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ABSTRACT 
 
 

Drawing from the decision-making literature, the framing and cross-modal discounting 

paradigms were used to investigate the effect of age on the subjective valuation of technology.  

Using the framing paradigm to covertly measure age differences in relative subjective valuation, 

it was hypothesized that older adults would undervalue technology relative to younger adults and 

when compared to non-technology-related rewards.  Through the use of the cross-modal 

discounting paradigm, it was also hypothesized that older adults would display a larger perceived 

attribute difference between technology and non-technology-related rewards when compared to 

younger adults.  

Three experiments were conducted utilizing both online and in-lab samples.  Analysis of 

the framing items revealed few age differences in risky choice preferences across the scenario 

modalities.  Gift cards for technology or non-technology-related items were not found to be 

subjectively valued differently between age groups, or differently from unallocated money 

within age groups.  Analysis of the cross-modal discounting items revealed a subset of 

individuals, evenly distributed across age groups, which perceived a large attribute difference 

between the gift cards, showing a preference for the non-technology-related reward.  These 

outwardly contradictory results and implications for older adults and technology adoption are 

discussed. 
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CHAPTER 1 

INTRODUCTION 

 

The percentage of older adults using computer technologies has risen dramatically in 

recent history. Internet use among adults 65 and older was documented as rising from 40% in 

2010 (Fox, 2011) to 61% in 2015 (Anderson & Perrin, 2015).  While this marks an 

approximately 50% increase over that time period, Internet use still lags greatly behind that of 

younger age cohorts.  For example, in 2015 81% of adults reported use of the Internet in the next 

oldest cohort, representing those aged 50-64.  Nearly all younger and middle aged adults 

reported use of the Internet (97% of 18-29 year olds and 94% of 30-49 year olds).  It is important 

to note that a portion of this rise in Internet use among older adults may be attributed to a cohort 

effect, increasing as technology-savvy individuals mature into older age cohorts over time.  This 

effect is already apparent among the contemporary older adult cohort, which in 2013 (Smith, 

2014) was shown to be marked by a notable drop off in Internet use between the 70-74 year old 

(68%) and 75-79 year old (47%) cohorts. 

 Age has been shown to have a negative relationship with the perceived ease of use and 

perceived usefulness of the Internet (Porter & Donthu, 2006), which are two significant 

predictors of technology acceptance and ultimate use behavior (Davis, 1989; Venkatesh, Thong, 

& Xu, 2012).  While both perceived costs (ease of use) and benefits (usefulness) likely influence 

the decision process when one considers the possibility of adopting a technology, perceived 

benefits have been shown to carry more weight than perceived costs in technology acceptance 

among older adults (Melenhorst, Rogers, & Bouwhuis, 2006).  Technology presumably holds a 

high objective value for, if not all, a great number of individuals.  This should especially be true 

for older adults as health care and social connectivity continue to evolve, increasing functionality 

and efficiency by utilizing computer technologies.  A high objective value of technology and the 

importance of perceived benefit in technology acceptance among older adults are incongruent 

with the disparity of technology use between age groups (Fox & Rainie, 2014).  This raises the 

question of how younger and older adults’ general perceptions related to technology ultimately 

affect their subjective valuation of technology and ultimately influence adoption behavior. 



 2 

 In the decision-making literature, the malleability of subjective value has been 

extensively studied using framing and discounting paradigms.  The purpose of the current study 

is to utilize these paradigms to study age differences in the subjective value of technology.  

Findings will provide guidance in the method of best approaching potential barriers to 

technology acceptance and adoption.  If older adults are found to subjectively value technology 

less than younger adults, efforts to get seniors to adopt a prospective technology would likely be 

best served by highlighting the potential relevant benefits of the technology.  If no age 

differences are found, age discrepancies in the rate of technology adoption are likely linked to 

the technology as being perceived as difficult to use as opposed to non-beneficial.  In this case, 

efforts to promote technology adoption among seniors would focus on the available support and 

usability of the technology. 

 
1.1 The Framing Effect 

 

In the realm of decision-making, subtle changes in the wording of decision scenarios 

have been shown to influence choice preferences.  A particularly reliable manipulation is the 

tendency of questions phrased in a manner that underscores the positive or negative aspects of a 

scenario to promote risk averse or risk seeking choices, respectively.   Coined the “framing 

effect” by Tversky and Kahneman (1981), this manipulation is best demonstrated by their “Asian 

disease” problem: 

Problem 1: 

Imagine that the U.S. is preparing for the outbreak of an unusual Asian 

disease, which is expected to kill 600 people.  Two alternative programs 

to combat the disease have been proposed.  Assume that the exact 

scientific estimate of the consequences of the programs are as follows: 

- If Program A is adopted, 200 people will be saved. 

- If Program B is adopted, there is a 1/3 probability that 600 people will 

be saved and 2/3 probability that no people will be saved. 

Which of the two programs would you favor? 

This positively framed pair of options can be contrasted with a negatively framed pair of 

logically identical options: 

Problem 2: 

- If Program C is adopted, 400 people will die. 
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- If Program D is adopted, there is a 1/3 probability that nobody will die 

and 2/3 probability that 600 people will die. 

Which of the two programs would you favor? 

 In this example, the choice options between Problem 1 and Problem 2 are logically equal.  

One can choose the option where 200 people will live and 400 people will die or the option with 

a 1/3 chance of all people living and 2/3 chance of all people dying.  Still, a pattern emerges in 

the responses with the majority of respondents choosing the sure option (Program A) in Problem 

1, where the options are phrased in a manner that highlights the positive aspects of the scenario, 

and the risky option (Program D) in Problem 2, where the negative aspects are highlighted.  A 

meta-analysis comprised of 230 effect sizes calculated from 136 separate studies, Kühberger 

(1998) found that the framing effect is a reliable phenomenon with a moderate mean effect size 

of d = .31 between conditions.  While numerous models explain the framing effect (see 

Kühberger, 1997), Kahneman and Tversky’s (1979) own prospect theory explains the framing 

effect as a result of individuals’ tendency to overvalue losses when compared to gains of the 

same magnitude. 

 
1.1.1 Prospect Theory and the Framing Effect 

 

 Prospect theory, an extension of previous theories which posit that agents evaluate 

options as purely a function of their expected value (value weighted by probability) or expected 

utility (a function of expected value, risk aversion, and perceived utility; for an overview of 

expected utility theory see: Von Neumann & Morgenstern, 1947; Fishburn, 1970), describes a 

two-step decision-making process for an agent asked to indicate a preference between two 

probabilistic alternatives (Kahneman and Tversky, 1979).  The first phase is composed of an 

editing process that, through the application of various heuristics, simplifies the decision-making 

scenario.  In the second phase, the results of the editing process are evaluated and a decision is 

made.  The value manipulation in the framing effect (describing scenarios in terms of either 

gains or losses) has influence in both steps of the decision-making process detailed in prospect 

theory. 

  

1.1.1.1 Editing Phase.  Under prospect theory, subjective value is manipulated in the 

editing phase through a heuristic labeled “coding”.  As opposed to considering outcomes by their 

final state, outcomes are perceived as gains and losses relative to a neutral reference point.  
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Consider two choice scenarios described by Kahneman and Tversky (1979).  In the first scenario, 

the agent is given $1,000 and then asked to choose between a sure increase of $500 and a 50% 

chance of gaining $1,000 (and a 50% chance of gaining $0).  In the second scenario, the agent is 

given $2,000 and then asked to choose between a sure loss of $500 and a 50% chance of losing 

$1,000 (and a 50% chance of losing $0).  Through the viewpoint of expected utility, these two 

scenarios are identical as a net positive outcome (both describe a scenario where the agent can 

choose between a sure increase of $1,500 or a risky choice where one has a 50% chance of 

gaining $1,000 and a 50% chance $2,000).  Prospect theory, on the other hand, would predict 

that the agent would mentally edit the decision scenario before evaluation of the choices and 

ultimately reaching a decision.  Through coding of the different descriptions provided in the 

scenarios, the agent would likely set their reference point after the initial gift of $1,000 or 

$2,000, resulting in the outcome choices being perceived as gains (in the first scenario) or losses 

(in the second scenario).  Indeed, Kahneman and Tversky (1979) report experimental data 

showing a significant shift in preference between the sure (perceived gain scenario) and risky 

(perceived loss scenario) options that should not be apparent if individuals’ were appraising the 

choices in terms of their expected utility. 

 

1.1.1.2 Evaluation Phase.  During the evaluation phase of the decision-making process, 

additional hypothetical weights are applied to both the values and probabilities associated with 

risky decisions, which directly influences the previously described framing effect.  Kahneman 

and Tversky (1979) propose that the value function is “S”-shaped, defined by a concave function 

above the reference point and a convex function below the reference point (see Figure 1).  This 

function has several notable features.  First the slope of the value function tapers off as the 

outcome value moves away from zero.  Reminiscent of Weber’s law for human perception (size 

of just-noticeable difference threshold is proportional to the stimulus magnitude), the difference 

between subjective values of gains or losses decreases as the outcome value increases (or 

decreases) further from zero.  As an example, Tversky and Kahneman (1981) state that the 

difference between $10 and $20 is perceived as larger than between $110 and $120 in both gain 

and loss conditions.  Second, losses are subjectively overvalued compared to gains, represented 

by a greater slope of the value function in the “losses” domain of the outcome value.  In terms of 

money, this indicates that the subjective value of a loss would be perceived as larger than that of 
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an objectively equivalent gain.  As a simple example, Tversky and Kahneman (1981) point to 

individuals’ “reluctance to accept fair bets on a toss of a coin.”  This difference in subjective 

evaluation influences individuals to embrace sure options in gain scenarios and risky options in 

loss scenarios.  In terms of the decision scenario described in the above section on the editing 

phase, the sure option is preferred in gain scenarios because the subjective value given to a sure 

gain of $500 is larger than 50% of the value given to a gain of $1,000.  The risky option is 

preferred in loss scenarios because the subjective negative value given to a sure loss of $500 is 

smaller than 50% of the negative value given to a loss of $1,000. 

 
 

 

Figure 1: Value functions for young adults (solid lines) and older adults as hypothesized by the 
“loss prevention” (short-dashed lines) and “positivity effect” (mixed-dashed lines) theories. 
 

 

1.1.2 Aging and Framing 

 

 Normative aging is associated with numerous cognitive changes that affect decision-

making across the lifespan.  Contemporary theories provide affective based accounts to explain 

age differences in decision-making and the perceived values of gains and losses.  Perhaps the 

most influential is the Socioemotional Selectivity Theory (Carstensen, Isaacowitz, & Charles, 

1999), which posits that the decreasing future time perspective over the lifespan causes older 

adults to prefer to focus on positive aspects of their environment as a method of enhancing or 
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maintaining their affective well being.  This trend results in a positivity effect, where older adults 

have been shown to display a higher preference towards diverting attention and memory 

resources towards positive material when compared to younger adults (Reed & Carstensen, 

2012).  An alternate goal orientation account theorizes that age-related changes in decision 

making are not driven by a preference for positive material (in this case, potential gains), but 

instead result from a lifespan trend where goal orientation shifts from growth and gains to 

maintenance and loss prevention as one ages (Ebner, Freund, & Baltes, 2006). Mata and Hertwig 

(2011) modeled these theories’ effects on the prospect theory’s value function, noting that the 

loss prevention account predicts a positive relationship between loss aversion and age (indicated 

by a steeper negative slope in perceived value in the loss domain) while the positivity effect 

account does not. 

The loss prevention account effectively shifts the value function with age, predicting a 

larger prevalence of the framing effect in older adults in both gain and loss conditions (compare 

the solid and short-dashed lines in Figure 1).  As goal orientation is shifted towards resource 

maintenance across the lifespan, older individuals will derive less utility from gains compared to 

their younger counterparts, leading to an increase in risk-averse choices in positively framed 

items.  In the loss domain, older adult goals shift toward loss prevention, resulting in increased 

sensitivity to losses when compared to younger adults.  For negatively framed items, this results 

in an increase in risk-seeking choices to potentially avoid losses.  As interpreted by Mata and 

Hertwig (2011), the positivity effect predicts the reverse relationship, whereas younger adults are 

more likely to display the framing effect when compared to older adults (compare the solid and 

mixed-dashed lines in Figure 1).  By focusing on the positive aspects of the decision scenarios, 

older adults are more sensitive to and derive more utility from positive outcomes (gains) than 

negative outcomes (losses).  This would result in an increased likelihood for older adults to 

choose the risk-seeking option in gain scenarios and the risk-averse option in loss scenarios. 

Experimental results have been mixed, although a recent meta-analysis (Best & Charness, 

2015) ultimately was not able to support either theoretical account.  For monetary-based outcome 

variables, older adults were found to make more sure decisions in gain-framed items, but only 

when the magnitude of the reward was small (see Figure 2).  No age differences were found for 

high-magnitude gain-framed items or loss-framed items, regardless of magnitude. 
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Figure 2: Hypothetical value functions as informed by the empirical effect-size pattern by age 
group for financial items. 
 
 

1.2 Temporal Discounting 

 

Temporal discounting describes the systematic decrease in the subjective value of a 

reward as the amount of time one must wait before obtaining it increases.  For example, 

individuals often chose to receive a smaller sum of money immediately rather than wait a period 

of time before receiving a larger sum of money.  One needs to look no further than common state 

lotteries, which often offer a smaller, lump sum payment option along with the larger, face value 

sum paid out over a period of multiple years.  Individuals have been known to pick either of 

these options, but most individuals choose the immediate, lump sum payment (Baker, Johnson, 

& Bickel, 2003), displaying a higher discount rate compared to those choosing the delayed, 

reoccurring payments. 

This reduction of perceived value as the length of delay increases follows a predictable 

hyperbolic trend defined by Mazur (1987) as V = A/(1 + kD). Perceived value (V) is calculated 

as a function of delay period (D), reward value (A), and discount rate (k).  With this model, k can 

be calculated specific to the individual and is governed by differences in valuation of the gains 

suggested by reward value and the perceived cost of waiting to receive the reward.  

 Discount rate (k) varies with gender (Kirby & Marakovic, 1996), income bracket (Green, 

Myerson, Lichtman, Rosen, & Fry, 1996), and age group (Green, Fry, & Myerson, 1994; Green, 
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Myerson, & Ostaszewski, 1999).  Discounting behavior appears in many types of non-monetary 

decision making where one must weigh variable cost and benefit values.  For example, 

hyperbolic discounting trends have been found within individual choices about expenditure of 

effort (Soman, 1998; Soman, 2004), health (Chapman, 1996), the environment (Hardisty & 

Weber, 2009), and vacations (Melenhorst, 2002). Notably, a magnitude effect is found in human 

discounting, where larger amounts are discounted at a lower rate than smaller amounts (for 

review, see Green & Myerson, 2004). 

 
1.2.1 Aging and Temporal Discounting 

 

Specific to monetary rewards, evidence for age trends is mixed, although there is some 

support for the likelihood of older adults generally displaying a lower discount rate than younger 

adults.  The greater body of previous research on the effect of age on temporal discounting has 

shown that older adults display a lower k than their younger counterparts over varying time spans 

and reward values (Green et al., 1994; Green et al., 1999; Harrison, Morten, & Williams, 2002; 

Löckenhoff, O’Donoghue, & Dunning, 2011; Reimers, Maylor, Stewart, & Chater, 2009).  A 

number of studies have also found no age differences (Chao, Szrek, Pereira, & Pauly, 2009; 

Green et al., 1996; Rieger & Mata, 2015; Roalf, Mitchell, Harbaugh, & Janowsky, 2011) and a 

limited number of studies have found the reverse age trend (Melenhorst, 2002; Read & Read, 

2004).  Green and colleagues (1999) cite various factors among older adult participants that can 

lower the perceived cost of waiting for a monetary reward (higher income level, increased 

experience with delays) that may account for their lower k compared to younger adults.  These 

factors address potential age related differences in the valuation of both the reward and delay 

parameters. 

 

1.3 Statement of the Problem 

 

 The prevailing models of technology acceptance highlight the importance of the 

perceived benefits, or the subjective value, attributed to the technology in question (Venkatesh, 

2012).  Unfortunately, subjective value is a somewhat fickle variable as heuristics are often 

employed when individuals calculate perceptions of value or the amount they are willing to pay 

for a certain good (Raghubir, 2006).  To limit the reactivity of individual reports of subjective 

value to assumptions for the goals of the study, a more covert approach was used to measure 
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relative differences in subjective value between age groups by utilizing designs from both the 

classic framing and temporal discounting paradigms.  Variants of these classic paradigms were 

created to utilize both technology and non-technology outcome variables using hypothetical gift 

cards that may only be used in a technology (e.g., computer/electronics store) or non-technology 

(e.g., department store) related capacity. 

Both framing and discounting measures are sensitive to differences in subjective value.  

Overall, larger subjective values induce greater risk taking in both positive and negative frames; 

although negatively framed items induce greater risk-taking than positively framed items, 

reflecting the higher subjective value of a loss when compared to a gain of an equal objective 

value.  Larger subjective values are also discounted at a lower rate when compared to outcomes 

of a smaller subjective value.  Age differences in the expression of framing effects and temporal 

discounting must also be taken into consideration.  For the proposed framing-based studies, age 

is only expected to influence small magnitude rewards in the gain condition (Best & Charness, 

2015).  As previously described in Section 1.2.1, age may have an effect in temporal discounting 

(Rieger & Mata, 2015), whereas older adults discount rewards at a lower rate when compared to 

younger adults. 

Differences in subjective values will be measured by comparing the results of the 

experimental variable to two separate control variables.  All framing studies will include both a 

classic (currency) and experimental (non-technology-related gift card) control variable for 

comparison with the experimental variable (technology-related gift card).  Monetary temporal 

discount rate will be measured using a classic paradigm utilizing currency-based rewards.  

Discounting for technology and non-technology-related gift cards are measured using a recently 

developed cross-modal discounting paradigm (Cubitt, McDonald, & Reed, 2015).  Traditional 

temporal discounting measures utilize a single reward variable modality, manipulating the 

amount or size of the reward variables (both sooner/immediate and later/delayed rewards) and 

length of delay.  Cross-modal discounting, on the other hand, manipulates the domain of the 

reward variable (e.g., pens or chocolates; see Cubitt et al., 2015), measuring differences in the 

perceived cost of delay for a set delay period (e.g., 60 days).  
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CHAPTER 2 

 

EXPERIMENT 1 
 
 

 An experiment was conducted utilizing the framing and discounting paradigms to 

measure age differences in the subjective valuation of multi-modal, both technology and non-

technology-related, outcome variables.  This experiment was designed to collect subjective 

valuation data from older (55+ years old) and younger adults (18-30 years old) using variants of 

the framing paradigm (i.e., “Asian disease” problem), ultimately allowing for the comparison of 

preference for risky vs. sure choices between age groups in three different outcome domains 

across three differing amount levels.  Variants of the cross-modal discounting paradigm were 

also used allowing for the comparison of the cost-of-delay perceived when confronted with 

discounting scenarios using technology and non-technology reward variables in both uni- and 

multi-modal designs.  These items are used to provide an additional measure of subjective value 

to be compared to that collected using framing items.   All of the scenario domains were 

monetary in nature, but differed in their hypothetical utility.  Following the design of numerous 

previous studies (for review, see: Best & Charness, 2015), the terms of the first scenario are 

phrased as a chance to gain or lose a hypothetical amount of currency, specifically United States 

Dollars (USD).  The second and third scenarios involve imaginary gift cards worth an amount of 

USD equal to the first scenario items, but may only be used in a store that sells either computer 

electronics (e.g., Apple Store) or housewares (e.g., Macy’s).  In the description, the 

computer/electronics store is described as selling items ranging from computers, tablets, 

software, and smartphones.  As a non-technology-related analogue, the department store is 

described as one that sells clothing, furniture, bedding, toiletries, and kitchenware.  Hypothetical 

stores are used in order to control the range of products available to high-tech (e.g. computers) 

and non-technology-related items (e.g. housewares), though example stores (Apple store, 

Macy’s) are provided to help illustrate the concept. 
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2.1 Method 

 

2.1.1 Participants 

 

128 participants were recruited from the Amazon Mechanical Turk online marketplace.  

The target age range for older adults was lowered from the more standard definition of 65+ to 

55+ in order to account for the underrepresentation of older adults in the Mechanical Turk 

sample.  Numerical age was used to screen participants for inclusion into the study, removing 

individuals 17 years old or younger and individuals between 30-54 years of age.  The final 

sample comprised of 64 younger adults (39 female; M age = 25.42, SD = 2.61), primarily 

Caucasian (75%), with a median income range of $20,000-$39,000 and education level of “some 

college/associates degree”, and 64 older adults (48 female; M age = 61.48, SD = 4.80), almost 

exclusively Caucasian (98%), with a median income range of $20,000-$39,000 and education 

level of “bachelor’s degree”.  Participants in both age groups reported a median of using the 

computer more than 10 hours per week.  To detect overall age effects using a regression model, 

the sample size provided sufficient power to detect a medium effect size in both discounting (n = 

128, power = 99%) and gain and loss framing (n = 64, power = 86%) items (Faul, Erdfelder, 

Land, & Buchner, 2007). Participants that completed the study by gaining inclusion, passing two 

attention checks, and answering all items were paid $1.00 for their participation. 

