (r=-.15 p<.01), and income (r=-.18 p<.01). That is, older, more 
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educated, and wealthier individuals each tended to be less susceptible to loss-framing.  

Figure 9. Statistically significant relationships between loss-framing susceptibility and 

several other variables.  

 

Regret 

The regret scale aimed to measure a participant’s tendency to experience regret about 

their past choices. Beyond the relationship with age mentioned above, regret was 

positively associated with both traditional k (r=.15 p<.01) and loss-framed k (r=.14 

p<.01) from the delay discounting tasks. Similarly, regret was negatively correlated with 
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traditional k (r=.17 p<.001) and loss-framed k (r=.20 p<.001) from the Social Security 

discounting tasks. That is, across frame and task context, participants who reported a 

higher propensity for regret also tended to more highly discount future rewards (Figure 

10).  

Figure 10. Statistically significant relationships between regret and measures of delay 

discounting.  

Differences Between Age Cohorts 

Framing effects were then examined separately for each age cohort. For younger adults 

(n=238), a repeated-measures ANOVA revealed a significant difference among the k 

values from the three discounting tasks,  F(1,238)=15.64  p<.001. Post hoc tests using 

Bonferroni correction revealed younger participants discounted less in both the bonus 
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(M=.012) and loss (M=.008) frames, compared to the gain frame (M=.015). For the 

middle-aged adults (n=110), there was a significant difference among the k values from 

the three discounting tasks, F(1,238)=3.28  p<.05. Loss framing values (M=.006) were 

significantly lower than gain framing scores (M=.009), p<.05. Bonus framing scores did 

not differ significantly from either group. For older adults (n=68), delay discounting rates 

did not significantly differ among framing conditions. However, loss-frame scores were 

numerically lower than traditional frame scores and were trending significant (p=.10). In 

addition, loss-framed delay discounting was significantly lower than traditional for older 

adults at the longest delay period, 18 months (p<.05). The delay discounting frame and 

age findings are of summarized in Figure 11. 

 

Social Security Discounting Task 

The Social Security discounting tasks asked participants to make an initial choice 

between claiming Social Security immediately for a smaller monthly amount and waiting 

to claim a larger monthly amount. After this, they were asked to self-report their 

indifference point. This was done in both loss and gain frames, similar to the other 

versions of the delay discounting tasks. Using the same statistical approach previously 

described revealed that discounting scores in the loss frame (M=.0016) were significantly 

lower than in the traditional frame (M=.0003), p<.01), when considering all ages. As this 

is most relevant for older adults, and older adults were less susceptible to framing, I also 

ran the test for older adults only. As a cohort, older adults also had significantly lower 
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Social Security discounting in the loss (M=.00008) compared with traditional frame 

(M=.00014), p<.01, Figure 12. 

Figure 11. Effects of framing on delay discounting by in each age cohort. **p < .01; ***p 

< .001 
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Figure 12. Mean k scores for traditional and loss framed Social Security delay 

discounting tasks for older adult participants. ** = p < .01. 
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CHAPTER 7 

STUDY 2: DISCUSSION 

Study 2 Discussion 

 Study 2 sought to both replicate and to extend the findings of Study 1. 

Specifically, I hypothesized that individual variability in loss framed discounting and loss 

framing susceptibility would be significantly related to severity of loss aversion and 

propensity to experience regret. I could not with confidence address the former because, 

as described previously, the protocol did not seem to reliably capture each participant’s 

tendency to be loss averse. On the other hand, propensity to experience regret did co-vary 

with loss-framed discount rates. Interestingly, regret predicted individual differences in 

delay discounting across all five tasks. It did not, however predict loss framing 

susceptibility. Taken together, this suggests that regret is a key factor in determining how 

much an individual discounts in wide variety of contexts. This relationship may exist 

because those who experience regret might be more focused on the past rather than the 

future, decreasing their ability to delay gratification. This theory is elaborated upon in the  

 Based on the findings from Study 1, I also hypothesized that bonus framing would 

be more effective when the delay periods were shifted further into the future. The results 

from Study 2 suggest this is the case: bonus framing significantly reduced overall 

discounting compared to the traditional frame. This also held true when considering only 

the younger and middle-aged cohorts. However, bonus-framing did not significantly 

reduce older adults discounting, though the trend was in the same direction.  
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 Regarding loss-framing, Study 2 results were largely consistent with that of Study 

1. Broadly, mean delay discounting scores were lower for the loss-frame than for the 

traditional when including participants of all ages. Also similar to Study 1, the older adult 

sample in Study 2 only exhibited significantly reduced delay discounting in the longer 

delay periods. This finding seems not to be particular to either the loss-frame or older 

adults per se, but rather a product of the delay period: longer delays seemed to accentuate 

the separation among the frames—across age group. In understanding these findings it is 

also important to note that power to detect differences in the older adult group was also 

lower, due to sample size (n=68). 

 I also hypothesized that there was a u-shaped relationship between framing 

susceptibility and age. The data from Study 2 do not support this perspective. Instead, I 

found that there was a negative linear relationship between both loss and boss framing 

susceptibility and age. This finding supports the alternative explanation previously 

proposed: that a relative sparsity of data for middle aged adults obscured an underlying 

linear relationship. 

