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Abstract

Psychological research on aging typically characterizes it as a period of decline.
Numerous studies have reported age-related deficits in episodic memory, sensory
perception, and fluid intelligence. These reports only add to society’s negative views of
aging, which inevitably have a detrimental impact on older adults’ cognition, health, and
general well-being. However, there are several other domains of cognition that remain
stable or improve during healthy aging. For example, emotional functioning increases
with age: older adults can better regulate their emotions and resist their desires compared
to younger adults. Older adults are also more skilled at solving interpersonal problems
and display intact implicit and procedural memory. This dissertation highlights two other
areas that show improvement with age (i.e., decision making and knowledge) and
considers how we can use these positive aspects to offset the negative aspects of aging.

Chapter 2 investigates heuristic decision making. While some work suggests that
older adults are more reliant on these shortcuts, there is little evidence to support this
claim. To clarify this issue, participants from across the adult lifespan solved decision
scenarios that tapped each of the following classic heuristics: anchoring, availability,
recognition, representativeness, and sunk cost fallacy. Chapter 3 further explores
knowledge. While the literature confirms that knowledge increases across the lifespan, it
is unclear 1) if people are generally aware of this increase and 2) whether they hold
expectations about the scope of younger vs. older adults' knowledge. To address these

questions, younger and older participants predicted the knowledge of hypothetical
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younger and older adults. Chapter 4 focuses on application. While many studies have
demonstrated that negative aging stereotypes negatively impact older adults’ memory
performance, research on positive aging stereotypes’ influence is still inconclusive. In
order to address this gap, older participants demonstrated their memory performance
before and after viewing a neutral intervention or positive stereotype intervention about
their knowledge advantage.

Altogether, I find that older adults continue to use cognitively efficient decision
strategies; they are not more reliant on classic heuristics and use them to the same degree
as younger adults. Furthermore, I demonstrate that adults of all ages recognize that older
individuals have a knowledge advantage over younger individuals, regardless of the
difficulty of the information. Critically, if older adults are reminded of this advantage,
they remember more words during a memory test. Taken together, this body of work
sheds light on the cognitive improvements that accompany healthy aging and considers
ways to leverage these positive aspects, with the goal of offsetting age-related deficits

and promoting positive self-perceptions of aging.
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Chapter 1: Introduction

The Silver Tsunami. The Gray Wave. The Aging Revolution. These are terms that
have been coined in recent years due to the rapid increase of the aging population. Life
expectancy has risen dramatically in the past century due to improvements in living
standards and medical interventions (Sugar et al., 2014). Consequently, older adults are
remaining active members of society for longer periods of time and this trend shows no
signs of stopping any time soon. In 2016, those aged 65 and older consisted of 8.5% of
the world’s population (617 million people). That percentage is expected to double to
17% by 2050 (1.6 billion people; Cire, 2016). As people aim to maintain productive lives
as they grow older, it is vital that we study the cognitive changes that accompany healthy
aging in order to understand and support the needs of older individuals.

A large majority of cognitive aging research focuses on the negative aspects of
getting older. One of the most notable impairments in healthy aging is a decline in
episodic memory. This type of memory involves the encoding and retrieval of personal
experiences and their temporal/spatial contexts (e.g., the name of a colleague, where you
parked the car; Tulving, 1972). Older adults often have trouble remembering the source
of stored information and retrieving event specifics in a rich and detailed way (Tromp et
al., 2015). Sensory perception also declines in healthy aging. For example, auditory
acuity begins to decrease after age 30, eventually leading to hearing loss and deficits in
speech discrimination and sound localization in advanced age (Murman, 2015).
Impairments such as these may require an older adult to devote more effort into

interpreting sensory input, which leaves fewer cognitive resources available for the task
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at hand (Mather, 2010). Finally, fluid intelligence, or the basic processes involved in
reasoning about a situation, decreases across the adult lifespan (Craik & Bialystok, 2006).
There are several components that contribute to fluid intelligence; mainly, working
memory, processing speed, and inhibitory function (Baltes et al., 1999). As one gets
older, it becomes more difficult to manipulate and integrate new information, process
information efficiently and effectively, and inhibit the learning of task irrelevant
information (Tromp et al., 2015). These cognitive declines have been linked to age-
related declines in white matter integrity. White matter consists of the myelinated axons
that connect different regions of the brain. When white matter starts to break down, it
leads to slower, less efficient communication between neurons, which ultimately
diminishes cognitive functioning (Mather, 2010).

While these deficits are important to investigate, they pervade the psychological
literature and influence how society views older adults. Ageism, or prejudice against
someone based on their age, is prevalent in our society (Nelson, 2016). Many hold
negative opinions of older adults and believe they are cranky, forgetful, and incompetent
(Cuddy & Fiske, 2002; Ng et al., 2015). These societal views inevitably have a negative
impact on older adults’ cognition, health, and general well-being. Stereotype threat, an
effect that arises when an individual feels they will confirm a negative stereotype about
their group and consequently underperforms on a stereotype-related task, is a well-
documented issue in older adulthood (Lamont et al., 2015). It generally results in older
adults performing worse on cognitive tests (Hess et al., 2003), demonstrating less

physical ability (Barber et al., 2020), and displaying stronger cardiovascular reactivity
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(e.g., increase in blood pressure; Weiss, 2018). Despite the negative picture painted by
the cognitive aging literature and societal age stereotypes, aging is not solely a period of
decline and deterioration. There are several capabilities that remain stable or improve in
older adulthood. This dissertation will attempt to change this narrative by highlighting

some of the positive aspects of healthy aging.