While not ideal in some ways (e.g., lack of control, uncertainty of identity and motive, 

etc.) Mechanical Turk provides a method of collecting a large amount of data while maximizing 

efficiency of time (data collection) and finances (participant payments).  For all of their 

demographic differences compared to the usual undergraduate and community samples, 

Mechanical Turk populations have shown to produce reliable results for classic decision-making 

paradigms.  Specific to the current study, Mechanical Turk workers display the normative 

preference for sure-choices in gain scenarios and risky-choices in loss scenarios (Goodman, 

Cryder, & Cheema, 2012).  There is some evidence of effect size shrinkage as participants 

conduct the same experiment multiple times, an important issue for the Mechanical Turk worker 

population which may have gained experience with common research paradigms (Chandler, 

Paolacci, Peer, Mueller, & Ratliff, 2015).  This attenuation effect can be managed by 

implementing novel procedures and stimuli that will be unfamiliar to participants.  The 
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experimental variables used in the current studies are likely novel to the Mechanical Turk 

workforce, although they share a structural design to the classic framing paradigm. 

Some limitations to the generalizability of data collected from a Mechanical Turk sample 

should be noted.  Though the data provided by Mechanical Turk samples may be comparable to 

in-lab participants, the overall sample may not be demographically generalizable to the greater 

population.  Considering they report much higher incidence of Internet use, it is more likely that 

younger adult Mechanical Turk workers will more closely mirror the general population as 

Internet access and use is more evenly distributed across the population.  On the other hand, 

older adult online workers may not prove to be as generalizable.  Analysis of a national sample 

(Smith, 2014) shows that 77.4% of 55-64 year olds, 69.7% of 65-74 year olds, and 41.6% of 75+ 

year olds reported ever going online, but these numbers are lower in low-income groups.  

Among individuals reporting an income between $20,000-$40,000, roughly equal to the median 

income from the online older adult sample collected for the current study, 64.2% of 55-64 year 

olds, 59.3% of 65-74 year olds, and 33.5% of 75+ year olds reported ever going online.  

Considering that a relatively high level of computer and Internet proficiency is required to enter 

the Mechanical Turk marketplace, it is likely that older adult workers are a rather distinct group 

and represent a substantially lower portion of the online population. 

 

2.1.2 Materials 

 
 2.1.2.1 Demographics.  Basic demographic information was collected to screen for 

inclusion into the study as well as to act as moderating variables in the analyses.  Data for age, 

gender, race, education level, and annual income was collected. Income (an unreliable variable 

when collecting data from younger adults who may still be receiving financial support from 

family) was worded in a manner that asked individuals to consider all forms of income, including 

salaries, student loans, social security, etc.  Exact wording may be seen in Appendix A.  The 

expression of the framing effect has been shown to interact with age (Best & Charness, 2015) 

and be greater in females (Fagley & Miller, 1997) and subject samples that contain a higher 

number of females (see Piñon & Gambara, 2005 for review). 

 
2.1.2.2 Technology Use Demographics.  As these studies are attempting to measure 

subjective values related to technology, it is important to measure individual experience and 
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comfort with technology, specifically computers and tablets.  Individuals who are proficient in 

computer use and use them frequently are likely to subjectively value computers more than 

individuals who have less experience or choose to use computers less frequently. 

 Frequency of Computer and Tablet Use.  Participants were asked six questions relating 

to their length of experience, average use, and most recent use of both computers and tablet 

computers. 

Computer Proficiency Questionnaire (CPQ-12).  Computer proficiency was measured 

using a 12-item short-form of the Computer Proficiency Questionnaire (Boot et al., 2013).  As 

proficiency with computers lowers the subjective costs associated with their use, individuals 

displaying higher computer proficiency are likely to subjectively value computers more than 

individuals with lower computer proficiency. 

 
2.1.2.3 Ten Item Personality Inventory (TIPI).  The Big Five personality traits are 

assessed using the Ten Item Personality Inventory (Gosling, Rentfrow, & Swann, 2003).  Among 

adults, a large scale cross-sectional analysis has shown a significant relationship between age, 

increased Agreeableness and Conscientiousness, and decreased Neuroticism (Soto, John, 

Gosling, & Potter, 2011).  Specific to the current study aims, the presence of framing effects 

have been shown to be more prevalent in individuals scoring high on Neuroticism and 

Conscientiousness, and scoring low on Agreeableness and Openness within a younger adult 

sample (Levin, Gaeth, Schreiber, & Lauriole, 2002).  The Big Five personality variables have 

also been shown to relate to other moderator variables used in the current study.  For example, 

agreeableness and Openness were found to have a significantly negative relationship with 

numeracy. 

2.1.2.4 Resistance to Framing.  To control for individual differences in susceptibility to 

framing manipulations, resistance to item framing was measured using the risky-choice framing 

subscale of the Resistance to Framing scale (Bruine de Bruin, Parker, & Fischhoff, 2007).  In this 

measure, individuals are presented with 7 scenarios worded in both gain and loss decision frames 

and asked to choose between a sure and risky option.  The presentation of the gain and loss 

frame for each scenario was separated by the presentation of other measures to discourage direct 

comparison of the items.  The order of presentation (gain or loss items presented first) was 

counterbalanced.  Resistance to framing has been shown to have a significantly negative 
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relationship with age and positive relationship with SES, education, and numeracy (Bruine de 

Bruin et al., 2007). 

 
2.1.2.5 Symbolic-Number Mapping.  Individual differences in the subjective-magnitude 

of numbers have been found to influence framing and discounting effects.  Replicating the 

design of Schley and Peters (2014), a symbolic number mapping task was included in the current 

study.  Number mapping is measured using a number-line task (Siegler & Opfer, 2003), where 

individuals are asked to indicate the location of certain values (0.1, 0.8, 1.5, 9.5, 23.2, 89.3, 268, 

442, 682, 834, and 925) on line with the anchors of 0 and 1,000 on the left and right ends, 

respectively.  Individual symbolic number mapping scores are calculated using the mean of the 

deviations between actual and indicated number locations across all 11 stimuli values.  Using 

this method, symbolic-number mapping has been shown to correlate significantly with numeracy 

and entirely mediate the relationship between numeracy and diminished marginal utility, or the 

steepness of the value curve.  Individuals with less exact number mappings were more likely to 

prefer risk-averse options for gain scenarios (Schley and Peters, 2014). 

 
2.1.2.6 Monetary Choice Questionnaire (MCQ).  The Monetary Choice Questionnaire 

was developed as a short-form method of determining discount rate (k).  The MCQ contains 27 

items worded as a binary choice between an immediate, smaller reward and a larger, delayed 

reward.  Preference selection for each independent item indicates that the participant's discount 

rate is above or below the k for the point of indifference for each particular item.  Through 27 

items, an estimation of k can be determined by the relationship between a participant's preference 

selections.  For example, if a participant chooses the delayed reward for an item where the point 

of indifference is k = .07 and the immediate reward for an item where the point of indifference is 

k = .05, one can estimate that the individual's discount rate (based on these two items) would be 

about k = .06.  As the number of items increases, this method becomes more reliable.  MCQ data 

was scored for all participants using a spreadsheet application developed by Kaplan, Lemley, 

Reed, and Jarmolowicz (2014). 

 
2.1.2.7 Cognitive Reflection Test (CRT).  The Cognitive Reflection Test is a measure 

used to capture a form of cognitive impulsivity related to problem solving (Frederick, 2005).  A 

question is asked in a way that leads participants to an intuitive and feasible, yet incorrect 
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answer.  In order to answer the questions correctly individuals must use a deliberative process to 

reject the first incorrect answer, probe deeper into the problem, and work out the correct answer 

(“A bat and a ball cost $1.10 in total.  The bat costs $1.00 more than the ball.  How much does 

the ball cost?”  Answer: $.05).  There is evidence that higher scores on the CRT are positively 

related to choosing the delayed option in discounting tasks and negatively related to choosing 

sure-options in gain scenarios and risky-options in loss scenarios (Frederick, 2005).  In other 

words, high CRT scores are related to lower discount rates and resistance to the classic framing 

effect. 

 
2.1.2.8 Berlin Numeracy Test (BNT).  Numeracy, the understanding of probabilistic and 

mathematical constructs, was measured using the 2-3 item Computer Adaptive Test format of the 

Berlin Numeracy Test (Cokely, Galesic, Schulz, Ghazal, & Garcia-Retamero, 2012).  Individuals 

higher in numeracy are more likely to calculate the expected value of the risky-choice options in 

the classic framing paradigm, leading to a suppression of the classic framing effect.  While both 

tests are related to simple mathematical processes, factor analyses have shown that numeracy and 

CRT scores load on distinct factors (Liberali, Reyna, Furlan, Stein, & Pardo, 2012); however, the 

addition of the CRT into regression models has been shown to reduce the strength of the 

relationship between numeracy and risk comprehension (Cokely et al., 2012), indicating that 

these constructs capture some amount of shared-variance. 

 
2.1.2.9 Framing Measures.  All framing items were modeled after the design of the 

“Asian disease” problem (Tversky and Kahneman, 1981), where each decision scenario is 

presented as a six-point strength of preference scale between two options (one sure-option, one 

risky-option; see Appendix C for example) with equal expected values.  This six-point scale 

lacks a midpoint, requiring participants to indicate a relative preference between the sure and 

risky option while providing a continuous response variable for regression analyses (see Levin et 

al., 2002).  The framing items follow a mixed 2 (frame: gain, loss) x 3 (magnitude: $10s, $100s, 

$1,000s) x 3 (domain: monetary, technology-related, non-technology-related) design, calculating 

the proportion of sure- and risky-choices in each framing scenario item as the dependent 

variable.  Each participant is presented with nine scenarios, encompassing all combinations of 

domain and magnitude variables, using either gain or loss framed language.  Scenario frame is 

treated as a between-subjects variable, and is counterbalanced across participants within age 
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groups.  Participants are specifically instructed to imagine that all hypothetical rewards are to be 

considered strictly for personal use and are non-transferable (e.g., given as gifts to others). 

Monetary.  Mirroring previous framing studies, a simple monetary reward variable is 

used for the first domain variant. This set of items can be compared to results from previous 

studies, as well as act as a control for comparison with the restricted utility reward variables 

(technology-related and non-technology-related gift cards).  Meta-analyses have shown the 

framing effect to be robust in monetary and economic domains (Kühberger, 1998) and have a 

small age effect, whereas younger adults are more likely to choose the risky-option in gain 

framed scenarios using small amount of money as the reward variable (Best & Charness, 2015). 

Technology-related.  To measure subjective valuation of technology, the framing items 

were adapted to use hypothetical gift cards for an imaginary computer/electronics store as the 

outcome variable.  The computer/electronics store was described as a location similar to an 

Apple Store or Microsoft Store, where one may purchase high-tech items like computers, tablets, 

software, and smartphones.  Low-tech items such as televisions are specifically omitted.  This 

manipulation allows for the outcome variable to remain anchored to dollar amount, but differ in 

utility in that it may only be used to procure technology-related items.  This design allows for a 

direct comparison to the subjective valuation of monetary and non-technology-related rewards. 

Non-technology-related.  A non-technology analog was also constructed, following the 

same design as the technology-related framing items, but changing the outcome variable to gift 

cards for a department store.  The department store was described as a location similar to a 

Macy’s or J.C. Penny, where one may purchase non-technology-related items such as clothing, 

furniture, bedding, toiletries, and kitchenware.  As with the technology-related items, low-tech 

items are specifically omitted in the description of the imaginary department store.  This 

manipulation provides a restricted-utility (the dollar amount of the hypothetical outcome may 

only be spent on specific items), non-technology comparison for the technology-related items. 

 
2.1.2.10 Objective Value Measurement.  Underneath each of the technology and non-

technology framing items, participants are asked to indicate the minimum amount of money they 

would accept in lieu of a gift card mirroring the domain and magnitude of the associated framing 

problem (see Appendix C).  Responses are given using keyboard entry or a slider moved using 
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the mouse.  These questions are independent of the framing manipulation and are identical in 

wording and appearance when paired with either gain or loss framed items. 

 
2.1.2.11 Cost of Delay.  Another dependent variable was used to measure the subject 

valuation of technology.  Discount rates have been shown to depend on the identity and value of 

the hypothetical reward, with higher reward amount leading to lower discount rates (for review, 

see Green, Myerson, & Vanderveldt, 2014).  Over the spectrum of delay periods, subjective 

value decreases, commonly following a hyperbolic function (see Section 1.2). 

The majority of discounting research has studied this decrease in subjective value as a 

function of time delay using a uni-modal design (i.e., keeping the reward domain constant 

between the immediate and delayed options).  A recent study (Cubitt et al., 2015) has extended 

this area to investigate discounting in cross-modal scenarios, where the identity, or modality, of 

the reward differs between the immediate and delayed options.  In this study, delay period was 

held constant and the perceived cost of the time delay at a set point was calculated as the 

dependent variable in place of a k value.  The cost of time delay was found to be higher in uni-

modal scenarios, where the delay was the only difference between the options, suggesting that 

the magnitude of cost attributed to a time delay is subjectively larger when it is the only 

difference between options.  Based on the results, Cubitt et al. propose that “the [subjective] 

weight put on any feature will be inversely related to the number of features that differ between 

options” (p. 24).  For the purposes of the current study, this cross-modal discounting paradigm 

will be adapted to compare technology and non-technology items. 

Uni-modal Discounting.  The domains of the technology and non-technology 

discounting items were adapted from those used in the framing items (see Section 2.1.2.9).  The 

hypothetical rewards were presented as $100 gift cards that may be redeemed at a 

computer/electronics store or a department store.  Following the design of Cubitt et al. (2015), 

participants were asked to indicate their preference between a $100 gift card in one domain today 

and a $100 gift card of the same domain in 60 days (see Appendix D).  While it is expected that 

all participants will take the immediate option, they are given the option to indicate a preference 

for a time delay.  Participants will then be given a series of experimental items where they are 

asked to choose between their initial selection and the non-selected option plus a varying amount 

of money (cash) to be received in 90 days.  The additional reward is delayed past that of either 
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original option to isolate the utility of the additional monetary reward as separate from that 

provided by the original options.  The amount of additional money ranges from $2-$100, in 

increments of $2 between $2-$20, $5 between $20 and $50, and $10 between $50-$100.  After 

their original selection, participants are shown one screen with the first 10 choice scenarios 

(original choice vs. non-preferred choice plus $2-$20 in 90 days).  If they do not indicate a 

reversal in their preference on the first screen, a second screen will be presented with 11 

additional choice scenarios (original choice vs. non-preferred choice plus $20-$100 in 90 days).  

Cost of delay is calculated as the midpoint in dollar value between the scenario that elicits a 

choice crossover and the previous scenario.  For example, if a crossover occurs in the fifth 

scenario (an additional $10 in 90 days), cost of delay is calculated as $9, the midpoint between 

$8 and $10.  If a crossover occurs in the 15th scenario ($45 in 90 days), the cost of delay is 

calculated as $42.5, the midpoint between $40 and $45.  Cost of delay is calculated as $1 for 

individuals that crossover at the first opportunity and $105 for those individuals that never 

crossover.  Both sets of uni-modal discounting items (department store-department store; 

computer store-computer store) were counterbalanced at the individual level. 

Cross-modal Discounting.  For cross-modal discounting items, the design of the uni-

modal discounting items is duplicated save for one difference: the reward domain differs 

between the immediate and delayed options.  For example, one cross-modal scenario asks 

participants to choose between an immediate computer store gift card and a delayed department 

store gift card (See Appendix E).  Upon choosing, they are presented with additional choice 

scenarios structurally identical to the uni-modal items, where the original choice is set against the 

original non-preferred option plus an additional $2-$100.  Both sets of cross-modal discounting 

items (computer storedepartment store; department storecomputer store) are presented to 

each participant counterbalanced at the individual level. 

 
2.1.3 Procedure 
 

An advertisement for the current study, including a short description and completion time 

estimate, was posted to the Amazon Mechanical Turk workplace.  After accepting the “human 

intelligence task” (HIT), participants followed the link to the study and were taken to a web 

based survey, hosted through Qualtrics.  These individuals completed an unpaid, five item (age, 

gender, race, education, and income) demographic questionnaire and were screened for 
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inclusion.  Although age was the only inclusion criterion, five demographic questions were used 

to encourage honesty by concealing the nature of our target population.  Individuals between 

ages 18-29 or over 55 years old were allowed to continue on to the experimental items.  

Completion of the questionnaire required approximately between 15 and 20 minutes.  Individuals 

that did not fall within the age parameters were thanked for their time and shown an exit screen 

immediately after they answered the five demographic items. 

Upon gaining access to the experiment, participants first completed the demographics, 

technology use demographics, and TIPI portions of the online questionnaire.  Second, 

participants were presented with the framing and discounting experimental items.  Participants 

were randomly assigned (without replacement within age groups) to one of the two framing 

conditions (gain or loss) and presented with the framing items.  Framing items spanned three 

different modalities (money, technology, non-technology) and reward magnitudes ($10s, $100s, 

$1,000s) for a total of nine framing items.  Framing items were presented by modality.  The 

monetary scenarios were shown first in order to familiarize the participants with the question 

format.  Next, the participants were presented with the technology and non-technology-related 

framing scenarios counterbalanced across individuals.  Within each framing reward modality, the 

presentation of the three magnitude items was randomized.  Participants were then presented 

with the discounting items.  The technology and non-technology uni-modal items were presented 

first with the order counterbalanced across participants.  The two cross-modal items were then 

presented, again with the order counterbalanced across participants. 

For the technology and non-technology items, a short description highlighting the type of 

products available in the imaginary “computer/electronics store” or “department store” were 

displayed before the presentation of the relevant experimental items.  To ensure understanding of 

the store descriptions, participants answered three questions pertaining to the items available for 

purchase in the imaginary stores.  If one or more of these questions were answered incorrectly, 

they were shown a screen repeating the description and emphasizing the identity of the products 

that were and were not available.  After the store description, the three framing scenarios were 

presented.  Below each the framing items in the technology and non-technology scenarios, an 

item was presenting asking the subject to indicate the minimum amount of money they would 

accept in lieu of a hypothetical gift card matching the domain and magnitude of the paired 
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framing item.  After the framing items, but before the discounting items, participants were shown 

a screen reminding them of the store descriptions. 

Following the data collection for the experimental items, the remaining measures were 

presented in the following order: first Resistance to Framing set (gain or loss), MCQ, Symbolic 

Number Mapping, CRT, BNT, and second Resistance to Framing set (gain or loss, frame 

opposite that of the first set).  Lastly, participants were presented with two text boxes and were 

asked to provide their impression of the purpose of the study and to identify any of the measures 

were familiar to the participant.  While this is an imperfect measure of prior experience 

(Chandler et al., 2015), it can provide some useful information pertaining to the naiveté of some 

participants.  At the conclusion of the study, participants entered a unique provided code into the 

Mechanical Turk website.  Codes from the participant list and data were compared within 72 

hours of survey completion and participants were compensated through Mechanical Turk. 

 
2.2 Predictions 

 

Based on the proposed measures, a number of hypotheses were proposed: 

Hypothesis 1:  Reflecting the potentially reduced utility of gift cards (gift cards may only 

be used in one location, where currency can be used anywhere) and relative lower subjective 

valuation (Raghubir & Srivastava, 2008) of the technology and non-technology outcome 

variables, it is predicted that all participants will choose the risky option more often in monetary 

based scenarios when compared to technology and non-technology-related variables. 

For monetary items: 

Hypothesis 2:  Replicating meta-analytic results (Best & Charness, 2015), younger adults 

will choose the risky option more often for small monetary items framed as a gain. 

For technology-related items between-subjects: 

Hypothesis 3a:  When compared to younger adults, older adults will display a lower 

subjective value of technology by showing a relative preference for the sure-option in both gain 

and loss framed scenarios.  

Hypothesis 3b:  In objective value items, older adults will indicate that they are willing 

to accept less money in lieu of a technology-related gift card compared to younger adults. 

Comparing technology and non-technology-related outcomes within-subjects: 
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Hypothesis 4a:  Comparing technology and non-technology scenarios, younger adults 

will choose the risky-option more often in gain and loss scenarios for technology-related 

outcomes, reflecting a higher relative utility for technology-related items: 

Hypothesis 4b:  Comparing technology and non-technology scenarios, older adults will 

choose the sure-option more often in gain and loss scenarios for technology-related outcomes, 

reflecting a lower relative utility for technology-related items. 

 For uni-modal discounting items: 

 Hypothesis 5a:  Within younger adults, the cost of delay for technology-related rewards 

will be lower than the cost of delay for non-technology-related rewards. 

 Hypothesis 5b:  Within older adults, the cost of delay for technology-related rewards will 

be higher than the cost of delay for non-technology-related rewards. 

 For cross-modal discounting items: 

 Hypothesis 6:  Older adults will show a lower cost of delay for cross-modal discounting 

items, indicating a greater subjective difference between technology and non-technology items. 