 Finally, Study 2 also examined the potential efficacy of framing in a more 

ecological, Social Security claiming context. I found that making explicit the loss 

information associated with claiming Social Security early significantly reduced 

discounting. Critically, this effect held when considering only the age group who makes 

this decision in real life, supporting the viability of apply framing to alter real world 

claiming behavior.  
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CHAPTER 8 

GENERAL DISCUSSION 

General Discussion 

 Every day to we make decisions that require us to choose between actions that 

provide us with an immediate small reward, and a future larger reward. For some, this 

dislike for waiting leads them to massively discount delayed rewards. People also greatly 

dislike losing. For some, the thought of losing is so distasteful that they will accept huge 

risks to avoid it. Discounting preferences, however, are not wholly rigid—they tend to 

change both as we age (Seaman et al., 2016) and by context (Lempert & Phelps, 2016). 

While many studies have examined these phenomena individually, few have attempted to 

mitigate these biases, or interact them in a controlled experiment. Indeed, this is the first 

study to attempt to bridge delay discounting, framing, and aging literatures. 

 In bridging these literatures, this study replicated several previously observed 

relationships among demographic variables, (e.g. age positively correlated with both 

level of education and income), providing a sanity check. With regard to discounting, 

some studies have found that age does not alter discounting (Chao et al., 2009; Rieger & 

Mata, 2015; Roalf et al., 2012; Samanez-Larkin et al., 2011; Whelan & Mchugh, 2009), 

while others have found an increase (Read & Read, 2004) or decrease in discounting with 

age (Eppinger et al., 2012; Green et al., 1994; Löckenhoff et al., 2011). My results align 

with the latter body of research, i.e. that discounting tends to decrease with age; this was 

true for both the traditional and bonus frames of the discounting tasks. This relationship 
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held even after controlling for education, suggesting that the observed relationship was 

likely not due to educational or simple socioeconomic differences.  

 I also found that susceptibility to both the loss-framing manipulation and bonus-

framing, decreased with age. Only a handful of other studies have examined how 

susceptibility to framing varies across the lifespan. Based on a risky-choice task where 

options are framed as either gains or losses, children seem to develop susceptibility to 

framing effects from preschool age to fifth grade (Reyna & Ellis, 1994). Using a similar 

paradigm with younger and older adults, one study found that all adults exhibited risk 

aversion in the gain frame, but only younger adults were risk-seeking in the loss frame 

(Mikels & Reed, 2009). This finding corroborates my result that older adults tend to be 

less susceptible to loss-framing. Although underlying mechanism driving this age-related 

difference is unclear, older adults may be less susceptible to loss framing due to a 

relatively reduced response in loss anticipation (Larkin et al., 2007). Loss framing 

susceptibility was also more prominent in individuals with lower incomes and lower 

education. This is encouraging as it is lower income, less educated individuals who rely 

more on Social Security income, and who would therefore benefit from support to delay 

collecting.  

 As was the first study to explore bonus framing in a delay discounting context, the 

underlying mechanism is not clear. Broadly, the bonus frame may be effective because it 

splits the future reward into two, altering the mental accounting of the decision scenario. 

In mental accounting, people often separate money into different categories and generally 

do not behave as if money is fungible (Thaler, Kahneman, & Tversky, 2000). That is, 
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they irrationally treat a dollar in one category as different than one in another. 

Alternatively, or perhaps additionally, splitting the future reward into two facilitated 

attribute comparison, and largely removed the need for arithmetic. Participants doing a 

line-by-line comparison of the choices could see that the first line of reward was always 

equal; for the second line, the future ‘bonus’ was always greater than the immediate one 

(always zero). This theory would be consistent with eye-tracking studies suggesting that 

when given two options with multiple attributes, people often horizontally compare 

attributes before making a decision (Shi, Wedel, & Pieters, 2013).  

 Another aim of this study was to examine the relationship between regret and 

intertemporal choice. Developmental research indicates that feelings of regret emerge 

between the age of five and seven years old (Guttentag & Ferrell, 2004), and then decline 

with age (Timmer, Westerhof, & Dittmann-Kohli, 2005). Consistent with this literature, 

regret decreased markedly with age in the study at hand. This decline with age is thought 

to adaptive due to dwindling opportunities to address regrets; that is, the older we 

become, the less time we have left to correct “mistakes”. This is also potentially adaptive 

from an economic perspective, as regrets could increasingly be considered sunk costs 

(Arkes & Blumer, 1985) the older one becomes.  

 Interestingly, there was a positive correlation between regret scores and delay 

discounting k values. That is, people who tended to experience more regret, also tended 

to discount future rewards more. This was a robust relationship observed across all five 

delay discounting tasks. As this is the first study to reveal this association, why higher 

regret is associated with high discounting is unclear. One possible explanation is that in 
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both cases individuals may be less future-oriented. This postulation would be consistent 

with research showing that lower future orientation is associated with greater discounting 

(Steinberg et al., 2009). It is feasible that being regretful leads to past orientation (or vice 

versa), which comes at the expense of future orientation, leading to devaluation of future 

rewards.   