1.1 Emotional Functioning

Despite the various physical, mental, and social losses people face across the
lifespan, emotional functioning is maintained and even improved in older adulthood. In
terms of maintenance, older adults and younger adults experience emotions with the same
intensity according to self-reports (Carstensen, Mikels & Mather, 2006) and are equally
likely to attend to and remember emotionally arousing stimuli (Knight et al., 2007). In
terms of improvement, older adults are better at emotion regulation (Gross et al., 1997,
Burr et al., 2021), experience longer durations of positive affect and shorter durations of
negative affect (Charles & Carstensen, 2010), display less disgust and anger (Kunzmann
et al., 2005; Lawton et al., 1993), and report increased life satisfaction (until around age
80, Mroczek & Spiro, 2005). These results are not confined to the lab; in a recent study,
researchers texted adults three times a day for ten days in order to assess current
emotional states. They found that older adults were more emotionally stable and better
able to resist and regulate their desires in everyday life (Burr et al., 2021).

Relatedly, older adults tend to prefer positive information (positivity effect;
Mikels et al., 2015). For example, older adults remember a higher proportion of positive

emotional material relative to negative (Charles et al., 2003) and they attribute more
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positive features and less negative features to the options they choose (choice supportive
memory, Mather & Johnson, 2000). These findings are best explained by the
Socioemotional Selectivity Theory (SST), which contends that motivational priorities
shift across the lifespan according to future time horizons. When individuals view their
futures as open-ended (i.e., young adulthood), they tend to prioritize future-oriented goals
like acquiring information and meeting new people. However, when individuals view
their time horizons as narrow (i.e., older adulthood), they tend to prioritize present-
focused goals related to satisfaction and emotion regulation (Carstensen, 2006). In the
case of older adults, these age-related shifts in priorities ultimately alter information
processing such that attention and memory is focused toward goal-congruent material
(positive information) and away from goal-incongruent material (negative information,
Reed et al., 2014). This shift in motivational priorities and the relative maintenance of
emotion-related neural systems (e.g., amygdala) across the lifespan most likely contribute

to improved emotional functioning in older adulthood (Mather, 2010).

1.2 Interpersonal Relations

Older adults are especially skilled at solving interpersonal problems between
friends, family members, and co-workers. Blanchard-Fields and colleagues (2007)
investigated age-differences in strategy preference and effectiveness in solving
instrumental (i.e., self-concerning) and interpersonal (i.e., other-concerning) problems.
Scenarios were taken from the Everyday Problem Solving Inventory (Cornelius & Capsi,
1987). Instrumental problems included dealing with household chores and learning how

to operate a new machine at work, while interpersonal problems involved arguing with a
4



family member over an important topic and competing with a friend from work for a
better job. They found that older adults preferred to use passive emotion-focused
strategies (e.g., withdrawing from the situation, suppressing emotions) while dealing with
interpersonal problems and proactive problem-focused strategies (e.g., taking direct
action, logical analysis of the situation) while handling instrumental problems. Critically,
older adults’ strategy preferences, especially those involving interpersonal problems,
were rated as more effective than younger adults’ preferences according to a panel of
external judges (e.g., women and men who ranged from 24 to 72 years old). While the
authors note proactive strategies are typically more effective for solving problems in
general, older adults’ preference for emotion-focused strategies may buffer them from
intense emotional reactions to the situation. Consequently, maintaining an even level of
arousal is a key component of solving interpersonal problems effectively (Blanchard-
Fields et al., 2007).

Grossman and colleagues (2010) provided further evidence of older adults’
improved social reasoning capabilities. The researchers used a more naturalistic
approach; participants read context-rich scenarios involving intergroup and interpersonal
conflict and then gave their opinions on the situation in a structured interview with the
experimenter. Intergroup scenarios included newspaper articles about fictitious conflicts
between groups in unfamiliar countries (e.g., Tajikistan), while interpersonal scenarios
included “Dear Abby” letters concerning disagreements between sibling, spouses, and
friends. Participant responses were anonymized and blind coders rated them on various

measures of social reasoning (e.g., perspective-shifting, willingness to compromise). The
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results found that compared to younger and middle-aged adults, older adults scored
significantly higher on the social reasoning measures. The effect of age remained
significant even after controlling for socioeconomic status and education. These studies
demonstrate that older adults, likely aided by their improved emotional functioning or
years of socioemotional experience, are capable mediators of interpersonal problems and

conflict.