 
2.3 Results 

 

2.3.1 Predictor Variables 

 

As seen in Table 1, both age groups were relatively similar across the predictor variables.  

While variable means and standard deviations are presented by age cohort, the relationship 

between predictor variables and age was conducted using a regression model, treating age as a 

continuous variable.  There were a number of significant personality differences between age 

groups that generally supported previous findings (see Soto et al., 2011), with older adults 

scoring higher in Agreeableness and Emotional Stability (the opposite of Neuroticism), and 

lower in Openness.  Normally, age differences are apparent in discount rate, though this effect 

diminishes when younger adult samples are relatively older (Green et al., 1996).  It is also 

important to note that there was no significant age difference in computer proficiency, likely due 

to the high floor of technology-related ability necessary to participate as a worker through 

Amazon’s Mechanical Turk.  For older adults in the current study, CPQ scores were found to be 

similar to, if not higher than, the scores of the “high experience users” group identified by Boot 

et al. (2015), indicative of multiple years of computer experience.  There were no significant age 

differences found in the cognitive predictors.  One older adult indicated an understanding that the  
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Table 1 
Experiment 1: Means and Standard Deviation of Predictor Variables by Age Group 

 Younger Adults Older Adults Regression: Age 

 Mean (SD) Mean (SD) β t p 

CPQ Total 28.89 (3.20) 28.37 (1.87) -0.12 -1.40 0.164 

Extraversion 3.27 (1.81) 3.67 (1.73) 0.08 0.85 0.396 

Agreeableness 5.45 (1.17) 5.88 (1.00) 0.18 2.07 0.040 

Conscientiousness 5.77 (1.13) 5.91 (1.05) 0.09 0.96 0.340 

Emotional Stability 4.66 (1.74) 5.50 (1.41) 0.27 3.07 0.003 

Openness 5.40 (1.14) 4.67 (1.41) -0.28 -3.24 0.002 

Resistance to Framing 1.05 (0.69) 1.19 (0.71) 0.10 1.10 0.275 

Symbolic Number Mapping -0.99 (0.21) -1.05 (0.25) -0.14 -1.60 0.113 

Discount Rate (ln) -4.57 (1.62) -4.74 (1.31) -0.04 -0.46 0.644 

Cognitive Reflection 1.53 (1.31) 1.69 (1.27) 0.05 0.61 0.543 

Numeracy 2.42 (1.17) 2.08 (1.16) -0.12 -1.35 0.178 

 

 

study was designed to compare individuals’ valuation of technology and non-technology related 

consumer goods.  Accordingly, demand characteristics are unlikely to influence the results of the 

current study. 

 

2.3.2 Framing Items 

 

 2.3.2.1 The Framing Effect within Age Groups.  Chi-squared analyses were used to 

determine the presence of a framing effect in each group.  In order to fit the classic framing 

format, the 6-point choice preference scale was recoded into a binary, sure or risky choice 

variable.   Using a separate chi-squared analysis for each age group, older adults were found to 

be more susceptible to the framing effect, choosing the sure option significantly more often in 

gain scenarios compared to loss scenarios, displaying a significant framing effect in seven of the 

nine scenarios (see Table 2).  Younger adults, on the other hand, appeared to be more resistant to  
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Table 2 
Experiment 1: Between-Subjects Incidence of the Framing Effect by Age Group 

 Number of Sure Choices (out of n = 32 for each cell) 

 Younger Adults  Older Adults 

Scenario Loss Gain   Χ
2
  Loss Gain   Χ

2
 

Monetary Small 20 22 0.28  16 24 4.27* 

Technology Small 17 22 1.64  19 21 0.27 

Non-Technology Small 20 21 0.07  19 21 0.27 

Monetary Medium 24 25 0.09  21 32 13.28*** 

Technology Medium 21 26 2.00  19 27 4.95* 

Non-Technology Medium 21 23 0.29  21 29 5.85* 

Monetary Large 23 27 1.46  21 30 7.82** 

Technology Large 23 27 1.46  19 30 10.54*** 

Non-Technology Large 10 24 5.63*  12 28 8.42** 

Note: * <.05, ** <.01; *** <.001 
 

 

the overall framing effect showing a significant effect in only one scenario.  It is important to 

note that the chi-squared analysis for each age group is a between-subjects design.  Though it 

would have been beneficial (Levin et al., 2002), study constraints (a single continuous lab 

session) were not conducive to a within-subjects design. 

 

2.3.2.2 Aging and the Effect of Item Framing.  Informed by the results from a meta-

analysis of aging and the effect of gain/loss framing (Best & Charness, 2015), age differences in 

choice preference were investigated independently within each frame.  Using age to predict 

choice preference in a regression model, age differences were observed in three out of nine gain 

scenarios and in zero of the nine loss scenarios.  The results in the gain frame did not appear to 

follow a pattern, with observed significant results in the Medium Monetary (z = -0.39, 95% CI = 

[-0.64, -0.14]) and Non-Technology (z = -0.31, 95% CI = [-0.56, -0.06]) scenarios, and the  
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Table 3 
Experiment 1: Means and Standard Deviation of Framing Items by Age Group 

 Younger 
Adults 

Older Adults Regression: Age 

Scenario Mean (SD) Mean (SD) β t p 

Gain Frame        

Monetary Small 2.66 (1.82) 2.34 (1.54) -0.10 -0.77 0.446 

Technology Small 2.88 (1.81) 2.56 (1.78) -0.08 -0.66 0.514 

Non-Technology Small 2.84 (1.82) 2.66 (1.84) -0.04 -0.34 0.735 

Monetary Medium 2.47 (1.70) 1.50 (0.67) -0.37 -3.12 0.003 

Technology Medium 2.38 (1.60) 2.06 (1.37) -0.10 -0.81 0.421 

Non-Technology Medium 2.78 (1.75) 1.87 (1.13) -0.30 -2.48 0.016 

Monetary Large 2.19 (1.57) 1.66 (0.90) -0.22 -1.80 0.077 

Technology Large 2.38 (1.52) 1.63 (0.98) -0.25 -2.07 0.042 

Non-Technology Large 2.56 (1.64) 1.87 (1.26) -0.22 -1.75 0.086 

Loss Frame        

Monetary Small 3.16 (1.69) 3.22 (1.52) 0.01 0.11 0.910 

Technology Small 3.16 (1.46) 3.03 (1.31) -0.06 -0.43 0.666 

Non-Technology Small 3.03 (1.56) 3.13 (1.36) 0.04 0.31 0.754 

Monetary Medium 2.78 (1.43) 3.03 (1.38) 0.09 0.71 0.481 

Technology Medium 2.84 (1.35) 2.91 (1.53) 0.02 0.14 0.893 

Non-Technology Medium 3.06 (1.39) 2.72 (1.25) -0.11 -0.84 0.406 

Monetary Large 2.84 (1.37) 2.91 (1.44) 0.01 0.04 0.964 

Technology Large 2.63 (1.41) 2.97 (1.56) 0.13 1.03 0.308 

Non-Technology Large 4.69 (2.53) 4.41 (2.66) -0.01 -0.11 0.909 

Note: Framing items are scored on a 1-6 scale, with greater numbers indicated an increased 
preference for the risky option. 
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Large Technology (z = -0.26, 95% CI = [-0.51, -0.01]) scenario (see Table 3).  The addition of 

the additional predictor variables (see Table 1) to the model caused the overall model fit to 

become non- significant in the Medium Non-Technology (R2 = 0.19, F(11,52) = 1.10, p = 0.381) 

and Large Technology (R2 = 0.11, F(11,52) = 0.58, p = 0.837) scenarios.  This expanded model 

was found to fit the Medium Monetary scenario data (R2 = 0.33, F(11,52) = 2.37, p = 0.019), 

with age (z = -0.37, 95% CI = [-0.63, -0.12], β = -0.40, t = -3.01, p = 0.004) and Emotional 

Stability (z = 0.26, 95% CI = [0.01, 0.51], β = 0.34, t = 2.08, p = 0.043) significantly predicting 

risky choices.  Cognitive reflection was also found to moderately predicted risky choice, but was 

ultimately non-significant (z = -0.24, 95% CI = [-0.49, 0.01], β = -0.26, t = -1.94, p = 0.057).  All 

other expanded models were not found to significantly predict risky choice. 

 A two-way mixed ANOVA was also conducted, using contrast analyses to determine 

differences in risky choice between the three scenario modalities within each age group.  In the 

gain frame, there was a main between-subjects effect of age in both the Medium (F(1) = 5.85, p 

= .019) and Large (F(1) = 6.03, p = .017) amounts, with younger adults shown to have a 

significantly higher preference for the risky option.  Within age groups in these scenarios, 

money, technology-related gift cards, and non-technology-related gift cards were not effectively 

valued any differently from one another.  There were no main effects in the Small and Medium 

amount loss scenarios, but a main effect of reward modality in the Large-amount loss scenario 

(F(1.26) = 21.80, p < .001).  Across all participants, Non-Technology-related scenarios induced 

more risky choices compared to Monetary (p < .001) and Technology-related (p < .001) 

scenarios.  As seen in Table 3, this difference appears to be driven by an uncharacteristically 

large preference for risky decisions in Large Non-Technology scenarios, indicating that Non-

Technology-related gift cards are overvalued compared to technology-related gift cards, and 

even money, when dealing with large potential losses. 

 
 2.3.2.3. Objective Value Measures.  The objective value measures were analyzed.  

Using a slider, participants indicated the least amount of money they would be willing to accept 

in lieu of a $50, $500, or $5,000 Technology-related and Non-Technology-related gift card.  The 

complete sample was first analyzed.  The data was then separated, removing individuals who 

responded that the least amount that they would be willing to accept was 100% of the gift card 

value, arguably responding against utility expectations (where a gift card for an equal face value  
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Table 4 
Experiment 1: Objective Value Measures 

 Percentage of Value Retained Regression 

 Younger Adults Older Adults Model 

 n M SD n M SD F p 

Total Sample         

Tech Small 64 76.38 (22.26) 64 80.47 (20.28) 1.31 .273 

Non-Tech Small 64 74.91 (21.47) 64 81.38 (18.56) 4.25 .016 

Tech Medium 64 77.82 (21.57) 64 81.20 (19.20) 0.60 .553 

Non-Tech Medium 64 75.85 (22.59) 64 79.57 (18.91) 1.08 .343 

Tech Large 64 78.09 (20.75) 64 80.79 (20.53) 0.84 .436 

Non-Tech Large 64 73.47 (25.00) 64 76.61 (23.60) 0.68 .510 

Corrected Sample         

Tech Small 47 67.83 (19.94) 45 72.22 (18.83) 0.42 .659 

Non-Tech Small 49 67.22 (18.65) 44 72.91 (16.44) 1.90 .156 

Tech Medium 51 72.17 (20.64) 48 74.93 (18.27) 0.54 .585 

Non-Tech Medium 51 69.70 (21.27) 48 72.75 (17.02) 0.54 .587 

Tech Large 50 71.96 (19.44) 47 73.84 (19.79) 0.41 .668 

Non-Tech Large 51 66.70 (23.62) 51 70.65 (22.88) 0.50 .607 

Note: Corrected Sample analyzed after the removal of individuals who retained 100% of value. 
 
 
should be valued less as its utility is decreased by the nature of only being able to be used for one 

modality of items). 

Potential age differences were analyzed using a regression model including age and 

framing condition as predictors.  Though the items were presented identically for participants in  

each framing condition, objective value items were presented interspersed with the framing 

items.  Objective value items were presented below each relative framing item, matching the 
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modality and amount size.  Framing condition was added to the model to account for the 

potential differences in mindset generated by the gain or loss framing language.  Using this 

model, a significant difference was found in the total sample for the objective valuation of the 

Small, Non-Technology variable, with older adults retaining a higher percentage of value (see 

Table 4), though this effect was driven by the influence of framing condition (z = 0.20, 95% CI = 

[0.03, 0.38], β = 0.20, t = 2.29, p = 0.024) and not age (z = 0.16, 95% CI = [-0.02, 0.33], β = 

0.15, t = 1.77, p = 0.079).  This effect was removed when the individuals who retained 100% of 

the gift card value were removed from the sample.  This model was found to be non-significant 

for all other experimental items. 

 

2.3.3 Discounting Items 

 
 Discounting in the uni- and cross-modal items was measured as the “cost of delay”, 

which describes the amount of additional money (not tied to a gift card) to be received in 90 days 

necessary to prompt a switch of choice between the immediate and delayed option (see 

Appendices D & E).  Prior to the analysis, the sample was screened for the basic discounting  

 
 

  
Figure 3: Experiment 1 cost of delay by age and modality.  Bars represent 95% CI.  Modality: T 
= Technology, D = Non-Technology.  Temporal Proximity: Left of arrow indicates immediate 
reward, right of arrow indicates delayed reward. 
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assumption where individuals will indicate a preference for the immediate reward in both uni- 

modal scenarios (i.e., indicating a preference for a $100 gift card to a department store today 

over a $100 gift card to a department store in 60 days).  Indicating a preference for the delayed 

option is contradictory for standard discounting behavior, resulting in the removal of such 

individuals from the cost of delay analyses.  One younger adult was removed for violation of this 

assumption, resulting in a final pool of 63 younger adults and 64 older adults. 

Mean cost of delay within each age group for each of the four discounting scenarios can 

be seen in Figure 3.  A linear regression model was fit to the data, using age to predict the cost of 

delay in each scenario.  Age alone was not found to significantly predict the cost of delay for 

uni-modal discounting items in either the Technology or Non-Technology gift card modalities 

(Table 5).  Expanding the model to include computer proficiency and cognitive predictors 

(discount rate, symbolic number mapping, numeracy, and cognitive reflection) described a 

significant portion of the variance in both modalities.  Temporal discount rate, as measured by  

 
 
Table 5 
Experiment 1: Uni-Modal Discounting Regression Models 

 Technology  Technology Department  Department 

 β R
2
 ΔR

2
 F β R

2 ΔR
2 F 

Model 1  0.01 -- 1.00  0.02 -- 2.26 

Age -0.09    -0.13    

Model 2  0.42 0.41*** 14.15***  0.28 0.26*** 7.79*** 

Age -0.13    -0.17*    

CPQ 0.09    -0.12    

MCQ -0.59***    -0.44***    

SNM -0.08     0.05    

BNT -0.05     -0.01    

CRT 0.20*    0.10    

Note: * <.05, ** <.01; *** <.001 
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the MCQ, was found to significantly predict cost of delay for the Technology-related uni-modal 

discounting scenario (z = -0.63, 95% CI = [-0.81, -0.46], β = -0.59, t = -7.55, p < .001).  Discount 

rate (z = -0.44, 95% CI = [-0.62, -0.27], β = -0.44, t = -5.10, p < .001) and age (z = -0.19, 95% CI 

= [-0.36, -0.01], β = -0.17, t = -1.69, p = .039) were found to be predictive of cost of delay for the 

Non-Technology scenario.  For both uni-modal scenarios, increased temporal discount rate was 

unexpectedly found to be predictive of lower costs of delay.  The addition of personality 

variables to the model did not significantly improve model fit in either uni-modal scenario. 

The same approach was used to investigate the relationship between age and cost of delay 

in the cross-modal scenarios (Table 6).  When included as the only predictor variable, age was 

shown to have a significant negative relationship (z = -0.22, 95% CI = [-0.40, -0.05], β = -0.22, t 

= -2.49, p = .014) to cost of delay in the cross-modal scenario where the Technology-related gift 

card was the immediate reward and the Non-Technology-related gift card was the delayed 

reward (TD).  In this scenario, increased age was associated with a lower cost associated with 

switching preference to the delayed, but Non-Technology-related gift card.  While trending in 

the same direction in the other cross-modal scenario (Figure 3), age was found to be non-

significant (z = -0.17, 95% CI = [-0.35, 0.003], β = -0.17, t = -1.94, p = .054).  Adding computer 

proficiency and cognitive variables to the model significantly improved the fit in both cross-

modal scenarios.  Age (z = -0.26, 95% CI = [-0.44, -0.01], β = -0.27, t = -2.99, p = .003), 

computer proficiency (z = -0.22, 95% CI = [-0.39, -0.04], β = -0.21, t = -2.43, p = .017), and 

discount rate (z = -0.19, 95% CI = [-0.37, -0.02], β = -0.21, t = -2.16, p = .033), were all found to 

have a significant negative relationship with cost of delay in the TD cross-modal scenario.  

Symbolic number mapping was found to have a significant positive relationship (z = 0.18, 95% 

CI = [0.004, 0.35], β = 0.19, t = 2.02, p = .046) with cost of delay in the DT cross-modal 

scenario, though age (z = -0.16, 95% CI = [-0.34, 0.01], β = -0.16, t = -1.83, p = .070) and 

computer proficiency (z = -0.17, 95% CI = [-0.34, 0.01], β = -0.16, t = -1.86, p = .066) also had 

negative relationships with cost of delay that were moderate, but ultimately non-significant.  In 

both cross-modal scenarios, the addition of personality variables to the model did not 

significantly improve model fit. 

The data was further analyzed using a two-way mixed ANOVA to test between and 

within-subjects comparisons across all four discounting scenarios using contrast analyses.  

Within-subjects using a Greenhouse-Geisser correction, there was a significant overall effect of 
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Table 6 
Experiment 1: Cross-Modal Discounting Regression Models 

 Technology  Department Department  Technology 

 β R
2
 ΔR

2
 F β R

2 ΔR
2 F 

Model 1  0.05  6.21*  0.03  3.78 

Age -0.22*    -0.17    

Model 2  0.14 0.09* 3.28**  0.12 0.09* 2.73* 

Age -0.26**    -0.16    

CPQ -0.21*    -0.16    

MCQ -0.21*    -0.10    

SNM -0.12     0.19*    

BNT  0.03     0.05    

CRT -0.09    -0.04    

Note: * <.05, ** <.01; *** <.001 
 
 
scenario (F(2.58) = 13.30, p < .001), though the interaction between scenario and age group was 

found to be non-significant (F(2.58) = 0.81, p = .475).  Overall, across both age groups, each 

cross-modal item had a significantly lower cost of delay compared to each uni-modal item, 

though items within the same discounting modality did not differ from each other.  Specifically, 

the TD scenario was found to be significantly lower than the TT (p < .001) and DD (p 

<.001) scenarios and the DT scenario was found to be significantly lower than the TT (p = 

.004) and DD (p = .008) scenarios.  The cost of delay did not differ between the TD and 

DT (p = .883) pair or the TT and DD (p = 1.00) pair.  The between-subjects test found a 

significant overall effect of age group (F(1) = 5.73, p = .018).  Using custom pairwise 

comparisons, an age difference was found in both cross-modal scenarios, with older adults 

displaying a significantly lower cost of delay for the TD (p = .020) and DT (p = .031) 

scenarios.  Within younger adults, the cost of delay for the TD scenario was found to be 

significantly lower than the TT (p = .031) and DD (p = .046) scenarios.  The cross-modal 
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Figure 4: Experiment 1 cost of delay by decision strategy, age, and modality.  Bars represent 95% CI.  Modality: T = Technology, D = 

Non-Technology.  Temporal Proximity: Left of arrow indicates immediate reward, right of arrow indicates delayed reward.
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and uni-modal paired items were not significantly difference from each other, and the DT 

scenario was not found to be significantly different than any of the other three scenarios.  Within 

older adults, the cost of delay for the TD scenario was found to be significantly lower than the 

TT (p < .001) and DD (p = .002) scenarios, and the DT scenario was found to be 

significantly lower than the TT (p = .005) and DD (p = .027) scenarios.  The cross-modal 

and uni-modal paired items were found to not significantly differ from each other.  Older adults 

displayed a lower cost of delay for both cross-modal items when compared to uni-modal items. 

Following the approach used by Cubitt et al. (2015), the sample was further analyzed by 

separating the participants into two different preference groups.  If participants indicated an 

initial preference for the same modality of gift card in both cross-modal scenarios (one where the 

preferred modality is immediate and one where the preferred modality is delayed), they were 

classified as “’A’ Always Preferred” (AAP).  If participants indicated a preference for the 

immediate option, regardless of modality, in both cross-modal scenarios, they were classified as 

“Soonest Always Preferred” (SAP).  Younger adults were found to include 28 AAP and 35 SAP 

while older adults were found to include 35 AAP and 29 SAP.  Choice preference was found to 

be equally distributed across age groups ((X2(1, N=127) = 1.33, p = .248). 

The data was further analyzed using two separate two-way mixed ANOVAs to test 

between and within-subjects comparisons across all four discounting scenarios within both AAP 

and SAP groups (see Figure 4).  SAP individuals showed no significant differences within-

subjects across scenarios, in the scenario by age group interaction, or the between-subjects effect 

of age group.  These individuals, always preferring the soonest option, were presumably focused 

on the delay structure which was identical across all scenarios.  AAP individuals, showing a 

preference for a particular reward modality, were found to display a significant main effect of 

scenario (F(2.22) = 21.08, p < .001), though the interaction between scenario and age group was 

found to be non-significant (F(2.22) = 0.27, p = .783).  The between-subjects test found a non-

significant overall effect of age group (F(1) = 2.85, p = .097).  Using contrast analyses to 

investigate the relationship between scenarios, cross-modal scenarios were found to have a 

significantly lower cost of delay when compared to uni-modal items.  Specifically, the cost of 

delay for the TD scenario was found to be significantly lower than the TT (p < .001) and 

DD (p < .001) scenarios, and the DT scenario was found to be significantly lower than the 

TT (p = .001) and DD (p < .001) scenarios.  As shown by the lack of a between-subjects or 
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within-subjects interaction effect, there was no significant effect of age associated with these 

discounting-modality differences.  