 To this point, I have shown that loss and bonus framing tend to reduce the amount 

by which an individual discounts future hypothetical rewards. Could such research be 

used to guide an intervention supporting older adults to delay collecting Social Security? 

While efficacious in younger adults, the alternative frames did not significantly affect 

older adult delay discounting in the standard context. However, in the Social Security 

context, loss framing did reduce discounting in older individuals. That is, asking older 

adults to report the future quantity they would effectively forfeit by claiming Social 

Security immediately may be an effective way to encourage delayed collection. More 

generally, these findings have implications for other important delay discounting 

scenarios, such as health-related intertemporal choices. 

As they age, older adults also face daily intertemporal choices that are 

increasingly consequential to their health. For instance, older adults must frequently 

choose between the immediate gratification of being sedentary and preventive health 

measures such as exercise that result in future good health. Delay discounting has also 

been connected with addictive behaviors. For instance, cigarette smoking, which is 

increasingly dangerous with age, involves the rapid loss of subjective value for delayed 

outcomes (LaCroix, Guralnik, Berkman, Wallace, & Satterfield, 1993). Gambling, which  
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is increasingly a form of recreation and entertainment for older adults, is also associated 

with steep discounting (McNeilly & Burke, 2000). Further, when gambling and substance 

use co-occur, the effects on discounting can be additive, and trap older adults in a 

feedback loop (Andrade, Alessi, & Petry, 2013).  

 Similarly, higher discounting rates have been associated with overeating and 

obesity (Rasmussen, Lawyer, & Reilly, 2010), which in turn increase the likelihood of 

deadly heart disease and certain types of cancer (Haslam & James, 2005). Finally, older 

adults are known to discount when making medical decisions; for example, they are more 

likely to discount temporally delayed health benefits from hypothetical drugs (Seaman et 

al., 2016).  

 Each of these situations is in essence a delay discounting scenario, in which many 

people opt for the immediately pleasurable, yet ultimately unhealthy option. Given this 

similarity, it is possible that framing techniques similar to the ones described here could 

be leveraged to support normative decision making across domain. Such interventions 

would have to be tailored to the specific behavior, but reframing choices as either losses 

or bonuses in such contexts could very well improve outcomes. 

  

Limitations and Future Research 

 This study did not fully identify the underlying mechanism that drives the 

observed framing effects. Although I attempted to assay loss aversion, the ensuing data 

suggested that the design of the protocol did not properly elicit the participant’s 

individual loss aversion. Future research that more precisely measures loss aversion in 



 
 
43 

addition to loss framing susceptibility will determine whether or not the two are related.  

Further research examining why bonus framing changes behavior would be similarly 

helpful, especially as it is possible that some individuals are more susceptible to one type 

of framing or the other.   

 In the study at hand intelligence was not measured due to the method of 

collection; there is currently no validated online measure of general intelligence. Other 

types of framing effects have been shown to inversely correlate with general intelligence 

(E. Stanovich & West, 1998), which could plausibly explain some of the effects found 

here. However, intelligence tends to be stable across the lifespan, or decrease slightly. 

From this perspective, one would expect framing susceptibility to be constant or increase 

with age. Contrary to this, my results showed that framing effects decrease with age, 

suggesting that intelligence alone did not drive the observed differences in framing 

susceptibility.  

 Although fairly large, the sample collected was not perfectly representative of the 

general population. The older adult cohort was skewed to be wealthier and more educated 

than the other participants. Although attempts were made to account for this 

inhomogeneity by statistically controlling for factors such as education, it is possible that 

other, unmeasured factors related to socioeconomic status account for some of 

relationships observed. In the future, an even more representative sample could be 

obtained by sourcing participants from community centers or retirement homes, in 

addition to learning centers such as OLLI.  

With age comes a constellation of cognitive changes, including a general trend of 
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cognitive decline. Why, then, would older adults tend to exhibit improved performance in 

some delayed gratification scenarios, yet still significantly discount in other critical 

financial and health contexts? Preliminary research exploring the possible psychological 

mechanisms underlying age differences in temporal discounting implicate affective—

rather than cognitive—mediators (Löckenhoff, 2011). Older adults tend to make more 

accurate affective forecasts of the experience of these rewards over various delays and 

have superior mental health. Emerging theories suggest that changes in cognition, 

emotion, motivation, and experience across adulthood influence decision making, leading 

older adults to sometimes outperform or underperform in reward-maximizing decision 

tasks relative to young adults (Brown & Ridderinkhof, 2009; Hsu, Lin, & McNamara, 

2008; Laibson, Gabaix, Driscoll, & Agarwal, 2007; Mather, 2006; Peters, Hess, Västfjäll, 

Auman, & Vastfjall, 2007). Although examining these factors in isolation has been 

critical for our understanding of aging and decision making, research on the interplay of 

these factors is needed clarify the mechanisms that underlie changes in decision making 

behavior across the lifespan.  
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