1.3 Decision Making

Older adults are experienced decision makers. While they show deficits in certain
decision making tasks—usually those that rely on fluid intelligence (like correctly
applying designated decision strategies when choosing between alternatives)—older
adults often show improvements in others, sometimes outperforming younger adults. For
example, older individuals make the same decision regardless of the presence of
extraneous alternatives in a task (attraction effect; Kim & Hasher, 2005). The attraction
effect refers to an inferior product’s ability to increase the attractiveness of another
alternative when it is added to a set of options (Ratneshwar et al., 1987). In one study,
younger and older adults were given two-choice and three-choice versions of grocery
shopping and extra credit problems. Domain-specific familiarity was assessed; older
adults were more familiar with grocery shopping and younger adults were more familiar
with extra credit. Younger adults showed the attraction effect on the grocery shopping
problem; they behaved inconsistently and chose different options on different versions of

the task (i.e., chose Option B 50% of the time in the two-choice version and 77% of the



time in the three-choice version). On the other hand, older adults behaved consistently
and chose similar options regardless of version or problem type (Kim & Hasher, 2005).

Older adults also make better financial decisions. Eberhardt and colleagues (2019)
surveyed over 900 individuals and found age-related improvements in several financial
decision making measures. Older age is associated with greater resistance to sunk costs
(e.g., more likely to cancel unrewarding plans after spending/money time on them), better
performance on credit card repayment tasks, and improvements in money management
and financial decision outcomes (e.g., fewer instances of foreclosure, bounced checks,
high credit card debt, etc.). These findings were related to older adults’ greater
experience-based knowledge; those that indicated having more experience with loans,
saving accounts, pension plans, etc. were more likely to demonstrate improved financial
decision making.

Finally, older individuals can make sound decisions with less deliberation than
younger adults (Mata & Nunes, 2010). In a car purchasing task, participants could look
up information about several of the options’ attributes (e.g., fuel economy, comfort,
safety). Although there were equivalent outcomes (i.e., car choice and time spent to make
decision) between younger and older adults, the latter group looked up less information
and reviewed fewer pieces of evidence before making their decision (Johnson, 1990). In
the medical domain, older adults have been shown to make more immediate treatment
decisions compared to younger adults. Meyer and colleagues (2007) asked participants to
imagine they were in a breast cancer scenario and had to decide whether to choose one of

six treatment options immediately or delay their decision. They found that older adults
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were more likely to make immediate treatment decisions (69%) than younger adults
(37%). These results were related to how much prior knowledge and experience
participants had with breast cancer.

These studies highlight the diversity of experience older adults possess, especially
in comparison to their younger counterparts. This experience allows older adults to apply
prior strategies and schemas to a variety of situations in order to make efficient and

effective decisions.

1.4 Knowledge

In contrast to fluid intelligence, crystallized intelligence increases across the
lifespan until about age 70 and then plateaus (Craik & Bialystok, 2006; Li et al., 2013).

This type of intelligence encompasses the accumulated knowledge one gains about the

world through socialization, experience, and education (Chen et al., 2017; Baltes et al.,
1999). It is typically evaluated in a lab setting with vocabulary and general knowledge
measures (e.g., Shipley Vocabulary, Weschler Adult Intelligence Scale; Strough &
Bruine de Bruin, 2020). This accumulated knowledge manifests in a variety of ways and
contributes to several improved or maintained capabilities in older adulthood.

For example, older adults’ verbal knowledge is generally resistant to age-related
declines. A meta-analysis of over 200 articles found that vocabulary performance
improves from younger to older adulthood (Verhaeghen, 2003). These results remain
stable regardless of whether the tests involve production (i.e., providing the definition of
a word) or multiple choice (i.e., choosing the correct synonym/description of a word from

a list of alternatives). Researchers believe older adults’ everyday experience reinforces
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previously learned words in different contexts, which ultimately enhances their memory
traces and strengthens older adults’ semantic network (Ben-David et al., 2015).

Implicit memory is also maintained in older adulthood. Cross-sectional and
longitudinal studies have found that age is not related priming (Fleischman et al., 2004).
For example, in a lexical decision task, both younger and older adults respond “yes” more
quickly when the related word “knife” follows the prime sentence “The cook cut the
meat” instead of the unrelated word “key” (Burke & Yee, 1994). Relatedly, procedural
memory remains intact as one gets older. For instance, older adults retain the skills
necessary to ride a bike, tie one’s shoes, or play an instrument as they age (Krampe &
Ericsson, 1996). Implicit/procedural memory is unconscious and thus relies on prior
learning (Roediger, 1990); the experience accrued across the lifespan in tasks such as

these ensures their long-term maintenance in older adulthood.

1.5 Significance and Dissertation Overview

These positive aspects of healthy aging are crucial for functioning in today’s
society. Possessing the knowledge and experience to make informed financial decisions
and effectively handle interpersonal problems goes a long way in ensuring a fulfilling
future for an individual and their loved ones. Yet, these qualities are typically
overshadowed in the literature by the negative aspects of aging. Part of the issue may be
the publishing bias—null results are not favored by top journals. Thus, they are often
consigned to the “file drawer” and are less likely to be shared with the broader
community (Franco et al., 2014). However, null results of aging (i.e., no differences

between younger and older adults) are important for two main reasons. First, they reveal
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a preserved aspect of cognition that can help inform interventions for older adults.
Second, they contribute to positive aging stereotypes. Broader knowledge of the abilities
that are maintained or improved in older adulthood can enhance older adults’ perception
of themselves. Critically, this enhanced self-perception has been linked to older adults
practicing more preventative health behaviors (i.e., eating a balanced diet, exercising;
Levy & Meyers, 2004) and recovering faster from disease (Levy et al., 2006). Thus, the
cognitive aging literature should make a stronger effort to highlight the positive aspects
of healthy aging.