 

2.4 Discussion 

 
2.4.1 Framing 

 
 Supporting previous research showing that older adults more readily employ simpler, 

heuristic-driven strategies (Johnson, 1990; Peters, Finucane, MacGregor, & Slovic, 2000; Slovic, 

Peters, Finucane, & MacGregor, 2005) when compared to younger adults, older adults were 

found to display the framing effect more often (seven of nine scenarios) than their younger 

counterparts (one of nine scenarios) in the current study.  Though older adults were more likely 

to display a framing effect within their age group, this did not translate into a main effect of age 

on risky choice preference within the majority of individual scenarios.  Overall, the results failed 

to support the majority of hypotheses predicting an age difference in the subjective valuation of 

technology-related items (Table 7).  Pertaining to Hypothesis 1, monetary based scenarios were 

not found to elicit an increased preference for the risky option in any of the frame condition and 

outcome amount combinations.  Monetary and Technology-related rewards were not found to 

differentially influence choice preference in any scenario, while loss framed Large Non-

Technology scenarios were found to generate an increased preference for the risky option, 

indicating a relatively larger subjective valuation compared to Monetary and Technology-related 

rewards in the same framing and amount condition. 

Few age differences were found when investigating risky choice preference across each of the 18 

individual framing scenarios (2[frame: gain, loss] x 3[modality: monetary, technology, non-

technology] x 3[amount: small, medium, large]).  The results rejected Hypothesis 2 and did not 

support previous meta-analysis results (Best & Charness, 2015), finding no age difference in 

small amount, monetary scenarios framed as gains.  Partially rejecting Hypothesis 3a, older 

adults were only found to display an undervaluation of Technology-related rewards compared to 

younger adults in the large amount, gain framed scenario where younger adults were found to 

display an increased preference for the risky option.  The weight of this result is diminished 

when compared to the other two significantly different scenarios (medium amount Monetary and 

medium amount Non-Technology), where decreasing age was also found to predict a preference 

for the risky option in the other two scenario modalities.  Also hindering the interpretation of the 
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Table 7 
Experiment 1: Hypotheses and Results. 

Hypothesis Description Supported 

1 
All participants will show a greater preference for risky option in 
monetary scenarios compared to both gift card scenarios. 

 

2 
Younger adults will show preference for risky option in gain framed, 
small amount, monetary scenarios when compared to older adults. 

 

3a 
Older adults will show a preference for the sure option in all 
technology-related scenarios when compared to younger adults. 

P 

3b 
Older adults will indicate a willingness to accept less money in lieu of 
a technology-related gift card when compared to younger adults. 

 

4a 
Younger adults will show a preference for the risky-option in 
technology-related scenarios compared to non-technology scenarios. 

 

4b 
Older adults will show a preference for the sure-option in technology-
related scenarios compared to non-technology scenarios. 

 

5a 
Younger adults will display a lower cost of delay for technology-
related rewards compared to non-technology related rewards. 

 

5b 
Older adults will display a lower cost of delay for non-technology-
related rewards compared to technology-related rewards. 

 

6 
Older adults will display an overall lower cost of delay across cross-
modal discounting items compared to younger adults. 

P 

Note: “X” indicates a supported hypothesis; “P” indicates a partially supported hypothesis. 
 
 
results, introducing computer proficiency and cognitive variables into the regression models 

removed the effect of age in the two significant non-Monetary scenarios.  Rejecting Hypothesis 

3b, older adults were also not found to significantly differ in their objective valuation of 

Technology-related rewards.  

 Comparing Technology and Non-Technology-related rewards within age groups was also 

marked by few differences.  Hypothesis 4a was rejected, finding younger adults to not 

subjectively value Technology-related rewards more than Non-Technology-related rewards in 

any framing or amount condition.  Conversely, younger adults actually comparatively 

overvalued the Non-Technology reward in the large amount loss scenario.  Hypothesis 4b was 
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also mostly rejected, with older adults matching the younger adults relative preference for the 

risky option for the Non-Technology reward in the large amount loss scenario. 

 Overall, in both age groups and across the various scenarios, Technology-related rewards 

were not found to be subjectively valued any differently compared to Monetary outcomes.  

Considering the inherent reduced utility of gift-cards (Raghubir & Srivastava, 2008), this was a 

rather unexpected finding.  More surprising was the intermittent finding that Non-Technology-

related rewards were overvalued compared to Monetary (and Technology-related) rewards in the 

large amount, loss framed scenario.  While older adults were hypothesized to overvalue Non-

Technology rewards when compared to Technology-related rewards, this relationship was found 

in both age groups in this particular scenario. 

 
2.4.2 Discounting 

 
Hypotheses 5a and 5b were both rejected, finding no difference in cost of delay between 

the two uni-modal discounting items in either age group.  Increased age was found to 

significantly predict a lower cost of delay in the uni-modal Non-Technology scenario, though 

individual discount rate had a greater effect.  Increased age was also found to predict a lower cost 

of delay in the immediate technology, delayed non-technology (TD) scenario both as the sole 

predictor and when controlling for computer proficiency and cognitive predictors.  This result 

partially supports Hypothesis 6, indicating that older adults perceive a greater subjective 

difference between the two reward modalities, resulting in a diminished weight attributed to the 

delay aspect of the scenario.  The effect of age was not found to be significant in the other cross-

modal scenario, though it trended in the same direction.  Splitting the sample into “A Always 

Preferred” and “Soonest Always Preferred” groups found that this age difference could 

potentially be attributed to the non-significantly differential distribution of AAP and SAP 

individuals between the age groups.  Among AAP individuals, where a greater subjective 

difference between the reward modalities is expected, the main effect of age and the interaction 

of age and scenario were not found to be significant.  This shows that a larger perceived 

subjective difference between modalities could be categorized as an individual difference not 

necessarily related to aging. 
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2.4.3 Summary 

 
 The overall hypothesis that older adults subjectively value technology-related items 

comparatively less than younger adults was not supported by the results from Experiment 1.  

While older adults may perceive a larger conceptual difference between technology and non-

technology-related items, as shown by a lower cost of delay in cross-modal discounting items, 

this has not appeared to translate into a difference in the level at which these items are valued.  

While a minority of framing scenarios were shown to have a significant age difference, the 

results all followed the general pattern found by Best & Charness (2015) where any apparent age 

differences were found to be caused by an increased preference for the risky option among 

younger adults, regardless of framing condition or reward modality.  The age differences in 

risky-choice preference found in the current study do not appear to follow a pattern related to 

framing condition, reward amount, or reward modality and may potentially be attributed to Type 

I error.  Likewise, the results for the discounting items also did not completely support the 

presence of an age difference in the subjective valuation of technology-related rewards.  It 

appears that any difference in valuation is present at the individual, not age related, level.  A 

subset of individuals in both age groups appear to be more concerned about the modality of the 

reward and generally prefer the Non-Technology reward.  The rest of the sample appears to 

value both reward modalities equally, causing them to focus on the delay parameter. 

This experiment was marked by a number of limitations.  An online subject pool was 

used, resulting in a relatively older young adult sample and a relatively younger old adult 

sample.  Increasing age among the younger adult sample has been shown to nullify rather robust 

age differences in temporal discount rate (Green et al., 1996).  In the current study, marked by a 

relatively higher age (M = 25.42) of the younger adult sample, no age difference was found in 

temporal discount rate measured using the MCQ.  It is possible that this relatively older young 

adult group may have likewise concealed age differences in the framing scenarios that may be 

present when comparing older adults to a younger sample.  By the nature of the data collection 

medium, the participants were all technologically savvy enough to participate in the Mechanical 

Turk marketplace.  This high level of technology experience (also shown by nearly ceiling level 

performance in the Computer Proficiency Questionnaire in both age groups) may be able to 

account for the lack of age differences found in the subjective valuation of technology-related 

rewards.  In general, further research was deemed to be necessary, implementing a more standard 
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younger and older adult sample (when compared to prior literature) to determine if there are age 

differences in the subjective valuation of technology.  
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CHAPTER 3 

 

EXPERIMENT 2 
 
 

An in-lab experiment was conducted to address some of the sample limitations inherent 

to the design of Experiment 1.  First, the in-lab experiment allowed for a more representative 

sample compared to that found on Amazon Mechanical Turk.  While the typical older adult in-

lab participant is not necessarily representative of the greater older adult population in many 

ways (the general older adult sample recruited through the psychology department at Florida 

State University is generally more educated and has higher income than average), they are likely 

more representative when compared to those found on Amazon Mechanical Turk.  This is 

especially true for technology-related variables.  The ability to adeptly navigate the Internet, 

sign-up to be a Mechanical Turk worker, and complete paid online surveys through the system 

reveals a level of technology expertise that is likely greater than that of the general older adult 

population.  As these studies are designed to investigate factors that influence decision-making 

related to technology adoption, this higher level of ability related to technology use likely acts as 

a confounding variable.  Also differing from Experiment 1, this study collects concurrent think-

aloud verbal report data (see Ericsson & Simon, 1993).  Previously, verbal report data has shown 

a link between the number of individual considerations (indicative of a more elaborative 

heuristic search while making a decision) and superior, expected-value choices while making 

decisions in risky scenarios (Cokely & Kelley, 2009). 

 
3.1 Method 

 

3.1.1 Participants 

 

83 total participants were recruited for Experiment 2.  42 younger adults (29 female; M 

age = 18.60, SD = 1.78), primarily Caucasian (69%), with a median income of “less than $10,00” 

and currently enrolled in college classes were recruited through the Psychology Department at 

Florida State University and were compensated 1 course credit for their participation.  41 older 

adults (27 female; M age = 72.71, SD = 6.15), primarily Caucasian (88%), with a median income 

of “$40,000-$59,000” and education of “bachelor’s degree” were recruited from the Tallahassee 

metropolitan area and were compensated for their participation at a rate of $10 per hour.  The 
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younger and older adult participants reported using the computer a median value of “10 hours a 

week or more” and “between 1 and 5 hours per week”, respectively.  To detect overall age 

effects using a regression model, the sample size provided sufficient power to detect a medium 

effect size in both discounting (n = 83, power = 94%) and gain and loss framing (n = 41, power = 

68%) items (Faul, Erdfelder, Land, & Buchner, 2007). 

 
3.1.2 Materials 

 
 All experimental items used in Experiment 1 were used again in Experiment 2 (see 

Section 2.1.2), including all demographic, moderating, and experimental variables.  

 

3.1.3 Procedure 

 

Though the questionnaire was still administered in a web-based computer format using 

Qualtrics, an online survey web platform, Experiment 2 data was collected in a laboratory setting 

in the Psychology Building at Florida State University.  After obtaining consent, participants 

were asked to complete the demographics, technology use demographics, and TIPI portions of 

the online questionnaire.  Next, a short training procedure was completed to familiarize 

participants with providing “think-aloud” verbal reports (see Section 3.1.3.1).  Participants then 

completed the experimental framing and discounting items while providing concurrent and 

retrospective verbal reports.  Framing and discounting items were counterbalanced in a manner 

identical to that used in Experiment 1 (see Section 2.2.3).  Following the collection of these data 

for the experimental items, participants were instructed that they no longer needed to provide 

verbal reports.  The remaining measures were presented in the following order: first Resistance 

to Framing set (gain or loss), MCQ, Symbolic Number Mapping, CRT, BNT, and second 

Resistance to Framing set (gain or loss, frame opposite that of the first set).  Lastly, participants 

were presented with a text box and were asked to provide their impression of the purpose of the 

study.   Following the conclusion of the study, participants were then provided with 

compensation (money or course credit receipt) and debriefed. 

 
 3.1.3.1 Training for Think-Aloud Verbal Protocols.  Participants were instructed 

through the training protocol to provide both concurrent and retrospective reports.  During 

concurrent reports, the training emphasized that verbal reports were to be provided as “think-
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aloud” reports, meaning that participants should only say their thoughts out-loud and specifically 

not try to provide an explanation of their thought process.  During retrospective reports, 

participants were instructed to only repeat the actual step-by-step thoughts they were confident 

they had during the task and specifically not try to rationalize or explain their choice process. 

This “think-aloud” approach to the production of verbal report data has been shown to be 

generally non-reactive, providing an insight into the mental processes employed during the 

decision-making process without influencing the final task performance (Fox, Ericcson, & Best, 

2011), though this is not the case for some specific cognitive tests such as the Raven’s Matrices 

(Fox & Charness, 2010). 

 
3.1.4 Encoding of Think-Aloud Protocols 
 

Concurrent verbal report data was collected during the completion of the experimental 

framing and discounting items as a method of investigating the underlying reasoning and thought 

processes resulting in individual choice selection for the decision-making measures.  The 

protocols were coded with the goal of identifying individual differences in the emphasis placed 

on the cost and benefit aspects of the decision scenario for both framing and discounting items. 

Framing items were coded over five different parameters to account for verbalizations related to 

the dollar amount of a particular reward choice, the probability of outcomes, verbalizing “more” 

or “less” comparisons between reward amounts, (re)framing the decision in terms of “gains” or 

“losses”, and mentioning the utility (i.e., the technology or non-technology identity) of the 

reward variable.  Discounting items were coded over three parameters to account for 

verbalizations related to the amount of money (i.e., “cost of delay”), temporal distance (i.e. 

period of delay between choice options), and mentioning the utility of the reward variable.  For 

each particular item, coders were instructed to differentiate between utterances that merely 

repeated the question and those that mentioned cost and benefit aspects in the reasoning process.  

Verbalizations repeating the problem were not coded as verbalizations. 

Prior to coding, the protocols were transcribed verbatim from the audio files.  Through 

the coding process, Ryan Best acted as the primary coder for the think-aloud protocol 

transcriptions.  11 (13%) of the 83 protocols were double coded by a colleague, Thomas Vitale.  

Sufficient levels of agreement were found between the raters in both framing (Cohen’s kappa = 

.73) and discounting (Cohen’s kappa = .72) items.  Discussion between the raters resulted in a 
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final accepted coding for all inconsistent items in the protocols that were double coded.  Coding 

data from the primary coder was used in the remaining protocols. 

 
3.2 Predictions 

 
 For general predictions for framing and discounting items, see Section 2.2. 

For think aloud data: 

 Hypothesis 7:  Replicating Cokely and Kelley (2009), higher numbers of verbalized 

considerations will predict choices more aligned with expected-value (low cost of delay, general 

absence of a framing effect). 

 

3.3 Results 

 

3.3.1 Predictor Variables 

 

Table 8 highlights some important age differences in the laboratory sample that were not 

present in the Mechanical Turk sample from Experiment 1 (for comparison, see Table 1).  As 

expected from the prevalent age gap in technology adoption, this sample showed a significant 

difference in computer proficiency, with younger adults scoring higher on the CPQ.  The 

expected age difference in discount rate was also found, with younger adults showing a 

significantly higher k value.  Similar to the sample from Experiment 1, there were two significant 

personality differences between age groups that generally supported previous findings (see Soto 

et al., 2011).   Older adults in the current sample scored higher in Agreeableness, though unlike 

the sample from Experiment one, they also scored higher in Conscientiousness.  No significant 

age differences were found in the other cognitive variables, including resistance to framing, 

symbolic number mapping, cognitive reflection, and numeracy.  Similar to Experiment 1, only 

one older adult indicated an understanding that the study was designed to compare individuals’ 

valuation of technology and non-technology related consumer goods.  Accordingly, demand 

characteristics are unlikely to influence the results of the current study. 

 

3.3.2 Framing Items 

 

 3.3.2.1 The Framing Effect within Age Groups.  The incidence of the framing effect 

was again analyzed within each separate age group, recalculating the 6-point choice preference 

scale into a binary, sure or risky choice variable for a chi-squared analysis.  Unexpectedly,  
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Table 8 
Experiment 2: Means and Standard Deviation of Predictor Variables by Age Group 

 Younger Adults Older Adults Regression: Age 

 Mean (SD) Mean (SD) β t p 

CPQ Total 28.52 (1.74) 24.10 (5.32) -0.51 -5.39 <0.001 

Extraversion 4.31 (1.33) 4.65 (1.39) 0.11 0.96 0.338 

Agreeableness 4.70 (1.13) 5.59 (1.08) 0.36 3.44 0.001 

Conscientiousness 5.60 (0.93) 6.24 (0.89) 0.36 3.44 0.001 

Emotional Stability 4.93 (1.05) 5.37 (1.31) 0.19 1.71 0.090 

Openness 5.33 (0.96) 5.35 (1.21) -0.02 -0.19 0.851 

Resistance to Framing 1.23 (0.53) 1.38 (0.78) 0.15 1.35 0.182 

Symbolic Number Mapping -1.07 (0.31) -1.12 (0.30) -0.10 -0.88 0.380 

Discount Rate (ln) -4.47 (1.23) -5.11 (1.44) -0.25 -2.33 0.022 

Cognitive Reflection 0.64 (0.96) 0.46 (0.87) -0.09 -0.81 0.421 

Numeracy 2.42 (1.17) 2.08 (1.16) -0.15 -1.36 0.179 

 
 
neither age group showed a framing effect except for younger adults in the medium Non-

Technology reward scenario (see Table 9).  Overall, participants in both age groups seemed to 

favor sure over risky choices in the majority of scenarios in both gain and loss frames.  While 

making decisions in these scenarios, all participants were instructed to provide verbal think-

aloud reports.  It is possible that this procedure was ultimately reactive, diminishing the heuristic 

driven framing effect by inadvertently causing participants to more thoroughly consider the 

parameters of the choice scenario. 

 
3.3.2.2 Aging and the Effect of Item Framing.  Following the approach of the meta-

analysis of aging and the effect of gain/loss framing (Best & Charness, 2015), age differences in 

choice preference were investigated independently within each frame.  Using age to predict 

choice preference in a regression model, age differences were observed in zero of the nine gain  
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Table 9 
Experiment 2: Between-Subjects Incidence of the Framing Effect by Age Group 

 Number of Sure Choices 

 Younger Adults  Older Adults 

Scenario Loss 
(n=21) 

Gain 
(n=21) 

  Χ
2
  Loss 

(n=20) 
Gain 

(n=21) 
  Χ

2
 

Monetary Small 12 14 0.40  10 12 0.21 

Technology Small 10 13 0.87  11 12 0.02 

Non-Technology Small 11 10 0.10  15 15 0.07 

Monetary Medium 14 16 0.47  13 14 0.01 

Technology Medium 13 16 1.00  14 14 0.05 

Non-Technology Medium 12 18 4.20*  17 14 1.87 

Monetary Large 17 17 0.00  16 14 0.93 

Technology Large 14 15 0.11  14 14 0.05 

Non-Technology Large 15 15 0.00  17 16 0.51 

Note: * <.05 
 

 

scenarios and two of the nine loss scenarios.  The results in the loss frame seemed to follow a 

pattern, with observed significant results in Non-Technology scenarios using Small (z = -0.35, 

95% CI = [-0.67, -0.03]) and Medium (z = -0.40, 95% CI = [-0.71, -0.08]) amount loss variables 

(see Table 10).  The expansion of the model to include additional predictor variables (see Table 

8) caused the overall model fit to become non-significant in both the Small (R2 = 0.32, F(11,29) 

= 1.26, p = 0.295) and Medium (R2 = 0.24, F(11,29) = 0.82, p = 0.619) Non-Technology 

scenarios.  When controlling for computer proficiency, personality, and cognitive variables, age 

was found to have no significant relationship with the preference for risky choice in gain or loss 

scenarios across all modalities and amounts. 

A separate two-way mixed ANOVA was conducted for each frame and amount using 

contrast analyses to determine differences in risky choice between the three scenario modalities  
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Table 10 
Experiment 2: Means and Standard Deviation of Framing Items by Age Group 

 Younger 
Adults 

Older Adults Regression: Age 

Scenario Mean (SD) Mean (SD) β t p 

Gain Frame        

Monetary Small 2.52 (1.72) 3.05 (2.11) 0.16 1.04 0.306 

Technology Small 2.76 (1.79) 2.95 (1.99) 0.04 0.27 0.785 

Non-Technology Small 3.14 (1.88) 2.48 (2.14) -0.15 -0.98 0.334 

Monetary Medium 2.05 (1.47) 2.62 (2.04) 0.17 1.09 0.283 

Technology Medium 2.24 (1.45) 2.43 (1.86) 0.06 0.38 0.703 

Non-Technology Medium 2.14 (1.42) 2.38 (1.96) 0.10 0.62 0.536 

Monetary Large 2.24 (1.67) 2.57 (1.99) 0.12 0.78 0.443 

Technology Large 2.38 (1.66) 2.71 (2.03) 0.10 0.63 0.530 

Non-Technology Large 2.29 (1.59) 2.14 (1.65) -0.04 -0.24 0.812 

Loss Frame        

Monetary Small 3.05 (1.91) 3.30 (1.95) 0.06 0.39 0.695 

Technology Small 3.52 (1.86) 2.90 (1.86) -0.16 -1.03 0.310 

Non-Technology Small 3.62 (1.94) 2.40 (1.39) -0.34 -2.23 0.031 

Monetary Medium 2.71 (1.74) 2.65 (1.69) -0.02 -0.10 0.917 

Technology Medium 2.76 (1.67) 2.65 (1.79) -0.04 -0.24 0.811 

Non-Technology Medium 3.29 (1.76) 2.00 (1.26) -0.38 -2.53 0.015 

Monetary Large 2.24 (1.37) 2.30 (1.26) 0.06 0.36 0.719 

Technology Large 2.76 (1.58) 2.35 (1.69) -0.15 -0.92 0.366 

Non-Technology Large 2.86 (1.93) 2.05 (1.36) -0.24 -1.53 0.133 

Note: Framing items are scored on a 1-6 scale, with greater numbers indicated an increased 
preference for the risky option. 
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within each age group.  There was no main effect of age, reward modality, or the interaction of 

age and reward modality for any of the Gain framed items.  The Small amount (F(2) = 5.06, p = 

.009) and Medium amount (F(2) = 3.47, p = .036) Loss framed items were both shown to have a 

significant interaction term between age and outcome modality.  The single significant within-

subjects difference was found in the Small amount, loss frame scenario, where older adults were 

shown to value Non-Technology-related gift cards significantly lower compared to monetary (p 

= .038), but not Technology-related, rewards.  As seen in Table 10, this difference in older adults 

appears to be driven by a comparatively large preference for the risky option in Small Monetary 

scenarios compared to the other loss framed items.  Although there was a significant interaction 

term in the Medium amount loss scenarios, there were no significant pairwise differences within 

either age group.  Overall, in the majority of all scenarios, both younger and older adults were 

not shown to display a significant difference in risky choice preference between the three 

modalities, effectively valuing all outcome modalities equally.  

 
3.3.2.3. Objective Value Measures.  The objective value measures were analyzed using 

the same procedure described in Section 2.3.2.3, analyzing both the total sample as well as a 

corrected sample including only those participants who indicated they would accept an amount 

of money below 100% of the face value of the gift card. 

When including the entire sample, the regression model was not found to be predictive of 

total value retained in any of the experimental modality and amount combinations (see Table 

11).  After removing participants who indicated they would not accept below 100% of the face 

value of the gift card, the regression model was found to be significant in both Technology and 

Non-Technology modalities in the Medium and Large amount conditions.  In the Technology 

modality, age was found to be predictive of higher retained value in both Medium (z = 0.34, 95% 

CI = [0.03, 0.64], β = 0.43, t = 2.21, p = 0.040) and Large (z = 0.40, 95% CI = [0.09, 0.70], β = 

0.51, t = 2.63, p = 0.017) amounts.  In the Non-Technology modality, both age and framing 

condition were also found to be predictive of a higher total value retained in both the Medium 

(Age: z = 0.37, 95% CI = [0.05, 0.70], β = 0.44, t = 2.36, p = 0.030; Frame: z = -0.36, 95% CI = 

[-0.69, -0.04], β = -0.43, t = -2.29, p = 0.035) and Large (Age: z = 0.34, 95% CI = [0.04, 0.65], β 

= 0.43, t = 2.29, p = 0.034; Frame: z = -0.35, 95% CI = [-0.65, -0.05], β = -0.44, t = -2.35, p = 

0.031) amounts.  For these items, age was found to be predictive of higher retained value and 
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being exposed to the gain condition was predictive of retaining a lower value.  It is important to 

note that in these conditions, nearly half the sample was removed for responding in a manner 

incongruent with expected utility. 

 
 
Table 11 
Experiment 2: Objective Value Measures 

 Percentage of Value Retained Regression 

 Younger Adults Older Adults Model 

 n M SD n M SD F p 

Total Sample         

Tech Small 42 85.62 (23.83) 41 93.90 (9.78) 1.90 .157 

Non-Tech Small 42 87.62 (22.29) 41 93.41 (11.55) 0.98 .378 

Tech Medium 42 80.73 (29.08) 41 89.06 (12.95) 1.47 .236 

Non-Tech Medium 42 83.36 (25.21) 41 89.34 (13.71) 0.97 .383 

Tech Large 42 76.60 (31.98) 41 86.12 (20.28) 1.11 .336 

Non-Tech Large 42 76.91 (32.00) 41 85.23 (19.29) 1.06 .352 

Corrected Sample         

Tech Small 17 64.47 (25.64) 16 84.37 (9.80) 2.27 .132 

Non-Tech Small 16 67.50 (25.69) 16 83.13 (13.06) 2.37 .122 

Tech Medium 20 59.54 (30.37) 24 81.32 (11.87) 4.42 .028 

Non-Tech Medium 19 63.22 (25.81) 21 79.19 (12.41) 5.57 .013 

Tech Large 22 55.32 (31.64) 22 74.13 (21.41) 4.28 .030 

Non-Tech Large 21 53.82 (31.30) 24 74.76 (19.28) 5.57 .013 

Note: Corrected Sample analyzed after the removal of individuals who retained 100% of value. 
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3.3.3 Discounting Items 

 
  Following the method described in Section 2.3.3, the sample was screened for the basic 

discounting assumption where individuals will indicate a preference for the immediate reward in 

both uni-modal scenarios.  Four younger adults and eight older adults were removed for violation 

of this assumption, resulting in a final pool of 38 younger adults and 33 older adults used for the 

following analyses. 

Mean cost of delay within each age group for each of the four discounting scenarios can 

be seen in Figure 5. Following the approach described in Section 2.3.3, a linear regression model  

was fit to the data, using age to predict the cost of delay in each scenario.  Age alone was not 

found to significantly predict the cost of delay for uni-modal discounting items in either the 

Technology or Non-Technology gift card modalities (Table 12).  Expanding the model to include 

computer proficiency and cognitive predictors (discount rate, symbolic number mapping, 

numeracy, and cognitive reflection) described a significant portion of the variance in both  

 

 

 

Figure 5: Experiment 2 cost of delay by age and modality.  Bars represent 95% CI.  Modality: T 
= Technology, D = Non-Technology.  Temporal Proximity: Left of arrow indicates immediate 
reward, right of arrow indicates delayed reward. 
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Table 12 
Experiment 2: Uni-Modal Discounting Regression Models 

 Technology  Technology Department  Department 

 β R
2
 ΔR

2
 F β R

2 ΔR
2 F 

Model 1  0.02 -- 1.37  0.05 -- 3.53 

Age  0.14     0.22    

Model 2  0.19 0.17* 2.48*  0.32 0.27*** 4.92*** 

Age  0.30*     0.31*    

CPQ  0.12    -0.06    

MCQ  0.43***     0.53***    

SNM -0.11    -0.07    

BNT -0.08    -0.14    

CRT 0.02     0.05    

Note: * <.05, ** <.01; *** <.001 
 
 
modalities.  With the addition of these predictors, age and temporal discount rate were found to 

significantly predict cost of delay for both uni-modal discounting scenarios.  For the 

Technology-related uni-modal scenario, increased age (z = 0.24, 95% CI = [0.02, 0.46], β = 0.30, 

t = 2.16, p = .034) and discount rate (z = 0.38, 95% CI = [0.17, 0.60], β = 0.43, t = 3.54, p = .001) 

were significantly related to increased cost of delay.  Likewise for the Non-Technology-related 

uni-modal scenario, increased age (z = 0.27, 95% CI = [0.05, 0.49], β = 0.31, t = 2.46, p = .017) 

and discount rate (z = 0.51, 95% CI = [0.29, 0.73], β = 0.53, t = 4.75, p < .001) were significantly 

related to increased cost of delay.  The addition of personality variables to the model did not 

significantly improve model fit in either uni-modal scenario. 

 The same approach was used to investigate the relationship between age and cost of delay 

in the cross-modal scenarios (Table 13).  When included as the only predictor variable, age was  

not significantly related to cost of delay in either cross-modal scenario.  Adding computer 

proficiency and cognitive variables to the model significantly improved the fit in the DT, but  
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Table 13 
Experiment 2: Cross-Modal Discounting Regression Models 

 Technology  Department Department  Technology 

 β R
2
 ΔR

2
 F β R

2 ΔR
2 F 

Model 1  0.00 -- 0.01  0.05 -- 3.41 

Age  0.01     0.22    

Model 2  0.07 0.07 0.85  0.25 0.20** 3.50** 

Age  0.09     0.21    

CPQ  0.13    -0.21    

MCQ  0.20     0.38**    

SNM -0.12    -0.04    

BNT -0.16     0.04    

CRT  0.04    -0.12    

Note: * <.05, ** <.01; *** <.001 
 
 
not in the TD, cross-modal scenario.  In the DT cross-modal scenario, only discount rate (z 

= 0.36, 95% CI = [0.14, 0.58], β = 0.38, t = 3.27, p = .002) was found to be a significant 

predictor, with a higher discount rate predicting a greater cost of delay.  It is important to note 

that this relationship is in the expected direction.  In both cross-modal scenarios, the addition of 

personality variables to the model did not significantly improve model fit. 

The data was further analyzed using a two-way mixed ANOVA to test between and 

within-subjects comparisons across all four discounting scenarios.  Overall, no significant 

differences were found within-subjects across scenarios, in the scenario by age group interaction, 

or the between-subjects effect of age group. 

Following the approach used by Cubitt et al. (2015) and described in Section 2.3.3, the 

sample was separated into “’A’ Always Preferred” (AAP) and “Soonest Always Preferred” 

(SAP) groups.  Younger adults were found to include 25 AAP and 13 SAP while older adults  
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Figure 6: Experiment 2 cost of delay by decision strategy, age, and modality.  Bars represent 95% CI.  Modality: T = Technology, D = 

Non-Technology.  Temporal Proximity: Left of arrow indicates immediate reward, right of arrow indicates delayed reward.
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were found to include 18 AAP and 15 SAP.  No overall difference in choice preference was 

found between age groups ((X2(1, N=71) = 0.94, p = .334). 

The data was analyzed for each of these groups using two separate two-way mixed 

ANOVAs to test between and within-subjects comparisons across all four discounting scenarios.  

SAP individuals showed a significant main effect of scenario (F(3) = 3.36, p = .023), but no main 

effect in the scenario by age group interaction (F(3) = 1.35, p = .263), or the between-subjects 

effect of age group (F(1) = 0.03, p = .873).  Pairwise comparisons show that this main effect of 

scenario is driven by a generally larger, though non-significant, average cost of delay for the 

DT cross-modal scenario when compared to the TT (p = .056) and DD (p = .134) 

scenarios.  AAP individuals displayed a significant effect for the scenario and age interaction 

(F(1.77) = 4.38, p = .020) and main effect for age group (F(1) = 5.13, p = .029), though the main 

effect for scenario was found to be non-significant (F(1.77) = 1.85, p = .169).  As shown in  

Figure 6, younger adults displayed an overall lower cost of delay compared to older adults (p = 

.029), and a lower cost of delay specifically in the DT (p = .025), TT (p = .042), and DD 

(p = .022) scenarios. Within age groups, younger adults showed no significant age difference 

between the scenarios.  Older adults displayed a significantly lower cost of delay for the TD 

scenario when compared to the TT (p = .020) and DD (p = .042) scenarios.  

 
3.3.4 Think-Aloud Protocols 

 
 Think-aloud protocols were coded and the total number of verbalized considerations for 

each framing and discounting item was calculated as a sum of the assigned coding values for the 

parameters described in Section 3.1.4.  Overall, age was not found to be related with the number 

of verbalized considerations, only showing a significant correlation in the Large Non-

Technology framing scenario (r(80) = -0.34, p = .002) out of the total thirteen experimental 

items (nine framing and four discounting scenarios).  For framing items, the data was fit to a 

regression model predicting choice preference by the number of verbalized considerations while 

controlling for age.  This model was found to be predictive in only one scenario in each framing 

condition.  In the gain frame, the model significantly fit the Small amount Non-Technology-

related scenario (R2 = 0.32, F(2,39) = 9.31, p < 0.001), where a larger number of considerations 

was found to significantly predict a higher preference for the risky option (z = 0.62, 95% CI = 

[0.30, 0.93], β = 0.55, t = 4.16, p < .001).  In the loss frame, the model was found to be 
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moderately significant in the Medium amount Non-Technology-related scenario (R2 = 0.14, 

F(2,40) = 3.18, p = 0.053), where (similar to results described in Table 10) increased age was 

found to significantly predict a higher preference for the sure option (z = -0.39, 95% CI = [-0.71, 

-0.07], β = -0.39, t = -2.48, p = .018). 

 A second model was fit to the data in each scenario, adding each of the coded verbal 

protocol parameters as predictors for the associated framing items while controlling for age.  In 

the loss frame, this model was found to significantly describe difference in choice preference for 

the Large Monetary (R2 = 0.27, F(5,35) = 2.63, p = 0.040), Medium Non-Technology (R2 = 0.40, 

F(6,34) = 3.82, p = 0.005), and Large Non-Technology (R2 = 0.39, F(6,34) = 3.59, p = 0.007) 

scenarios.  In the loss framed Large Monetary scenario, verbal considerations related to the 

reward amount (z = -0.46, 95% CI = [-0.78, -0.15], β = -0.49, t = -3.00, p = .005) had a 

significant positive relationship with sure choices and mentioning the scenario as a gain or loss (z 

= 0.47, 95% CI = [0.15, 0.78], β = 0.54, t = 3.01, p = .005) was found to be significantly 

predictive of risky choices.   A similar pattern was found in the loss framed Large Non-

Technology scenario, where verbal considerations related to the reward amount (z = -0.46, 95% 

CI = [-0.78, -0.14], β = -0.47, t = -2.99, p = .005) had a significant positive relationship with sure 

choices and mentioning the scenario as a gain or loss (z = 0.42, 95% CI = [0.10, 0.73], β = 0.46, t 

= 2.67, p = .011) was found to be significantly predictive of risky choices.  The number of 

significant and moderately significant predictors was larger in the loss framed Medium Non-

Technology scenario, where age (z = -0.42, 95% CI = [-0.74, -0.10], β = -0.40, t = -2.69, p = 

.011) and verbal considerations related to the reward amount (z = -0.42, 95% CI = [-0.74, -0.10], 

β = -0.39, t = -2.68, p = .011) were significantly predictive of sure choices while verbalizations 

related to the probability associated with the scenario (z = -0.31, 95% CI = [-0.63, 0.01], β = -

0.26, t = -1.96, p = .059) was found to be moderately significant.  Mentioning the scenario as a 

gain or loss (z = 0.32, 95% CI = [-0.003, 0.63], β = 0.28, t = 2.00, p = .053) was also found to be 

moderately predictive of risky choices in this scenario.  In the gain frame, the model was found 

to significantly fit in the Small Non-Technology Scenario (R2 = 0.39, F(6,35) = 3.80, p = 0.005).  

In this scenario, verbal considerations related to the reward amount (z = 0.49, 95% CI = [0.18, 

0.81], β = 0.44, t = 3.23, p = .003) had a significant relationship with risky choices. 
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3.4 Discussion 

 
3.4.1 Framing 

 
 Using a lab-based sample with a comparatively younger young adult sample (Experiment 

1: M age = 25.42; Experiment 2: M age = 18.60) and older old adult sample (Experiment 1: M 

age = 61.48; Experiment 2: M age = 72.71), a general lack of framing effect was found within 

both age groups across the experimental items.  It is possible that the nature of collecting verbal  

 
 
Table 14 
Experiment 2: Hypotheses and Results. 

Hypothesis Description Supported 

1 
All participants will show a greater preference for risky option in 
monetary scenarios compared to both gift card scenarios. 

 

2 
Younger adults will show preference for risky option in gain framed, 
small amount, monetary scenarios when compared to older adults. 

 

3a 
Older adults will show a preference for the sure option in all 
technology-related scenarios when compared to younger adults. 

 

3b 
Older adults will indicate a willingness to accept less money in lieu of 
a technology-related gift card when compared to younger adults. 

 

4a 
Younger adults will show a preference for the risky-option in 
technology-related scenarios compared to non-technology scenarios. 

 

4b 
Older adults will show a preference for the sure-option in technology-
related scenarios compared to non-technology scenarios. 

 

5a 
Younger adults will display a lower cost of delay for technology-
related rewards compared to non-technology related rewards. 

 

5b 
Older adults will display a lower cost of delay for non-technology-
related rewards compared to technology-related rewards. 

 

6 
Older adults will display an overall lower cost of delay across cross-
modal discounting items compared to younger adults. 

 

7 
A greater numbers of verbalized considerations will be associated with 
a low cost of delay and general absence of a framing effect. 

P 

Note: “X” indicates a supported hypothesis; “P” indicates a partially supported hypothesis. 
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protocols caused participants to conduct a more thorough and calculated deliberation of the 

decision scenario and avoid simpler, heuristic-driven strategies that are more likely to influence 

participants to choose the sure option in gain scenarios and the risky option in loss scenarios.  

Though the experiment was specifically designed to attempt to limit reactivity through use of a 

“think-aloud” verbal report method, the potential influence of the verbal protocol procedure on  

choice selection may play into the lack of significant results found in Experiment 2.  Similar to 

Experiment 1, the results failed to support the majority of hypotheses predicting an age 

difference in the subjective valuation of technology-related items (Table 14).  Hypothesis 1 was 

again rejected.  Responses in monetary based scenarios were not found to display an increased 

preference for the risky option in the majority of the framing condition and outcome amount 

combinations.  Among older adults in the loss frame, Small Non-Technology rewards were 

found to be undervalued compared to Small Monetary rewards, though Small Technology-

related rewards did not significantly differ from the other two reward modalities. 

 Again mirroring the results from Experiment 1, few age differences were found when 

investigating risky choice preference across each of the 18 individual framing scenarios 

(2[frame: gain, loss] x 3[modality: monetary, technology, non-technology] x 3[amount: small, 

medium, large]).  The results rejected Hypothesis 2, finding no age difference in small amount, 

monetary scenarios framed as gains.  Rejecting Hypothesis 3a, older adults were not found to 

display an undervaluation of Technology-related rewards compared to younger adults in any of 

the framing and amount scenario combinations.  Hypothesis 3b was also rejected, finding older 

adults across the whole sample to not significantly differ in their objective valuation of 

Technology-related rewards.  When removing individuals who indicated that they retained 100% 

of the gift-card value, older adults were actually shown to overvalue Medium and Large 

Technology-related rewards, though this was also true for Non-Technology-related rewards of 

equal amounts. 

 There were also few apparent age differences when comparing Technology and Non-

Technology-related rewards within age groups.  Hypothesis 4a was rejected.  Younger adults 

were not found to subjectively overvalue Technology-related rewards more than Non-

Technology-related rewards in any framing or amount condition.  Pertaining to older adults, 

Hypothesis 4b was also rejected.  Older adults were found to overvalue Non-technology-related 

rewards when compared to money in one of the 18 framing scenarios, but it was never 
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significantly overvalued when compared to Technology-related rewards.  Matching the results 

from Experiment 1, in both age groups and across the various scenarios, Technology-related 

rewards were not found to be subjectively valued any differently compared to Monetary 

outcomes.  Surprisingly, Non-Technology-related rewards were again found to be intermittently 

overvalued compared to Monetary (and Technology-related) rewards in older adults. 

 Hypothesis 7 was mostly rejected for framing items.  The total number of considerations 

was found to be predictive of risky choice in only one of the eighteen framing conditions.  This 

significant relationship was found to be in the expected direction, where number of 

considerations verbalized in the gain framed, Small amount, Non-technology-related scenario, 

was found to be predictive of a lesser preference for the sure option, the choice predicted by the 

framing effect.  When investigating the types of verbalization individually, verbal considerations 

related to reward amount were found to mitigate the framing effect in some (four of eighteen) 

scenarios, predicting more sure choices in loss scenarios and more risky choices in gain 

scenarios.  In loss scenarios significantly described by the model, verbalizations specifically 

considering the scenario as a gain or loss were supportive of the framing effect, predicting more 

risky choices. 

 
3.4.2 Discounting 

 
Hypotheses related to the discounting items (5a, 5b, and 6) were all rejected.  No 

differences in cost of delay were found between scenarios within age groups, or between age 

groups in the cross-modal scenarios.  Increased age was found to significantly predict a higher 

cost of delay in the both uni-modal scenarios when controlling for individual discount rate, but 

not when entered into the model as the sole predictor variable.  Controlling for age, discount rate 

was also related to cost of delay in the expected direction, with an increased discount rate being 

significantly predictive of an increased cost of delay. 