The remainder of this dissertation will delve deeper into certain positive aspects
of older adulthood. Chapter 2 takes a closer look at decision making. While some have
suggested that older adults are more reliant on heuristics (Peters et al., 2000), it is unclear
if older adults use classic heuristics like anchoring and availability more often than
younger adults. To answer this question, participants from across the adult lifespan
solved decision scenarios that tapped each of the following heuristics: anchoring,
availability, recognition, representativeness, and sunk cost fallacy. Chapter 3 further
explores knowledge. While the literature confirms that knowledge increases across the
lifespan, it is unclear 1) if people are generally aware of this increase and 2) whether they
hold expectations about the scope of younger vs. older adults' knowledge. To address this
issue, younger and older participants predicted the knowledge of hypothetical younger
and older adults. Additionally, I explored metacognitive theories and investigated
whether people use cues other than their own knowledge to estimate the knowledge of

others. Finally, Chapter 4 focuses on application. Many studies have demonstrated that
10



negative aging stereotypes negatively impact older adults’ memory performance (e.g.,
Lamont et al., 2015). Yet, research on positive aging stereotypes’ influence is
inconclusive (Fernandez-Ballesteros et al., 2015; Hess et al., 2003). In order to address
this gap, older participants demonstrated their memory performance before and after
viewing a neutral intervention (i.e., explanation of yawning) or positive stereotype
intervention (i.e., explanation of the older adult knowledge advantage). Taken together,
this body of work sheds light on the cognitive improvements that accompany healthy
aging and considers ways to leverage these positive aspects, with the goal of offsetting

age-related deficits and promoting positive self-perceptions of aging.

11



Chapter 2: Heuristic Decision Making Across Adulthood
2.1 Introduction

Younger and older adults alike make many decisions on a daily basis. Some
decisions (e.g., what to eat for breakfast, what to wear to work) are simple and require
minimal effort, while others (e.g., where to invest your money, which medication to take)
are more complex and tap into numerous cognitive resources. In the face of the aging
population (Cire, 2016), researchers have begun to more closely examine how older
adults make decisions, especially as they relate to the preservation or decline of various
cognitive resources across adulthood (e.g., Finucane et al., 2002; Mata et al., 2015;
Strough et al., 2011a; Strough et al., 2020). Much of this work has focused on older
adults’ use of simpler strategies or heuristic processing in general, but less published
work has examined older adults’ usage of classic heuristics (e.g., anchoring, availability),
which younger adults often rely on to make decisions. Here, we investigate whether there
are age-related differences in the use of four classic heuristics: anchoring, availability,
recognition, and representativeness.

How can the existing literature on aging and decision making inform whether
there are adult age differences in classic heuristic use? In general, older adults’ use of
simpler decision strategies is well documented. In a meta-analysis, Mata and Nunes
(2010) found that compared to younger adults, older adults search for less information
before making decisions. Older adults also favor smaller sets of options (Reed et al.,
2008; Reed et al., 2013) and prefer to consider one important attribute (take-the-best)

instead of several (weighted additive rule) when choosing between alternatives (Mata,
12



2007). These instances all reflect older adults’ tendency to engage in satisficing behavior
(Bruine de Bruin et al., 2016); they choose the option that is “good enough” for their
purposes and not necessarily “the best” with respect to maximizing.

Researchers have proposed several explanations for why older adults rely on
simpler strategies when making decisions. First, consistent with the theory of bounded
rationality (Simon, 1990), older adults’ declining fluid intelligence may leave them with
fewer cognitive resources, making less-demanding strategies appealing (Finucane et al.,
2005). Supporting this idea, one study found that lower fluid cognitive ability mediated
older adults’ poorer performance on a battery of decision making tasks (Adult Decision
Making Competence (A-DMC); Bruine de Bruin et al., 2012). Subsequent studies have
documented associations between specific fluid and crystalized cognitive abilities and
age-related differences in decision making (for a review, see Strough et al., 2020).
Second, most laboratory decision making tasks are hypothetical and the choices made are
often not meaningful outside of the lab; older adults may not be motivated to expend
effort on these tasks because they are less relevant to their personal goals (Hess et al.,
2013). On a more positive note, older adults have more knowledge and life experience,
allowing them to adaptively adjust their decision making strategies based on the context
or environment (Queen et al., 2012; Mata, 2007).

Here, we make a distinction between using simplified strategies due to reductions
in cognitive resources and using specific heuristics because they are cognitively efficient.
Broadly, a heuristic is defined as ““a strategy that ignores part of the information, with the

goal of making decisions more quickly, frugally, and/or accurately than more complex
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methods” (Gigerenzer & Gaissmaier, 2011, p. 454). Classic work has highlighted many
common heuristics and detailed how they may lead to biased and systematic errors (e.g.,
Tversky & Kahneman, 1974). Yet, more recent work contends that despite their
occasional faults, heuristics can lead to more accurate inferences under uncertainty than
more complicated strategies (Neth & Gigerenzer, 2015). Heuristics have developed and
are continually used because they are simple, quick, and often yield accurate answers.
Some research has focused on the development of such heuristics, examining differences
in heuristic use in children and adolescents as compared to college-aged adults (e.g.,
Jacobs & Potenza, 1991; Jetter & Walker, 2020; Guerten et al., 2015). In contrast, there is
a dearth of research on older adults’ use of many of the classic heuristics outlined by
Tversky and Kahneman (1974), even though adulthood provides many opportunities for
individuals to learn that heuristics offer efficient ways to make good choices. As such, we
predict that many common heuristics are implemented equally across the adult lifespan.

In this study, we examined the heuristics of anchoring, availability, recognition,
and representativeness. We selected these heuristics because they are well known in the
literature, remain highly cited (e.g., in 2021 there were 1,142 publications that cited
Tversky & Kahneman, 1974), and have few to no empirical studies conducted with older
adults. In the anchoring heuristic, people make estimates by starting from an initial value
and adjusting to the final answer. Different starting points garner different estimates,
which are biased toward the initial values (e.g., participants’ estimates of the percentage
of African countries in the United Nations (25% vs. 45%) differed based on the initial

value they were given (10% vs. 65%); Tversky & Kahneman, 1974). Availability is used
14



when the frequency or probability of an event is judged by the ease with which an
example comes to mind (e.g., incorrectly estimating there are more R words in the
English language because it is easier to recall words beginning with the letter R than
words with R as their third letter; Tversky & Kahneman, 1974). In recognition, if one of
two alternatives is recognized and the other is not, then one can infer that the recognized
alternative has the higher value with respect to the criterion (e.g., incorrectly estimating
that Minneapolis, MN has a higher population than Mesa, AZ because Minneapolis is the
more familiar city; Pachur et al., 2009). Finally, representativeness involves evaluating
the probability that something is true based on the degree to which one thing resembles
another (e.g., assuming it is more likely that Steve, a shy, withdrawn man with a passion
for detail, is a librarian instead of a salesman or physician; Tversky & Kahneman, 1974).

For comparison purposes, we also examined the sunk cost fallacy, a bias where
there are known adult age differences. People are said to be susceptible to the sunk cost
fallacy when they continue a behavior or action because of their previously invested
resources (i.e., time, money, effort), even if the behavior or action is no longer rewarding
(e.g., continuing to watch a movie you dislike because you already paid for the ticket;
Arkes & Blumer, 1985). Studies have shown that older adults, perhaps due to their
decreased time horizons, greater life experience, or improved emotion regulation, are less
susceptible to the sunk cost fallacy than younger adults (e.g., Strough et al., 2008;
Strough et al., 2014; Bruine de Bruin et al., 2014).

To our knowledge, there is only one study on adult age differences in the

availability heuristic (Maley et al., 2000), two studies on adult age differences in the
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recognition heuristic (Pachur et al., 2009), and no existing studies on adult age
differences in either the anchoring heuristic or representativeness heuristic. None of these
studies found age differences between younger and older adults, but their sample sizes
were small (n = 18 per age group in Maley et al., 2000; an average of 50 per age group in
Pachur et al., 2009). Of course, there may be many unpublished studies that examine
adult age differences in heuristics; studies showing null effects are much more likely to
be relegated to the file drawer. Yet, null effects of aging are not uninteresting, as it is
important to understand what abilities are spared with age (Lakens et al., 2020;
Isaacowitz, 2020). Null results in this case would suggest that heuristic use is preserved
as one gets older. Such results would be consistent with findings that crystallized
intelligence, or the accumulated knowledge one gains about the world through
socialization, experience, and education, increases and stabilizes across the lifespan
(Craik & Bialystok, 2006) and contributes to the preservation and/or improvement in
decision making with age (Samanez-Larkin & Knutson, 2015). However, more research
is needed to corroborate this hypothesis.

In the present study, a sample of over 300 participants aged 20 to 90 completed a
series of tasks to clarify potential similarities or differences in heuristic use across
adulthood. Heuristic use is automatic and widespread among younger adults—even
among experts (e.g., Brannon & Carson, 2003; Englich et al., 2006)—leading us to
predict that older adults should be at least as likely as younger adults to rely on heuristics.
Given the few existing studies that found null age effects and the lack of specific

theoretical predictions for increased reliance with age, we hypothesized that we would
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not find any age differences across adulthood in the use of anchoring, availability,
recognition, and representativeness. To preview, we found support for our hypothesis —
we found no evidence for adult age differences in the use of these classic heuristics. In
contrast (and consistent with previous literature), we found age differences in the sunk

cost fallacy; younger adults were more susceptible to this bias than older adults.