The sample was again split into AAP and SAP individuals for further analysis.  AAP 

individuals again showed more age differences, though in a different pattern when compared to 

Experiment 1.  In the current experiment, younger adults displayed an overall lower cost of delay 

across all items, even though they were shown to have a higher temporal discount rate compared 

to older adults.  Within age groups, younger adults showed no difference across discounting 

scenarios, while older adults displayed a significantly lower cost of delay for the TD scenario 
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when compared to the other three.  Considering the cost of delay in cross-modal discounting 

scenarios in older adults, the results imply that older adults greatly overvalue the Department 

store gift card compared to the Computer store gift card, requiring a small amount of money to 

shift choice from the immediate Technology reward to the Delayed Non-Technology reward, and 

a much larger amount of money to shift choice from the immediate Non-Technology reward to 

the delayed Technology reward.  This pattern was not observed in younger adults. 

Hypothesis 7 was also rejected for discounting items.  Number of verbalized 

considerations was not found to be predictive of cost of delay.  While the verbal protocols were 

not found to be predictive of the data, they may have otherwise been reactive, influencing the 

generally uniform cost of delay across all discounting scenarios.  Younger adults were found to 

display a significantly lower cost of delay for uni-modal discounting items, even though they 

were shown to have a higher temporal discount rate.  It is important to note that participants were 

asked to provide verbal protocols while responding to the uni-modal and cross-modal items, but 

not when completing the temporal discounting measure (MCQ).  It is possible that more 

thoroughly considering the delay period while being asked to “think aloud” was reactive, causing 

a comparative undervaluation of the delay in younger adults or a comparative overvaluation of 

the delay in older adults. 

 
3.4.3 Summary 

 
 Similar to Experiment 1, the overall hypothesis that older adults subjectively value 

technology-related items comparatively less than younger adults was not supported in 

Experiment 2.  Unlike Experiment 1, participants in Experiment 2 provided “think-aloud” verbal 

reports while completing experimental items, and this procedure appears to have been reactive.  

Hypothesized effects, potentially suppressed by the sample population demographics in 

Experiment 1, appear possibly to be suppressed by reactivity to the verbal protocol procedure in 

Experiment 2.  Like Experiment 1, this current study revealed few age differences in the framing 

items.  A minority of framing scenarios, Small and Medium Non-Technology rewards framed as 

losses, were found to show a significant age difference.  Table 10 shows that this result is likely 

based on younger adults going against expected utility in these two scenarios and overvaluing the 

Non-Technology gift cards in relation to the Monetary outcome variable.  Though these values 

appear larger, it is important to know that the difference was ultimately not significant.  
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Likewise, results for the discounting items were inconclusive.  An age difference was apparent 

only in uni-modal items, where older adults were shown to have a higher cost of delay, and 

therefore discount rate.  But, this trend was unrelated to the nature of the outcome variable, being 

found for both the Technology and Non-Technology modalities.  Furthermore, when the sample 

was divided, AAP young adults (who are expected to perceive a high subjective difference 

between the reward identities) were not found to show a difference in cost of delay between uni-

modal and cross-modal items.  AAP Older adults, on the other hand, showed a strong preference 

for the Non-Technology reward in cross-modal scenarios. 

Experiment 2 was also marked by a number of limitations.  The total sample size was 

reduced by approximately one third resulting in a decreased, though still sufficient, power to find 

an effect.  Barring the decreased size, sample issues present in Experiment 1 appeared to be 

addressed with the in-lab sample used in Experiment 2.  Older and younger adults in the current 

sample displayed the expected age differences in computer proficiency and discount rate.  Still, 

the results from the current experiment were potentially tainted by reactivity to the verbalization 

procedure.  In general, further research was deemed necessary to determine if differences in the 

results between the first two experiments can be attributed to differences in the sample 

population or reactivity to the verbal protocols.  
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CHAPTER 4 

 

EXPERIMENT 3 
 
 

Following analysis of the data from Experiment 2, additional data was collected 

mirroring the study design from Experiment 2 minus the collection of verbal protocol data.  This 

approach was used to attempt to isolate and remove the potential reactivity to the verbalization 

procedure that may have influenced the results from Experiment 2. 

 
4.1 Method 

 

4.1.1 Participants 

 

82 total participants were recruited for Experiment 3.  40 younger adults (27 female; M 

age = 19.27, SD = 1.38), majority Caucasian (58%), with a median income of “less than $10,00” 

and currently enrolled in college classes were recruited through the Psychology Department at 

Florida State University and were compensated ½ course credit for their participation.  42 older 

adults (24 female; M age = 72.12, SD = 5.18), primarily Caucasian (88%), with a median income 

of “$40,000-$59,000” and education of “bachelor’s degree” were recruited from the Tallahassee 

metropolitan area and were compensated for their participation at a rate of $5 per 30 minutes.  

Both the younger and older adult participants reported using the computer a median value of “10 

hours a week or more”.  Across both age groups, compensation was decreased (though rate per 

hour was equivalent) compared to Experiment 2 due to the reduced average of study completion 

time after the think-aloud protocol training and collection had been removed from the study 

procedure.  To detect overall age effects using a regression model, the sample size provided 

sufficient power to detect a medium effect size in both discounting (n = 82, power = 93%) and 

gain and loss framing (n = 40, power = 67%) items (Faul, Erdfelder, Land, & Buchner, 2007). 

 

4.1.2 Materials 

 

All experimental items used in Experiment 1 were used again in Experiment 3 (see 

Section 2.1.2), including all demographic, moderating, and experimental variables. 
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4.1.3 Procedure 

 

The procedure in Experiment 3 mirrored that of Experiment 2 with the exception of the 

training and collection of data related to think-aloud protocols.  After obtaining consent, 

participants first completed the demographics, technology use demographics, and TIPI portions 

of the online questionnaire.  Participants were then presented with the experimental framing and 

discounting items as described in Experiment 1 (see Section 2.1.3).  Next, the remaining 

moderator variables were presented in the following order: first Resistance to Framing set (gain 

or loss), MCQ, Symbolic Number Mapping, CRT, BNT, and second Resistance to Framing set 

(gain or loss, frame opposite that of the first set).  Lastly, participants were presented with a text 

box and were asked to provide their impression of the purpose of the study. 

 
4.2 Predictions 

 
Using a more representative lab sample, and avoiding potential reactivity by not 

collecting think-aloud protocols, the predictions again match those from Experiment 1 (see 

Section 2.2). 

 
4.3 Results 

 

4.3.1 Predictor Variables 

 

As seen in Table 15, the in-lab sample used in the current experiment is similar 

demographically to that used in Experiment 2 (see Table 8).  Younger adults were again found to 

score significantly higher in computer proficiency and display a significantly higher temporal 

discount rate. Like the sample from Experiments 1 and 2, there was also a significant difference 

found in the Agreeableness personality factor, with older adults scoring significantly higher in 

that parameter.  Somewhat mirroring the in-lab sample from Experiment 2, older adults scored 

marginally higher in Conscientiousness, although the relationship was ultimately non-significant 

(p = .061).  Also mirroring the prior in-lab sample, no age difference was found in many of the 

cognitive variables, including symbolic number mapping, cognitive reflection, and numeracy.  

Only one younger adult indicated an understanding that the study was designed to compare 

individuals’ valuation of technology and non-technology related consumer goods.  As concluded 
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in the first two experiments, demand characteristics are unlikely to influence the results of 

Experiment 3. 

One notable difference from the Experiment 2 sample is a significant age difference in 

the resistance to framing measure, with older adults found to be significantly more susceptible to 

the framing effect.  The data for this measure was collected after the experimental framing items 

in both Experiment 2 and Experiment 3, though participants in Experiment 3 were not asked to 

think-aloud while completing the experimental items.  This finding supports the hypothesis that 

the act of thinking-aloud in Experiment 2 was generally reactive, influencing decisions in a 

manner not present when participants were not instructed to speak their thoughts aloud.  This 

verbalization may have altered the evaluation of framing related items, carrying over to the 

resistance to framing measure in Experiment 2 even when older adults were no longer providing 

think-aloud protocols. 

 
 
Table 15 
Experiment 3: Means and Standard Deviation of Predictor Variables by Age Group 

 Younger Adults Older Adults Regression: Age 

 Mean (SD) Mean (SD) β t p 

CPQ Total 28.35 (1.95) 25.19 (5.48) -0.37 -3.61 0.001 

Extraversion 4.40 (1.57) 4.30 (1.69) -0.01 -0.10 0.920 

Agreeableness 5.03 (1.17) 5.64 (1.13) 0.27 2.50 0.015 

Conscientiousness 5.61 (1.24) 6.07 (1.23) 0.21 1.90 0.061 

Emotional Stability 4.91 (1.27) 5.39 (1.20) 0.17 1.52 0.133 

Openness 5.41 (1.26) 5.37 (1.16) -0.02 -0.17 0.866 

Resistance to Framing 0.98 (0.62) 1.37 (0.79) 0.29 2.75 0.007 

Symbolic Number Mapping -1.01 (0.22) -1.07 (0.26) -0.14 -1.27 0.208 

Discount Rate (ln) -4.29 (1.25) -5.23 (1.28) -0.33 -3.13 0.002 

Cognitive Reflection 0.55 (0.88) 0.48 (0.83) -0.04 -0.39 0.698 

Numeracy 1.75 (0.78) 1.76 (1.03) 0.02 0.14 0.886 
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4.3.2 Framing Items 

 

 4.3.2.1 The Framing Effect within Age Groups.  The incidence of the framing effect 

was again analyzed within each separate age group, recalculating the 6-point choice preference 

scale into a binary, sure or risky choice variable for a chi-squared analysis.  Like Experiment 2, it 

was unexpectedly found that neither age group showed a framing effect in any choice scenario 

(Table 16).  Also mirroring the results from Experiment 2, participants in both age groups 

seemed to generally favor sure over risky choices in the majority of scenarios in both gain and 

loss frames, except for younger adults in all modalities of the “small” amount scenarios.  Unlike 

Experiment 2, participants in the current experiment were not providing think-aloud verbal 

reports while completing the experimental items. 

 
 
Table 16 
Experiment 3: Between-Subjects Incidence of the Framing Effect by Age Group 

 Number of Sure Choices (out of n = 32 for each cell) 

 Younger Adults  Older Adults 

Scenario Loss 
(n=20) 

Gain 
(n=20) 

  Χ
2
  Loss 

(n=20) 
Gain 

(n=22) 
  Χ

2
 

Monetary Small 10 7 0.92  8 14 2.35 

Technology Small 10 8 0.40  11 15 0.77 

Non-Technology Small 10 9 0.10  12 14 0.06 

Monetary Medium 12 14 0.44  12 15 0.31 

Technology Medium 15 13 0.48  16 18 0.02 

Non-Technology Medium 14 14 0.00  15 18 0.29 

Monetary Large 15 14 0.13  14 19 1.67 

Technology Large 14 15 0.13  16 20 1.02 

Non-Technology Large 13 13 0.00  14 20 2.97 

Note: * <.05, ** <.01; *** <.001 
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 4.3.2.2 Aging and the Effect of Item Framing.  Initially, age differences in choice 

preference were investigated independently within each frame.  Using age to predict choice 

preference in a regression model, age differences were observed in two out of nine gain scenarios 

and zero of the nine loss scenarios.  The results for monetary gain framed items followed the 

predicted pattern based on the results of a previous meta-analysis investigating age differences in 

the effect of framing on monetary items in differing amount (Best & Charness, 2015).  As seen 

in Table 17, an age difference was apparent for Small amount financial items (z = -0.37, 95% CI 

= [-0.68, -0.05]), but this effect was not present in larger amounts (see Figure 2) represented in 

this experiment as the Medium and Large amount variables, describing outcomes in hundreds 

and thousands of dollars, respectively. The results for the Technology-related Small amount 

scenario (z = -0.31, 95% CI = [-0.62, 0.004]) followed this same pattern, suggesting that funds 

allocated for use exclusively for technology items is not differentially valued between age groups 

compared to money.  However, this effect of age was removed when controlling for computer 

proficiency, personality, and cognitive variables through the introduction of the additional 

predictor variables to the regression model (see Table 15), resulting in the overall fit of the 

models becoming non-significant for both Small amount Monetary (R2 = 0.33, F(11,30) = 1.36, 

p = 0.241) and Small amount Technology-related (R2 = 0.24, F(11,30) = 0.87, p = 0.582) 

scenarios.  On the other hand, the addition of these variables to the regression model uncovered 

some significant and near-significant effects of cognitive predictors in Loss framed Technology-

related scenarios in both Small (R2 = 0.46, F(11,28) = 2.14, p = 0.051 [note: this model fits at R2 

= 0.40, F(6,33) = 5.71, p = 0.008 with the removal of the personality variables from the model]) 

and Medium (R2 = 0.56, F(11,52) = 3.30, p = 0.005) amounts.  The preference for risky choice 

was predicted in Small amount Technology-related Loss scenarios by Cognitive Reflection 

scores (z = 0.57, 95% CI = [0.25, 0.89], β = 0.65, t = 3.70, p = 0.001) and moderately by 

Numeracy (z = -0.32, 95% CI = [-0.64, 0.002], β = -0.33, t = -2.01, p = 0.054), with higher CRT 

scores and lower BNT scores associated with preferring a more risky choice.  The preference for 

risky choice was predicted in Medium amount Technology-related Loss scenarios by Cognitive 

Reflection scores (z = 0.58, 95% CI = [0.26, 0.91], β = 0.60, t = 3.81, p = 0.001), Numeracy (z = 

-0.63, 95% CI = [-0.95, -0.31], β = -0.61, t = -4.14, p < 0.001), Symbolic Number Mapping (z = 

0.33, 95% CI = [0.01, 0.65], β = 0.34, t = 2.05, p = 0.050), and the Conscientiousness personality 

variable (z = -0.33, 95% CI = [-0.65, -0.01], β = -0.36, t = -2.05, p = 0.050).  Preferring a more  
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Table 17 
Experiment 3: Means and Standard Deviation of Framing Items by Age Group 

 Younger Adults Older Adults Regression: Age 

Scenario Mean (SD) Mean (SD) β t p 

Gain Frame        

Monetary Small 3.95 (1.93) 2.82 (1.37) -0.35 -2.37 0.023 

Technology Small 3.65 (2.11) 2.55 (1.57) -0.30 -1.99 0.053 

Non-Technology Small 3.35 (1.87) 2.68 (1.81) -0.19 -1.21 0.235 

Monetary Medium 2.50 (1.50) 2.59 (1.76) 0.05 0.33 0.740 

Technology Medium 2.80 (1.91) 2.09 (1.38) -0.20 -1.27 0.212 

Non-Technology Medium 2.55 (1.79) 2.09 (1.31) -0.14 -0.92 0.363 

Monetary Large 2.70 (1.92) 2.14 (1.61) -0.15 -0.95 0.350 

Technology Large 2.25 (1.86) 1.86 (1.36) -0.11 -0.67 0.504 

Non-Technology Large 2.65 (2.01) 2.00 (1.35) -0.19 -1.23 0.226 

Loss Frame        

Monetary Small 3.30 (1.49) 3.55 (1.70) 0.12 0.76 0.452 

Technology Small 3.40 (1.39) 3.25 (1.62) -0.02 -0.14 0.888 

Non-Technology Small 3.40 (1.31) 3.20 (1.47) -0.02 -0.14 0.890 

Monetary Medium 3.10 (1.33) 2.85 (1.60) -0.08 -0.48 0.632 

Technology Medium 3.10 (1.17) 2.60 (1.23) -0.21 -1.30 0.203 

Non-Technology Medium 3.10 (1.17) 2.65 (1.18) -0.18 -1.14 0.262 

Monetary Large 3.00 (1.38) 2.40 (1.47) -0.21 -1.30 0.201 

Technology Large 3.10 (1.29) 2.60 (1.23) -0.20 -1.25 0.219 

Non-Technology Large 3.00 (1.12) 2.85 (1.27) -0.05 -0.29 0.771 

Note: Framing items are scored on a 1-6 scale, with greater numbers indicated an increased 
preference for the risky option. 
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risky choice in this scenario was associated with decreased numeracy and conscientiousness, and 

increased CRT and Symbolic Number Mapping scores.  

A two-way mixed ANOVA was conducted, using contrast analyses to investigate 

differences in risky choice preference between the scenario modalities within each age group.  In 

Small amount Gain scenarios, a significant main effect of age (F(1) = 4.15, p = .048) was found, 

though the main effect of reward modality and the interaction between modality and the age term 

were found to be non-significant.  In the Small amount Gain scenario, younger adults were 

shown to generally overvalue the outcome variables by showing a relative preference for the 

risky option when compared to older adults.  All other scenarios (Medium and Large Gain 

scenarios and all Loss framed scenarios) were not found to show a main effect for age, reward 

modality, or the interaction between modality and age.  In all scenarios, both younger and older 

adults did not show a significant difference in risky choice between the three modalities.  In all 

amount scenarios, money, technology-related gift cards, and non-technology-related gift cards 

were not effectively valued any differently from one another within each age group. 

 
4.3.2.3. Objective Value Measures.  The objective value measures were analyzed using 

the same procedure described in Section 2.3.2.3, analyzing both the total sample as well as a 

corrected sample including only those participants who indicated they would accept an amount 

of money below 100% of the face value of the gift card.  When including the entire sample, the 

regression model was not found to be predictive of total value retained in any of the experimental 

modality and amount combinations (see Table 18).  After removing participants who indicated 

they would not accept below 100% of the face value of the gift card, the regression model was 

found to be significant in the Medium size Non-Technology modality.  In this scenario, both age 

and framing condition were found to be predictive of total value retained, with age predictive of 

higher retained value (z = 0.32, 95% CI = [0.05, 0.59], β = 0.32, t = 2.37, p = 0.022) and being 

exposed to the gain condition predictive of retaining a lower value (z = -0.28, 95% CI = [-0.55, -

0.01], β = -0.28, t = -2.09, p = 0.042).  

 

4.3.3 Discounting Items 

 
 Following the method described in Section 2.3.3, the sample was screened for the basic 

discounting assumption where individuals will indicate a preference for the immediate reward in  
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Table 18 
Experiment 3: Objective Value Measures 

 Percentage of Value Retained Regression 

 Younger Adults Older Adults Model 

 n M SD n M SD F p 

Total Sample         

Tech Small 40 76.65 (22.53) 42 79.48 (25.80) 0.27 .766 

Non-Tech Small 40 74.35 (22.69) 42 79.81 (23.68) 0.84 .435 

Tech Medium 40 74.16 (22.93) 42 80.66 (24.14) 1.05 .354 

Non-Tech Medium 40 72.89 (25.65) 42 84.40 (20.68) 2.51 .088 

Tech Large 40 77.18 (25.68) 42 81.44 (20.62) 0.35 .706 

Non-Tech Large 40 73.03 (26.97) 42 78.26 (24.40) 0.72 .488 

Corrected Sample         

Tech Small 25 62.64 (16.73) 27 68.07 (25.92) 1.17 .319 

Non-Tech Small 29 64.62 (19.00) 26 67.38 (22.32) 1.79 .178 

Tech Medium 31 66.65 (20.62) 28 70.99 (24.37) 0.82 .447 

Non-Tech Medium 29 62.60 (22.76) 27 75.73 (21.36) 5.04 .011 

Tech Large 28 67.40 (24.95) 30 74.01 (20.04) 1.46 .243 

Non-Tech Large 21 53.82 (31.30) 24 74.76 (19.28) 2.75 .075 

Note: Corrected Sample analyzed after the removal of individuals who retained 100% of value. 
 
 
both uni-modal scenarios.  One younger adult and eight older adults were removed for violation 

of this assumption, resulting in a final pool of 39 younger adults and 34 older adults used for the 

following analyses. 

Mean cost of delay within each age group for each of the four discounting scenarios can 

be seen in Figure 7.  A linear regression model was fit to the data, using age to predict the cost of 

delay in each scenario.  Age alone was not found to significantly prediction the cost of delay for  
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Figure 7: Experiment 3 cost of delay by age and modality.  Bars represent 95% CI.  Modality: T 
= Technology, D = Non-Technology.  Temporal Proximity: Left of arrow indicates immediate 
reward, right of arrow indicates delayed reward. 
 
 
uni-modal discounting items in either the Technology or Non-Technology gift card modalities 

(Table 19).  Expanding the model to include computer proficiency and cognitive predictors 

(discount rate, symbolic number mapping, numeracy, and cognitive reflection) described a 

significant portion of the variance in TT scenario.  Symbolic number mapping (z = -0.32, 95% 

CI = [-0.54, -0.10], β = -0.34, t = -2.88, p = .005) was found to have a negative relationship and 

cognitive reflection (z = 0.32, 95% CI = [0.10, 0.54], β = 0.35, t = 2.89, p = .005) was found to 

have a positive relationship to cost of delay in this scenario.  The addition of personality 

variables to the model did not significantly improve model fit. 

The same approach was used to investigate the relationship between age and cost of delay 

in the cross-modal scenarios (Table 20).  When included as the only predictor variable, age was 

shown to not have a significant negative relationship to cost of delay in the cross-modal 

scenarios.  The addition of computer proficiency and cognitive variables did not improve the 

model fit for either scenario.  Likewise, the addition of personality variables was also not found  
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Table 19 
Experiment 3: Uni-Modal Discounting Regression Models 

 Technology  Technology Department  Department 

 β R
2
 ΔR

2
 F β R

2 ΔR
2 F 

Model 1  0.03 -- 2.22  0.01 -- 0.76 

Age -0.18    -0.10    

Model 2  0.22 0.19* 3.14**  0.04 0.03 0.51 

Age -0.21    -0.11    

CPQ  0.06     0.08    

MCQ -0.14    -0.04    

SNM -0.34**    -0.18    

BNT -0.01     0.04    

CRT  0.35**     0.07    

Note: * <.05, ** <.01; *** <.001 
 
 
to significantly improve model fit. 