2.2 Method
2.2.1 Participants

Three hundred and eight participants (Mage = 54.20, SD = 18.99, range = 20-90,
166 female, 42.8% White, 29.2% African American, 28% Hispanic/Latinx) were
recruited through Qualtrics Panels. We under sampled White participants and over
sampled African American and Hispanic/Latinx participants in order to address historical
exclusions of the latter populations in cognitive aging research and increase the
generalizability of our findings. All participants were included in the analysis. Our
sample size was calculated in G*Power to be able to identify small main effects of age (f°
=.03) with 0.85 power using an a of .05. This effect size was based on previous studies
that found age-related differences in the sunk cost bias (e.g., Bruine de Bruin et al., 2014;
Strough et al., 2008; Strough et al., 2016). This study was approved by the Duke
University Health System Institutional Review Board (Protocol # Pro00101720: Online

Studies on Decision Making Across the Lifespan).
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Table 1: Participant Demographics

Age is grouped into four categories below but is treated as continuous in
analysis. Only the oldest age group (80-90) significantly differs from the others in
gender, ethnicity, and years of education; these demographics are equivalent in all
other age groups.

Ages 20-39 Ages 40-59 Ages 60-79 Age 80-90
Number of 87 88 87 46
participants
Average Age (SD) 31.02 (5.21) 48.83 (5.95) 67.55 (4.64) 83.02 (2.98)
Number 57130 58130 4740 4142

female | male

% White | African 35% | 32% | 33% 34% |32%|34% 35%|33%|32% 91%|7% |2%
American | Latinx

Average Years of 14.55 (2.02) 14.25 (1.87) 14.69 (1.90) 15.39 (2.79)
Education (SD)

2.2.2 Materials

Three to six scenarios demonstrating each heuristic were adapted from various
sources (see Appendix A). As these heuristics are prompted in different ways across the
literature, we included three instances of anchoring, availability, representativeness, and
sunk cost fallacy in order to capture a fuller range of heuristic responding. We included
six instances of recognition to allow for three examples each of the disease prevalence
and city population inference tasks (Pachur et al., 2009).

Anchoring Heuristic. We used scenarios listed in Furnham and Boo (2011):

height of the tallest redwood tree, length of the Mississippi River, and gestation period of
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an African elephant. Participants first decided whether the height, length, or gestation
period were greater than or less than the given anchor and then estimated the exact
measure.

Availability Heuristic. Adapted from Tversky and Kahneman (1973), we used a
shortened version of the “famous names problem” that was implemented in Braga et al.
(2015). Sixteen names were given: five were famous men and one was a famous woman
(e.g., David Beckham, Britney Spears). The other ten names were taken from the 2011
census list of the most frequent U.S. names (e.g., Richard Miller, Sarah Wilson). After
the names were listed in random order one by one, participants decided whether more
men or women’s names were presented (note: an equal number of men’s and women’s
names were shown). We also used the letter likelihood scenario from Tversky and
Kahneman (1974) for the letters R and K. Participants decided whether it was more likely
that a randomly sampled English word started with the target letter or had the target letter
as its third letter (the correct answer is the third letter, but it is easier to recall words that
begin with the target letter).

Recognition Heuristic. We adapted the disease prevalence and city population
inference tasks used in Pachur et al. (2009). Participants saw two options and chose the
one they believed has higher prevalence in the U.S. (e.g., shigellosis vs. E. coli) or has
the higher population (e.g., Dublin vs. Minsk), respectively. Choice of the more familiar
option (i.e., E. coli or Dublin) would indicate use of the recognition heuristic.

Representativeness Heuristic. We used the Linda problem from Tversky and

Kahneman (1983), the lawyer vs. engineer base rate problem from Kahneman and
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Tversky (1973), and the marble problem from Kahneman and Tversky (1972). In the
Linda problem, participants were given a description of Linda (e.g., bright, outspoken 31-
year-old woman concerned with issues of social justice) and asked to indicate whether it
is more probable that Linda is 1) a bank teller or 2) a bank teller that is active in the
feminist movement. In the lawyer vs. engineer problem, participants were told that 30
engineers and 70 lawyers were interviewed by psychologists. They then received one
randomly chosen description of one of the interviewees (e.g., Jack has no political
interests and enjoys carpentry and math puzzles) and were asked to predict the
probability (0-100%) that the man is an engineer. In the marble problem, five children are
playing a game and 20 marbles are distributed randomly among them. Participants
selected which of two distributions (Distribution A: 4,4,5,4,3; Distribution B: 4,4,4,4.4)
was more likely to occur after several rounds of the game. In all scenarios, reliance on the
representativeness heuristic means choosing the option that matches one’s expectations
(i.e., knowledge about the characteristics of lawyers vs. engineers) rather than focusing
on the probabilities.

Sunk Cost Fallacy. We used three scenarios adapted from Bruine de Bruin et al.
(2014) and Strough et al. (2014) and participants decided on a scale from 1 (most likely
to stick with plans) to 6 (most likely to cancel plans) how willing they were to forego
their plans. For example, participants read a scenario about losing interest in a project and

then rated their likelihood to continue or stop working on it.
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2.2.3 Procedure

After providing informed consent, participants completed demographic
information about their age, sex, education level, and ethnicity. They then completed
three blocks of decision scenarios. Each block contained two recognition scenarios and
one scenario tapping each of the following heuristics: sunk cost bias, availability,
representativeness, and anchoring. Presentation of each heuristic within a block was
randomized and high versus low anchors were counterbalanced across participants.
Finally, participants were asked seven open-ended response questions, including whether
they looked up the answers to any questions and whether they had prior exposure to the
scenarios used in the study. Then, for each of the five heuristics, participants were asked
to describe what strategy they used to make their decision. Finally, participants were

compensated for their participation directly through Qualtrics.

2.3 Results
2.3.1 Anchoring

First, we computed independent samples t-tests on participants’ estimates to
confirm that the items used in the study produced anchoring effects. Anchoring occurred
when participants estimated the height of the tallest redwood tree and the length of the
Mississippi River. The redwood tree was estimated as shorter (M= 128, SD = 126) when
participants were given a low anchor (65 feet) versus a high anchor (500 feet; M= 630,
SD =972); #(306) =-6.17, p <.001, d = -.71. Similarly, the Mississippi River was
estimated as shorter when participants were given a low anchor of 200 miles (M= 939,

SD = 1,729) versus a high anchor of 20,000 miles (M= 15,980, SD = 35,670); t(306) = -
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5.29, p <.001, d = -.60. Participants did not show an anchoring effect when estimating
the gestation period of an African elephant. Estimates were similar regardless of whether
participants were given a low anchor (12 months; M= 23.7, SD = 45.1) or high anchor
(32 months; M=25.2, SD =12.1); #306) = -.388, p = .698, d = -.044.

Next, we put participants’ estimates on the same scale by calculating the absolute
proportional difference from the anchor. That is, we computed the absolute difference
between the estimate and the anchor and divided it by the anchor. For completeness, we
report the age effect results for the two items that showed anchoring and the one that did
not separately below.

Height of tallest redwood tree and length of Mississippi River. To evaluate the
effect of age on the use of anchoring, we computed a repeated-measures ANCOVA, with
item (redwood height, Mississippi River length) as a within-subject factor and age
(continuous) as a between-subject factor. The main effect of age was non-significant,
F(1,305)=.034, p = .854, as was the age by item interaction, F(1, 305) =.000002, p =
999, 1,2 < .001. In other words, the degree of difference between estimates and their
anchors did not vary based on age. The age effect remained non-significant after
controlling for sex, ethnicity, and education, F(1, 301) =.297, p = .586.

Gestation period of an African elephant. Evaluating age effects for a single item
eliminated the need for a categorical item factor, so we computed a simple linear
regression. There was a non-significant main effect of age, b =—.012, 95% CI = [-.027,

.004], t =—1.48, p = .140, which remained non-significant after controlling for sex,
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ethnicity, and education, b =—.008, 95% CI =[-.025, .009], t =—.951, p = .342. See

Figure 1 for the age effects of each anchoring item separately.
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Figure 1: Anchoring Results

The absolute proportional difference between participants’ estimates and the

40 60 80
Age

anchors they were given for height of the tallest redwood tree (left), length of the
Mississippi River (middle), and gestation period of an African elephant (right) did
not differ across age groups. The top row includes all data points. The bottom row
shows that the pattern of results is unchanged even after matching the ranges for
absolute proportional difference by removing extreme values. In all plots, zero
indicates estimates that were equal to the anchors provided. Plots depict simple
regression lines with 95% confidence intervals (gray bands) and correlations (r)
between age and anchoring use; analyses controlling for covariates are reported in

the text.
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2.3.2 Availability

A score of 1 was assigned to responses that followed the availability heuristic
(i.e., selected that more men’s names were presented in the list, selected first letter in a
word). A score of 0 was assigned to responses that did not follow this heuristic. On
average, participants chose the more available option over half of the time (M= 59%, SD
= 35%; see Figure 2). To evaluate the effect of age on the use of availability, we
computed a repeated-measures ANCOVA, with item as a within-subject factor and age as
a continuous between-subject factor. We found a small item by age interaction, F(2, 612)
=3.17, p = .043, n,*> = .01, driven by a positive relationship between age and heuristic use
in the R letter likelihood scenario, 7(306) = .12, p = .036. However, this interaction was
not robust and did not remain significant after controlling for sex, ethnicity, and
education, F(2, 604) = 1.18, p = .309, ,> = .004. The main effect of age was non-
significant, F(1, 306) = .389, p = .533 and remained non-significant after controlling for

sex, ethnicity, and education, F(1, 302) =.0006, p = .981.

2.3.3 Recognition

A score of 1 was assigned to responses that followed the recognition heuristic
(e.g., selected Dublin—the more familiar option— even though Minsk has the higher
population). A score of 0 was assigned to responses that did not follow this heuristic. On
average, participants chose the more familiar option most of the time (M= 77%, SD =

19%; see Figure 2). To evaluate the effect of age on the use of recognition, we computed
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a repeated-measures ANCOVA, with item as a within-subject factor and age as a
continuous between-subject factor. The main effect of age was non-significant, F(1, 306)
=434, p = .511, and there was no item-level interaction with age, F(1, 306) =.018, p =
.894, 1,2 < .001. The age effect remained non-significant after controlling for sex,

ethnicity, and education, F(1, 302) =.013, p = .9009.