The data was further analyzed using a two-way mixed ANOVA to test between and 

within-subjects comparisons across all four discounting scenarios using contrast analyses.  

Within-subjects, there was a significant overall effect of scenario (F(3) = 6.37, p < .001), though 

the main effect of age (F(1) = 1.99, p = .163) and the interaction between scenario and age group 

were found to be non-significant (F(3) = 0.71, p = .546).  Overall, across both age groups, the 

TD cross-modal item had a significantly lower cost of delay compared to the three other 

scenarios: DT (p = .001), TT (p = .022), and DD (p = .009).  These three scenarios did not 

significantly differ from each other. 

Following the approach used by Cubitt et al. (2015) and described in Section 2.3.3, the 

sample was separated into “’A’ Always Preferred” (AAP) and “Soonest Always Preferred” 

(SAP) groups.  Younger adults were found to include 14 AAP and 25 SAP while older adults 

were found to include 19 AAP and 15 SAP.  Younger adults appear to slightly prefer the SAP 
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Figure 8: Experiment 3 cost of delay by decision strategy, age, and modality.  Bars represent 95% CI.  Modality: T = Technology, D = 

Non-Technology.  Temporal Proximity: Left of arrow indicates immediate reward, right of arrow indicates delayed reward.
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Table 20 
Experiment 3: Cross-Modal Discounting Regression Models 

 Technology  Department Department  Technology 

 β R
2
 ΔR

2
 F β R

2 ΔR
2 F 

Model 1  0.03 -- 2.37  0.00  0.06 

Age -0.18     0.03    

Model 2  0.07 0.04 0.87  0.07 0.07 0.87 

Age -0.16     0.06    

CPQ  0.05    -0.04    

MCQ -0.04     0.19    

SNM  0.06    -0.20    

BNT -0.00     0.02    

CRT  0.16     0.07    

Note: * <.05, ** <.01; *** <.001   
 
 
approach, though a chi-squared analysis shows this age difference to be non-significant ((X2(1, 

N=73) = 2.93, p = .087). 

The data was further analyzed using two separate two-way mixed ANOVAs to test 

between and within-subjects comparisons across all four discounting scenarios within both AAP 

and SAP groups.  There was a trending, but ultimately non-significant overall effect of scenario 

for the SAP group (F(3) = 2.60, p = .056).  In this group, the main effect of age (F(1) = 0.32, p = 

.573) and the interaction between scenario and age group were found to be non-significant (F(3) 

= 0.61, p = .611).  There was a significant overall effect of scenario for the AAP group (F(3) = 

5.06, p = .003), though the main effect of age (F(1) = 0.11, p = .742) and the interaction between 

scenario and age group were found to be non-significant (F(3) = 1.30, p = .279).  Similar to the 

relationship for the whole sample described above, in the AAP group, the TD cross-modal 

item had a significantly lower cost of delay (see Figure 8) compared to the two uni-modal 

scenarios and a moderately significant cost of delay compared to the other cross-modal scenario: 
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DT (p = .068), TT (p = .002), and DD (p = .020).  These three scenarios did not 

significantly differ from each other. 

 
4.4 Discussion 

 
4.4.1 Framing 

 
 The in-lab sample used in Experiment 3 was comparable to that used in Experiment 2.  

Expected age differences in computer proficiency and discount rate were again found along with 

an age difference in the resistance to framing measure.  Supporting the theoretical account of  

 
 
Table 21 
Experiment 3: Hypotheses and Results. 

Hypothesis Description Supported 

1 
All participants will show a greater preference for risky option in 
monetary scenarios compared to both gift card scenarios. 

 

2 
Younger adults will show preference for risky option in gain framed, 
small amount, monetary scenarios when compared to older adults. 

X 

3a 
Older adults will show a preference for the sure option in all 
technology-related scenarios when compared to younger adults. 

P 

3b 
Older adults will indicate a willingness to accept less money in lieu of 
a technology-related gift card when compared to younger adults. 

 

4a 
Younger adults will show a preference for the risky-option in 
technology-related scenarios compared to non-technology scenarios. 

 

4b 
Older adults will show a preference for the sure-option in technology-
related scenarios compared to non-technology scenarios. 

 

5a 
Younger adults will display a lower cost of delay for technology-
related rewards compared to non-technology related rewards. 

 

5b 
Older adults will display a lower cost of delay for non-technology-
related rewards compared to technology-related rewards. 

 

6 
Older adults will display an overall lower cost of delay across cross-
modal discounting items compared to younger adults. 

 

Note: “X” indicates a supported hypothesis; “P” indicates a partially supported hypothesis. 
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aging being associated with an increased reliance on heuristic-driven decision making, older 

adults were shown to have a slightly, but significantly, lower resistance to framing score, 

indicating that they are slightly more susceptible to the framing effect.  Though the study 

procedure did not include the collection of “think-aloud” protocols, the overall framing effect 

was absent in both age groups across all experimental framing items.  This calls into question the 

proposed role of reactivity in the absence of overall effects found in Experiment 2. 

Similar to the results from the previous experiments, many hypotheses were rejected 

(Table 21). Hypothesis 1 was again rejected.  Responses in monetary based scenarios were not 

found to display an increased preference for the risky option in the majority of the framing 

condition and outcome amount combinations. In both age groups, the three different outcome 

modalities were not shown to be differentially valued within each framing and amount scenario 

combination.  This lack of a difference in valuation between modalities also rejects Hypotheses 

4a and 4b. 

 Hypothesis 2 was supported by the results.  Replicating results found in a prior meta-

analysis (Best & Charness, 2015), younger adults were found to show a preference for this risky 

option in Small amount Monetary scenarios in the gain frame.  This age effect was also found in 

the small scenario utilizing a Technology-related outcome variable, indicating that money and a 

gift card designated for a technology application were not differentially valued between age 

groups.  It is important to note that the influence of age in these models was completely removed 

with the introduction of additional cognitive variables.  Aside from this result, few other age 

differences were found when investigating risky choice preference across each of the 18 

individual framing scenarios (2[frame: gain, loss] x 3[modality: monetary, technology, non-

technology] x 3[amount: small, medium, large]).  Hypothesis 3a was mostly rejected.  Except for 

the gain framed, Small amount, Technology-related scenario, increased age was not found to 

predict a preference for the sure option in the remaining Technology-related outcome scenarios.  

Although age was not a factor, some relationships between predictor variables and Technology-

related outcomes were uncovered.  Controlling for age, an increase in subjective valuation of 

Technology-related awards was predicted by an increase in cognitive reflection and a decrease in 

numeracy.  This results is particularly notable as cognitive reflection and numeracy were found 

to be significantly positively correlated (r(80) = 0.39, p < .001), and as a result warrants further 

investigation.  Hypothesis 3b was also rejected.  Older adults did not indicate a willingness to 
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accept less money in lieu of Technology-related gift cards, showing no significant difference 

when compared to younger adults. 

 
4.4.2 Discounting 

 
Hypotheses 5a and 5b, pertaining to the uni-modal discounting items, were rejected.   No 

age difference was observed in cost of delay between reward modalities within or between age 

groups.  Hypothesis 6 was also rejected.  No age difference was found in cost of delay for cross-

modal items, indicating that older and younger adults perceived a similar subjective difference 

between the Technology and Non-Technology-related outcomes.  When split into AAP and SAP 

individuals, no age differences or interaction between age and scenario were present in either 

sample group.  As expected, the AAP group showed an overall decrease of cost of delay for 

cross-modal items across both age groups.  Similar to the results found in Experiment 2, these 

individuals appeared to prefer the Non-Technology-related reward regardless of age. 

 
4.4.3 Summary 

 
 Supporting findings from the first two experiments, the overall hypothesis that older 

adults subjectively value technology-related items comparatively less than younger adults was 

again rejected in Experiment 3.  Though older adults displayed a lower resistance to framing 

manipulations, all participants from Experiment 3 were not found to show an overall framing 

effect, even in monetary-based scenarios where the finding is normally rather robust.  Still, the 

hypothesized age effect for small amount monetary items was supported, though the effect of age 

became non-significant with the introduction of additional predictor variables.  Overall, all 

participants were shown to react similarly to all experimental item sets, valuing all three 

modalities equally across amount levels and framing conditions. 

Pertaining to discounting items, Experiment 3 supported the results from Experiment 2 

for older adults, but also found a general effect for younger adults whereas both age groups 

reported a lower cost of delay for cross-modal items.  Combining the framing and discounting 

results, it appears there is an individual difference factor where a subset of individuals, equally 

distributed across age groups, are inclined to perceive a larger conceptual difference between 

technology and non-technology-related items.  These individuals perceive this difference as 

holding more weight in the decision process, effectively overshadowing the weight of the 
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perceived delay resulting in a decrease in cost of delay.  In both age groups, these individuals 

report a general preference for the non-technology-related reward over the technology-related 

outcome.  Furthermore, Experiment 3 was not able to support the hypothesis that reactivity to 

providing verbal reports influenced the results found in Experiment 2.  Overall, similar results 

were found between these two studies using similar in-lab samples both collecting and not 

collecting verbal reports.  
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CHAPTER 5 

 

GENERAL DISCUSSION 

 

 
 The current study attempted to measure relative age differences in the subjective 

valuation of technology using classic and novel decision paradigms, gain-loss framing and cross-

modal discounting, respectively.  Taken as a whole, the findings from the current set of studies 

were unable to support the general hypothesis that older adults subjectively value technology at a 

lower level compared to younger adults.  Through all 3 experiments, few age differences were 

found when comparing risky choice preference across the various framing items.  Likewise, the 

computer proficiency, cognitive, and personality predictor variables were not found to show a 

consistent relationship with risky choice preference when controlling for age in the model.  

Against expected utility, in the majority of scenarios in both age groups, the gift cards were not 

found to influence a preference for risky choice any differently than a monetary reward of the 

same amount and framing condition.  In other words, Technology and Non-Technology-related 

gift cards were not found to be differentially valued across the age range and, more curiously, 

were not shown to be valued differently when compared to an equal amount of currency. 

 Though few differences in subjective value were discovered using the framing paradigm, 

the application of the cross-modal discounting paradigm (Cubitt et al., 2015) uncovered that a 

subset of individuals appear to perceive a large attribute difference between the Technology and 

Non-Technology gift cards.  Some individuals (SAP) perceived little attribute difference, 

increasing the weight applied to the delay aspect of the scenario and as a result, responding to 

cross-modal scenarios similarly to uni-modal scenarios.  Other individuals perceived a larger 

subjective difference in the nature of the two rewards, increasing the number of perceived 

unshared traits between the scenarios and as a result, decreasing the overall weight applied to the 

delay aspect of the scenario.  These AAP individuals displayed a significantly lower cost of 

delay for cross-modal scenarios and generally responded in a manner indicating a preference for 

the Non-Technology gift card. 

 Combining the results of the analyses for these two paradigms, there appears to be a 

subset of individuals (AAP), unrelated to age, that perceive a large attribute difference between 

funds earmarked for the purchase of Technology and Non-Technology products, but subjectively 
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(and objectively) value them equally.  This difference suggests that the perception of benefit or 

utility is not necessarily directly related to the subjective dollar amount value placed on specific 

items.  In this light, the current findings are not necessarily incongruous with previous findings 

highlighting the importance of the role of perceived benefit in technology adoption (e.g., 

Melenhorst et al., 2006).  If this is the case, further investigation of age differences in the 

subjective valuation of technology using methods utilizing monetary value as an outcome 

measure may prove to be fruitless.  The current studies were not found to be able to sufficiently 

investigate age differences in the weight applied to the perceived usefulness, or benefit, factor in 

the prevailing models of technology acceptance (e.g., Venkatesh, Thong, & Xu, 2012). 

Previous research attempts using decision-making paradigms were unable to parse if 

differing weights were applied to the cost and benefit aspects of a decision making scenario 

related to technology and technology-related learning (Best, 2011).  The current study was 

designed to isolate a single branch of the decision scenario.  Following the emphasis previous 

research has placed on the benefit aspect of the decision-making process in technology adoption 

scenarios, the role of perceived benefits, in this case investigated through subjective valuation, 

was isolated in the current study. 

In general, older adults have been shown to prefer positively framed information 

compared to younger adults (Carstensen & Mikels, 2005; Mather & Carstensen, 2005) and have 

shown an increased likelihood to remember relatively more positive than negative information 

(Mather, Knight, & McCaffrey, 2005).  This includes preferences for positive information in the 

realm of healthcare (Isaacowitz & Choi, 2012), where positively framed health information has 

been shown to be rated as being more informative by older adults (Shamaskin, Mikels, & Reed, 

2010) and be more likely to be remembered (Löckenhoff & Carstensen, 2007).  This age 

differential is removed when older adults are encouraged to avoid simple heuristic-driven 

thought processes and employ a more thorough and critical strategy (Löckenhoff & Carstensen, 

2007).  This approach has also been found to reduce the age differential in the framing effect 

(Thomas & Millar, 2012), a finding supported in the current study.  Though participants were not 

instructed to use a more critical decision strategy, it appears that verbalizing one’s thought 

process may have encouraged a less heuristic driven strategy, erasing the framing effect for older 

adults in Experiment 2 that was found in Experiment 1.  Supporting this interpretation, the action 

of providing verbal reports has been shown to increase performance on some cognitive tests (Fox 
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& Charness, 2010).  Unfortunately, further investigation would be required to confirm the effect 

of verbalization on the influence of gain-loss framing as a similar participant population in 

Experiment 3 also failed to show a framing effect in the absence of verbal report protocols. 

In all experiments, it was apparent that older adults were not differentially affected by 

positive information compared to younger adults.  While younger adults showed a slight 

preference for the risky-option in some individual gain framed scenarios, no pattern was apparent 

related to the framing condition, reward amount, or outcome modality.  Overall, older adults did 

not seem to follow predictions from either the positivity effect (Reed & Carstensen, 2012) or loss 

prevention (Ebner, Freund, & Baltes, 2006) theories, responding similarly to younger adults 

across the great majority of scenarios.  At least in the case of framing items related to money, 

technology-related, and non-technology-related gift cards, positive information was not found to 

have a differential age effect. 

These results inform a number of future directions to advance this line of research.  First, 

potential age differences in the perception of benefit related to technology use needs to be 

investigated in terms of personal relevance as opposed to dollar valuation.  The findings from the 

current study highlight the idea that individuals are able to perceive an item as holding monetary 

value without it necessarily being relevant or desired.  When an undesired reward is not 

compared with a reward of a differing modality, it appears that the decision strategy is shifted to 

evaluate other aspects of the scenario.  In the case of framing items, individual differences in risk 

tolerance may have overwhelmed the nature of the reward variable.  Similarly, as shown in the 

discounting items, (in)tolerance to delays seemed to drive the decision-making process, even 

when presented with a cross-modal scenario in some individuals (SAP).  Shifting the focus of the 

perceived benefits to age differences in perceptions of relevance may better explain the age gap 

in technology adoption.  Increasing the perception of personal relevance of tasks has been shown 

to provide an age mitigating effect, resulting in older adults expending more cognitive effort 

(Ennis, Hess, & Smith, 2013), taking more time to critically analyze options (Meyer, Talbot, & 

Ranalli, 2007), and employ more effortful and systematic search strategies (Hess, Queen, & 

Ennis, 2013) in decision-making scenarios. 

Future studies should also seek to investigate the influence of the negative, or cost, 

aspects of the decision-making scenario related to technology adoption.  While the overall 

weight applied to negative aspects appears to be less when compared to positive aspects, 
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negative information has been shown to be relatively more motivating in older adults when 

compared to their younger counterparts.  Negative information has been shown to have a 

comparatively larger effect in older adults in decision-making related to health maintenance 

(Lockwood, Chasteen, & Wong, 2005) or to engage in a collective action (Weiss, Sczesny, & 

Freund, 2016). 

Individual differences between members of the SAP and AAP discounting groups should 

also be investigated.  The distribution of these individuals was found to be equal across age 

groups, showing that a large perceived attribute difference pertaining to technology versus non-

technology rewards is not necessarily age dependent.  As AAP individuals were shown to 

generally prefer the non-technology-related gift card across age groups, a low personal relevance 

of technology may be associated with this type of strategy in technology-related decision 

scenarios. 
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APPENDIX A 

 
DEMOGRAPHIC ITEMS 

 
 

What is your gender? 
o Male 
o Female 

 
Please enter your numerical age in years: 
 [text field] 
 
How would you describe your primary racial group? 

o White / Caucasian 
o Black / African American 
o Hispanic / Latino 
o Asian 
o American Indian / Alaskan Native 
o Native Hawaiian / Pacific Islander 
o Multi-Racial 
o Other  [text field] 

 
What is the highest degree or level of schooling your have completed? 

o No formal education 
o Less than high school 
o High school / GED 
o Vocational training 
o Some college / Associates degree 
o Bachelor’s degree (e.g., BA, BS) 
o Master’s degree (or other post-graduate training) 
o Doctoral Degree (e.g., PhD, MD, JD, DDS) 

 
What amount describes the total amount of your yearly income?  Please consider all forms of 
income, including salaries, tips, interest and dividend payments, scholarship support, student 
loans, parental support, social security, alimony, child support, etc. 

o Less than $10,000 
o $10,000 - $19,999 
o $20,000 - $39,999 
o $40,000 - $59,999 
o $60,000 - $79,999 
o $80,000 - $99,999 
o More than $100,000 
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APPENDIX B 

 
DESCRIPTIONS OF HYPOTHETICAL GIFT CARD SCENARIOS 

 
 

Technology-related, presented before technology framing items: 

 

Next you will be asked to consider some decision scenarios involving gift cards and/or 
store credit that may only be used to purchase items from a particular computer/electronics 

store (e.g., "Apple store", "Microsoft store").  In this case, think of this computer/electronics 
store as a retail outlet that sells computers, tablets, software, and smartphones. 

In these hypothetical scenarios, please imagine that the gift cards and/or store credit may 
only be used to purchase items for your own personal use.  Imagine that the balance of the gift 
cards and/or store credit are non-transferable to others and that you may not give away the items 
you have purchased. 
 
Non-technology-related, presented before non-technology framing items: 

 
Next you will be asked to consider some decision scenarios involving gift cards and/or 

store credit that may only be used to purchase items from a particular department store (e.g., 
"Macy's", "J.C. Penney").  In this case, think of this department store as a retail outlet that sells 
clothing, furniture, bedding, toiletries, and kitchenware. 

In these hypothetical scenarios, please imagine that the gift cards and/or store credit may 
only be used to purchase items for your own personal use.  Imagine that the balance of the gift 
cards and/or store credit are non-transferable to others and that you may not give away the items 
you have purchased. 
 
Reminder Prompt, presented before discounting items: 

 
The next set of questions will ask you to indicate your preference between hypothetical 

gift cards to computer/electronics stores and/or department stores.  Just as a reminder: 
Imagine the computer/electronics store as a location in which you are able to purchase 

items like computers, tablets, software, and smartphones.  You are not able to purchase 
common electronic items like televisions and radios; nor other items like clothing and furniture. 

Also, imagine the department store as a location in which you are able to purchase 
items like clothing, furniture, bedding, toiletries, and kitchenware.  You are not able to 
purchase common electronic items like televisions and radios; nor computer electronics like 
tablets, computers, and smartphones. 

In these hypothetical scenarios, please imagine that the gift cards may only be used to 
purchase items for your own personal use.  Imagine that the balance of the gift cards are non-
transferable to others and that you may not give away the items you have purchased.   
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APPENDIX C 

 
SAMPLE FRAMING AND OBJECTIVE VALUE ITEMS 

 
 
Positively Framed Item: 

 
 

 
Negatively Framed Item: 
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APPENDIX D 

 
SAMPLE UNI-MODAL DISCOUNTING ITEMS 

 

 

Uni-modal initial item: 

 
 
Uni-modal cost-of-delay items: 
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APPENDIX E 

 
SAMPLE CROSS-MODAL DISCOUNTING ITEMS 

 
 
Cross-modal initial item: 

 
 
Cross-modal cost-of-delay items: 
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APPENDIX F 

 

ORIGINAL IRB APPROVAL LETTER 
 

 

 

  

 
Office of the Vice President for Research 

Human Subjects Committee 

Tallahassee, Florida 32306-2742 

 (850) 644-8673 · FAX (850) 644-4392 

 

APPROVAL MEMORANDUM 

 

Date:   

 

To: 

 

Address:   

 

Dept.:         

 

From:      Thomas L. Jacobson, Chair 

 

Re: Use of Human Subjects in Research 

          

 

 

The application that you submitted to this office in regard to the use of human subjects in the proposal 

referenced above have been reviewed by the Secretary, the Chair, and two members of the Human Subjects 

Committee. Your project is determined to be                                                                       and has been approved 

by an expedited review process. 

 

The Human Subjects Committee has not evaluated your proposal for scientific merit, except to weigh the risk to 

the human participants and the aspects of the proposal related to potential risk and benefit. This approval does 

not replace any departmental or other approvals, which may be required. 

 

If you submitted a proposed consent form with your application, the approved stamped consent form is attached 

to this approval notice.  Only the stamped version of the consent form may be used in recruiting research 

subjects. 

 

If the project has not been completed by                     you must request a renewal of approval for continuation of 

the project. As a courtesy, a renewal notice will be sent to you prior to your expiration date; however, it is your 

responsibility as the Principal Investigator to timely request renewal of your approval from the Committee. 

 

You are advised that any change in protocol for this project must be reviewed and approved by the Committee 

prior to implementation of the proposed change in the protocol.  A protocol change/amendment form is required 

to be submitted for approval by the Committee.  In addition, federal regulations require that the Principal 

Investigator promptly report, in writing any unanticipated problems or adverse events involving risks to 

research subjects or others.  

 

By copy of this memorandum, the chairman of your department and/or your major professor is reminded that 

he/she is responsible for being informed concerning research projects involving human subjects in the 

department, and should review protocols as often as needed to insure that the project is being conducted in 

compliance with our institution and with DHHS regulations. 

 

This institution has an Assurance on file with the Office for Human Research Protection. The Assurance 

Number is IRB00000446. 

 

Cc:            

HSC No.   

Ryan Best <best@psy.fsu.edu>

Psychology Department, 1107 West Call Street, Tallahassee, FL  32306

PSYCHOLOGY DEPARTMENT

Age related discounting of learning

Expedited per 45 CFR § 46.110(7)

03/01/2011

2010.3871

12/31/2010

Neil Charness <charness@psy.fsu.edu>, Advisor
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APPENDIX G 

 

FIRST IRB RE-APPROVAL LETTER 
 

 

  

  

 
Office of the Vice President For Research 

Human Subjects Committee 

P. O. Box 3062742 

Tallahassee, Florida 32306-2742 

 (850) 644-8673 · FAX (850) 644-4392 

 
RE-APPROVAL MEMORANDUM 

  

Date:  

 

To: 

 

Address: 

 

Dept.:   

 

From:       Thomas L. Jacobson, Chair   

 

Re:  Re-approval of Use of Human subjects in Research: 

             

 

 

Your request to continue the research project listed above involving human subjects has been approved 

by the Human Subjects Committee. If your project has not been completed by                      , you are 

must request renewed approval by the Committee.   

 

If you submitted a proposed consent form with your renewal request, the approved stamped consent 

form is attached to this re-approval notice.  Only the stamped version of the consent form may be used 

in recruiting of research subjects. You are reminded that any change in protocol for this project must 

be reviewed and approved by the Committee prior to implementation of the proposed change in the 

protocol.  A protocol change/amendment form is required to be submitted for approval by the 

Committee. In addition, federal regulations require that the Principal Investigator promptly report in 

writing, any unanticipated problems or adverse events involving risks to research subjects or others.  

 

By copy of this memorandum, the Chairman of your department and/or your major professor are 

reminded of their responsibility for being informed concerning research projects involving human 

subjects in their department.  They are advised to review the protocols as often as necessary to insure 

that the project is being conducted in compliance with our institution and with DHHS regulations. 

 

Cc:  

HSC No.  

12/10/2011

Ryan Best <best@psy.fsu.edu>

Psychology Department, 1107 West Call Street, Tallahassee, FL  32306

PSYCHOLOGY DEPARTMENT

Age related discounting of learning

02/08/2012

2011.5674
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APPENDIX H 

 

SECOND IRB RE-APPROVAL LETTER 
 

 

  

 
Office of the Vice President For Research 

Human Subjects Committee 

P. O. Box 3062742 

Tallahassee, Florida 32306-2742 

 (850) 644-8673 · FAX (850) 644-4392 

 
RE-APPROVAL MEMORANDUM 

  

Date:  

 

To: 

 

Address: 

 

Dept.:   

 

From:       Thomas L. Jacobson, Chair   

 

Re:  Re-approval of Use of Human subjects in Research: 

             

 

 

Your request to continue the research project listed above involving human subjects has been approved 

by the Human Subjects Committee. If your project has not been completed by                      , you are 

must request renewed approval by the Committee.   

 

If you submitted a proposed consent form with your renewal request, the approved stamped consent 

form is attached to this re-approval notice.  Only the stamped version of the consent form may be used 

in recruiting of research subjects. You are reminded that any change in protocol for this project must 

be reviewed and approved by the Committee prior to implementation of the proposed change in the 

protocol.  A protocol change/amendment form is required to be submitted for approval by the 

Committee. In addition, federal regulations require that the Principal Investigator promptly report in 

writing, any unanticipated problems or adverse events involving risks to research subjects or others.  

 

By copy of this memorandum, the Chairman of your department and/or your major professor are 

reminded of their responsibility for being informed concerning research projects involving human 

subjects in their department.  They are advised to review the protocols as often as necessary to insure 

that the project is being conducted in compliance with our institution and with DHHS regulations. 

 

Cc:  

HSC No.  

11/26/2012

Ryan Best <best@psy.fsu.edu>

Psychology Department, 1107 West Call Street, Tallahassee, FL  32306

PSYCHOLOGY DEPARTMENT

Age related discounting of learning

01/25/2013

2012.7606
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APPENDIX I 

 

THIRD IRB RE-APPROVAL LETTER 
 

 

  

 
Office of the Vice President For Research 

Human Subjects Committee 

P. O. Box 3062742 

Tallahassee, Florida 32306-2742 

 (850) 644-8673 · FAX (850) 644-4392 

 
RE-APPROVAL MEMORANDUM 

  

Date:  

 

To: 

 

Address: 

 

Dept.:   

 

From:       Thomas L. Jacobson, Chair   

 

Re:  Re-approval of Use of Human subjects in Research: 

             

 

 

Your request to continue the research project listed above involving human subjects has been approved 

by the Human Subjects Committee. If your project has not been completed by                      , you are 

must request renewed approval by the Committee.   

 

If you submitted a proposed consent form with your renewal request, the approved stamped consent 

form is attached to this re-approval notice.  Only the stamped version of the consent form may be used 

in recruiting of research subjects. You are reminded that any change in protocol for this project must 

be reviewed and approved by the Committee prior to implementation of the proposed change in the 

protocol.  A protocol change/amendment form is required to be submitted for approval by the 

Committee. In addition, federal regulations require that the Principal Investigator promptly report in 

writing, any unanticipated problems or adverse events involving risks to research subjects or others.  

 

By copy of this memorandum, the Chairman of your department and/or your major professor are 

reminded of their responsibility for being informed concerning research projects involving human 

subjects in their department.  They are advised to review the protocols as often as necessary to insure 

that the project is being conducted in compliance with our institution and with DHHS regulations. 

 

Cc:  

HSC No.  

10/14/2013

Ryan Best <best@psy.fsu.edu>

Psychology Department, 1107 West Call Street, Tallahassee, FL  32306

PSYCHOLOGY DEPARTMENT

Age related discounting of learning

12/13/2013

2012.9596
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APPENDIX J 

 

FOURTH IRB RE-APPROVAL LETTER 
 

 

 
Office of the Vice President For Research 

Human Subjects Committee 

P. O. Box 3062742 

Tallahassee, Florida 32306-2742 

 (850) 644-8673 · FAX (850) 644-4392 

 
RE-APPROVAL MEMORANDUM 

  

Date:  

 

To: 

 

Address: 

 

Dept.:   

 

From:       Thomas L. Jacobson, Chair   

 

Re:  Re-approval of Use of Human subjects in Research: 

             

 

 

Your request to continue the research project listed above involving human subjects has been approved 

by the Human Subjects Committee. If your project has not been completed by                      , you are 

must request renewed approval by the Committee.   

 

If you submitted a proposed consent form with your renewal request, the approved stamped consent 

form is attached to this re-approval notice.  Only the stamped version of the consent form may be used 

in recruiting of research subjects. You are reminded that any change in protocol for this project must 

be reviewed and approved by the Committee prior to implementation of the proposed change in the 

protocol.  A protocol change/amendment form is required to be submitted for approval by the 

Committee. In addition, federal regulations require that the Principal Investigator promptly report in 

writing, any unanticipated problems or adverse events involving risks to research subjects or others.  

 

By copy of this memorandum, the Chairman of your department and/or your major professor are 

reminded of their responsibility for being informed concerning research projects involving human 

subjects in their department.  They are advised to review the protocols as often as necessary to insure 

that the project is being conducted in compliance with our institution and with DHHS regulations. 

 

Cc:  

HSC No.  

10/02/2014

Ryan Best <best@psy.fsu.edu>

Psychology Department, 1107 West Call Street, Tallahassee, FL  32306

PSYCHOLOGY DEPARTMENT

Age related discounting of learning

12/01/2014

2013.11717
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APPENDIX K 

 

FINAL IRB RE-APPROVAL LETTER 
 

 
Office of the Vice President For Research 

Human Subjects Committee 

P. O. Box 3062742 

Tallahassee, Florida 32306-2742 

 (850) 644-8673 · FAX (850) 644-4392 

 
RE-APPROVAL MEMORANDUM 

  

Date:  

 

To: 

 

Address: 

 

Dept.:   

 

From:       Thomas L. Jacobson, Chair   

 

Re:  Re-approval of Use of Human subjects in Research: 

             

 

 

Your request to continue the research project listed above involving human subjects has been approved 

by the Human Subjects Committee. If your project has not been completed by                      , you are 

must request renewed approval by the Committee.   

 

If you submitted a proposed consent form with your renewal request, the approved stamped consent 

form is attached to this re-approval notice.  Only the stamped version of the consent form may be used 

in recruiting of research subjects. You are reminded that any change in protocol for this project must 

be reviewed and approved by the Committee prior to implementation of the proposed change in the 

protocol.  A protocol change/amendment form is required to be submitted for approval by the 

Committee. In addition, federal regulations require that the Principal Investigator promptly report in 

writing, any unanticipated problems or adverse events involving risks to research subjects or others.  

 

By copy of this memorandum, the Chairman of your department and/or your major professor are 

reminded of their responsibility for being informed concerning research projects involving human 

subjects in their department.  They are advised to review the protocols as often as necessary to insure 

that the project is being conducted in compliance with our institution and with DHHS regulations. 

 

Cc:  

HSC No.  

07/22/2015

Ryan Best <best@psy.fsu.edu>

Psychology Department, 1107 West Call Street, Tallahassee, FL  32306

PSYCHOLOGY DEPARTMENT

Age related discounting of learning

10/20/2015

2014.13955
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APPENDIX L 

 
ONLINE PARTICIPANT INFORMED CONSENT FORM 

 

 

 

 

FSU Human Subjects Committee approved on 1/8/2015. Void after 10/20/2015. 

HSC # 2015.14564 

INFORMED CONSENT FORM 

Older Adult 

 
 
 
 
       Date:_________________________ 
 
I freely and voluntarily consent to be a participant in the research project entitled  

technology Dr. Neil Charness will be the principal investigator and Ryan Best will 
be the research assistant.  
 
This project seeks to understand how individuals attribute value to learning and technology. I understand that 
this project is questionnaire based and is in the form of hypothetical choices involving delays, monetary 
rewards, technology, and learning related to technology. Questions will be administered and answered using a 
computer. I understand that there are no inherent risks in completing these tasks, and that the inherent benefits 
are for better understanding of technology use.  
 
I understand that the records of this research will be given a code so that no one except the investigators and 
their designated assistants will have access to the data, and that no identifiable data will be used for publication.  
In addition, the records of this research, including performance and any audio files of verbal protocols (think 
aloud information), will be kept confidential to the extent allowed by law.  All of the responses collected in this 
project will be retained at the FSU Department of Psychology, and destroyed within ten years (no later than 
December 31, 2023). I understand I will be given one dollar ($1) for participation in this project.  
 
This consent may be withdrawn at any time without consequence.  I have been given the right to ask and have 
answered any inquiry concerning the foregoing.  Questions, if any, have been answered to my satisfaction.  I 
understand that I may contact Dr. Neil Charness, Department of Psychology, Florida State University, 
Tallahassee, FL  32306, phone: (850) 644-6686, for answers to pertinent questions about this research.  I have 
read and I understand, the foregoing. 
 
If I have questions about my rights as a subject/participant in this research, or if I feel that I have been placed at 
risk, I can contact the Chair of the Human Subjects Committee, Institutional Review Board, through the Office 
of the Vice President for Research at (850) 644-7900. 
     

____________________________________ 
                     Signature of Research Participant 

____________________________________      
   Printed Name 
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APPENDIX M 
 

YOUNGER ADULT VERBAL PROTOCOL 

INFORMED CONSENT FORM 
 

 

 

FSU Human Subjects Committee approved on 4/7/2015. Void after 10/20/2015. HSC # 2015.14564 

INFORMED CONSENT FORM 

Younger Adult 
 

 

 

 

       Date:_________________________ 

 

I freely and voluntarily consent to be a participant in the research project entitled  

technology Dr. Neil Charness will be the principal investigator and Ryan Best will 

be the research assistant.  

 

This project seeks to understand how individuals attribute value to learning and technology. I understand that 

this project is questionnaire based and is in the form of hypothetical choices involving delays, monetary 

rewards, technology, and learning related to technology. Questions will be administered and answered using a 

computer. During the decision-making task on the computer, I understand that think aloud information (e.g. 

speaking my thoughts aloud while I perform) may be audio recorded. I understand that there are no inherent 

risks in completing these tasks, and that the inherent benefits are for better understanding of technology use.  

 

I understand that the records of this research will be given a code so that no one except the investigators and 

their designated assistants will have access to the data, and that no identifiable data will be used for publication.  

In addition, the records of this research, including performance and any audio files of verbal protocols (think 

aloud information), will be kept confidential to the extent allowed by law.  All of the responses collected in this 

project will be retained at the FSU Department of Psychology, and destroyed within ten years (no later than 

December 31, 2023). I understand I will be given 1 course credit for participation in this one-hour project and 

will receive this credit in the event that the experiment cannot be completed. The session will last approximately 

60 minutes. 

 

This consent may be withdrawn at any time without consequence.  I have been given the right to ask and have 

answered any inquiry concerning the foregoing.  Questions, if any, have been answered to my satisfaction.  I 

understand that I may contact Dr. Neil Charness, Department of Psychology, Florida State University, 

Tallahassee, FL  32306, phone: (850) 644-6686, for answers to pertinent questions about this research.  I have 

read and I understand, the foregoing. 

 

If I have questions about my rights as a subject/participant in this research, or if I feel that I have been placed at 

risk, I can contact the Chair of the Human Subjects Committee, Institutional Review Board, through the Office 

of the Vice President for Research at (850) 644-7900. 

     

____________________________________ 

                     Signature of Research Participant 

 

____________________________________      

   Printed Name 
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APPENDIX N 

 
OLDER ADULT VERBAL PROTOCOL 

INFORMED CONSENT FORM 

 

 

 

FSU Human Subjects Committee approved on 4/7/2015. Void after 10/20/2015. HSC # 2015.14564 

INFORMED CONSENT FORM 

Older Adult 

 
 
 
 
       Date:_________________________ 
 
I freely and voluntarily consent to be a participant in the research project entitled  

technology Dr. Neil Charness will be the principal investigator and Ryan Best will 
be the research assistant.  
 
This project seeks to understand how individuals attribute value to learning and technology. I understand that 
this project is questionnaire based and is in the form of hypothetical choices involving delays, monetary 
rewards, technology, and learning related to technology. Questions will be administered and answered using a 
computer. During the decision-making task on the computer, I understand that think aloud information (e.g. 
speaking my thoughts aloud while I perform) may be audio recorded. I understand that there are no inherent 
risks in completing these tasks, and that the inherent benefits are for better understanding of technology use.  
 
I understand that the records of this research will be given a code so that no one except the investigators and 
their designated assistants will have access to the data, and that no identifiable data will be used for publication.  
In addition, the records of this research, including performance and any audio files of verbal protocols (think 
aloud information), will be kept confidential to the extent allowed by law.  All of the responses collected in this 
project will be retained at the FSU Department of Psychology, and destroyed within ten years (no later than 
December 31, 2023). I understand I will be given ten dollars ($10) for participation in this one-hour project and 
will receive five dollars ($5) in the event that the experiment cannot be completed. The session will last 
approximately 60 minutes. 
 
This consent may be withdrawn at any time without consequence.  I have been given the right to ask and have 
answered any inquiry concerning the foregoing.  Questions, if any, have been answered to my satisfaction.  I 
understand that I may contact Dr. Neil Charness, Department of Psychology, Florida State University, 
Tallahassee, FL  32306, phone: (850) 644-6686, for answers to pertinent questions about this research.  I have 
read and I understand, the foregoing. 
 
If I have questions about my rights as a subject/participant in this research, or if I feel that I have been placed at 
risk, I can contact the Chair of the Human Subjects Committee, Institutional Review Board, through the Office 
of the Vice President for Research at (850) 644-7900. 
     

____________________________________ 
                     Signature of Research Participant 
 

____________________________________      
   Printed Name 
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APPENDIX O 

 
YOUNGER ADULT INFORMED CONSENT FORM 

 

 

 

 

FSU Human Subjects Committee approved on 11/12/2015. Void after 11/10/2016. 
HSC # 2015.16855 

INFORMED CONSENT FORM 

Younger Adult 

 

 

 

 

       Date:_________________________ 

 

I freely and voluntarily consent to be a participant in the research project entitled  

Ryan Best will be the principal investigator advised by Dr. Neil 

Charness of the Psychology Department.  

 

This project seeks to understand how individuals attribute value to learning and technology. I understand that 

this project is questionnaire based and is in the form of hypothetical choices involving delays, monetary 

rewards, technology, and learning related to technology. Questions will be administered and answered using a 

computer. I understand that there are no inherent risks in completing these tasks.  

 

I understand that the records of this research will be given a code so that no one except the investigators and 

their designated assistants will have access to the data, and that no identifiable data will be used for publication.  

In addition, the records of this research will be kept confidential to the extent allowed by law.  All of the 

responses collected in this project will be retained at the FSU Department of Psychology, and destroyed within 

ten years (no later than December 31, 2025). I understand I will be given 1/2 course credit for participation in 

this half-hour project and will receive this credit in the event that the experiment cannot be completed. The 

session will last approximately 30 minutes. 

 

This consent may be withdrawn at any time without consequence.  I have been given the right to ask and have 

answered any inquiry concerning the foregoing.  Questions, if any, have been answered to my satisfaction.  I 

understand that I may contact Dr. Neil Charness, Department of Psychology, Florida State University, 

Tallahassee, FL  32306, phone: (850) 644-6686, for answers to pertinent questions about this research.  I have 

read and I understand, the foregoing. 

 

If I have questions about my rights as a subject/participant in this research, or if I feel that I have been placed at 

risk, I can contact the Chair of the Human Subjects Committee, Institutional Review Board, through the Office 

of the Vice President for Research at (850) 644-7900. 

     

____________________________________ 

                     Signature of Research Participant 

 

____________________________________      

   Printed Name 
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APPENDIX P 

 
OLDER ADULT INFORMED CONSENT FORM 

 

 

 

 

FSU Human Subjects Committee approved on 11/12/2015. Void after 11/10/2016. 
HSC # 2015.16855 

 

INFORMED CONSENT FORM 

Older Adult 

 
 
 
 
       Date:_________________________ 
 
I freely and voluntarily consent to be a participant in the research project entitled  

technology Ryan Best will be the principal investigator advised by Dr. Neil 
Charness of the Psychology Department.  
 
This project seeks to understand how individuals attribute value to learning and technology. I understand that 
this project is questionnaire based and is in the form of hypothetical choices involving delays, monetary 
rewards, technology, and learning related to technology. Questions will be administered and answered using a 
computer. I understand that there are no inherent risks in completing these tasks.  
 
I understand that the records of this research will be given a code so that no one except the investigators and 
their designated assistants will have access to the data, and that no identifiable data will be used for publication.  
In addition, the records of this research will be kept confidential to the extent allowed by law.  All of the 
responses collected in this project will be retained at the FSU Department of Psychology, and destroyed within 
ten years (no later than December 31, 2025). I understand I will be given five dollars ($5) for participation in 
this half-hour project and will full compensation in the event that the experiment cannot be completed. The 
session will last approximately 30 minutes. 
 
This consent may be withdrawn at any time without consequence.  I have been given the right to ask and have 
answered any inquiry concerning the foregoing.  Questions, if any, have been answered to my satisfaction.  I 
understand that I may contact Dr. Neil Charness, Department of Psychology, Florida State University, 
Tallahassee, FL  32306, phone: (850) 644-6686, for answers to pertinent questions about this research.  I have 
read and I understand, the foregoing. 
 
If I have questions about my rights as a subject/participant in this research, or if I feel that I have been placed at 
risk, I can contact the Chair of the Human Subjects Committee, Institutional Review Board, through the Office 
of the Vice President for Research at (850) 644-7900. 
     

____________________________________ 
                     Signature of Research Participant 
 

____________________________________      
   Printed Name 
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