2.3.4 Representativeness

The representativeness scenarios used different scales, in that the Linda and
marble problems require a binary choice and the lawyer vs. engineering problem involves
generating a percentage. To put all responses on the same scale, answers of 40% and
above in the lawyer vs. engineer problem were counted as heuristic responses. The
correct percentage is 30% as there were 30 engineers in the sample. Technically, a
response of 31% or higher suggests heuristic responding, but we chose 40% to select a
value that is meaningfully different from 30%. Using a stricter cutoff (i.e., 35%) did not
change the results. Across tasks, representative responses (i.e., selecting that Linda is a
bank teller and feminist, selecting Marble Distribution A) were scored as 1 and non-
representative responses were scored as 0. On average, participants chose the more
representative option most of the time (M= 76%, SD = 24%; see Figure 2). To evaluate
the effect of age on the use of representativeness, we computed a repeated-measures
ANCOVA, with item as a within-subject factor and age as a continuous between-subject
factor. The main effect of age was non-significant, F(1, 306) = .545, p = .461, and there

was no item-level interaction with age, F(2, 612) =2.28, p = .103, 5,> = .007. The age
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effect remained non-significant after controlling for sex, ethnicity, and education, F(1,

302) =.039, p = .843.
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Figure 2: Availability, Recognition, and Representativeness Results
Participants’ average use of the availability heuristic (left), recognition
heuristic (middle), and representativeness heuristic (right) across different scenarios
did not differ across age groups. Plots depict simple regression lines with 95%

confidence intervals (gray bands) and correlations (r) between age and heuristic use;
analyses controlling for covariates are reported in the text.

2.3.5 Bayesian Analyses of Age Differences in Anchoring, Availability,
Recognition, and Representativeness

To assess the relative evidence in support of the null or alternative hypotheses, we
conducted simple Bayesian linear regressions. Age was included as a predictor of
anchoring, availability, recognition, and representativeness heuristic use. Consistent with
our frequentist results, we found moderate evidence in favor of the null hypothesis (BFo;

> 6), indicating that the data is at least six times more representative of the null
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hypothesis (there are no age-related differences in heuristic use) versus the alternate

hypothesis (there are age-related differences in heuristic use).

2.3.6 Sunk Cost Fallacy

Across scenarios, participants were slightly likely to cancel plans (3.73 on a scale
of 1 to 6; SD = 1.16). To evaluate the effect of age on the use of the sunk cost fallacy, we
computed a repeated-measures ANCOVA, with item as a within-subject factor and age as
a continuous between-subject factor. There was no item-level interaction with age, F(2,
612) = 1.44, p = 238, n,> = .005. However, there was a significant main effect of age,
F(1,306) =4.55, p =.034. Simple linear regression confirmed that age significantly
predicted avoidance of the sunk cost fallacy — as age increased, so did the likelihood that
participants would forego their plans, b =.007, 95% CI = [.0006, .014], SE = .003, ¢t =
2.13, p = .034 (see Figure 3). The age effect was not significant after controlling for sex,
ethnicity, and education, b = .007, 95% CI = [-.0005, .014], SE = .004, t = 1.84, p = .067.
However, the point estimate was identical and the confidence interval was highly
overlapping with the simple age effect. This effect is similar in size to what has been
reported in previous studies that found age-related differences in the sunk cost bias
(Bruine de Bruin et al., 2014; Strough et al., 2016). Simple Bayesian linear regression
found evidence in favor of the alternate hypothesis (BF o > 1), indicating that the data is
relatively more representative of the alternate hypothesis (there are age-related
differences in the sunk cost bias) versus the null hypothesis (there are no age-related

differences in the sunk cost bias).
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Figure 3: Sunk Cost Fallacy Results

Age-related differences in participants’ likelihood to cancel plans on a scale
of 1 (most likely to stick with plans) to 6 (most likely to cancel plans). Plot depicts
simple regression line with 95% confidence interval (gray band) and correlation (r)
between age and avoidance of the sunk cost fallacy; analyses controlling for
covariates are reported in the text.

2.4 General Discussion

In this study, we found that classic heuristic use was common across adults of all
ages. Age did not significantly impact 1) how far participants’ estimates were from the
anchors they were given (anchoring heuristic), 2) how often participants chose the more
accessible option of a pair (availability heuristic), 3) how often participants chose the
more familiar option of a pair (recognition heuristic), and 4) how often participants chose

the option that most closely resembled a target description (representativeness heuristic).
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However, there were age-related differences in the sunk cost bias. Older adults were
more likely to avoid this fallacy and chose to forego their plans more often than younger
adults.

Although the age difference in the sunk cost fallacy is small, it is consistent with
others in the literature. One possible explanation for age-related differences in this
heuristic and not the others may be related to learning that occurs across the lifespan. The
longer one lives, the more opportunities one has to learn that persistence is not always
worthwhile. In fact, several studies have suggested that age-related improvements in the
sunk cost bias are related to affect and experience (Bruine de Bruin et al., 2014; Bruine
de Bruin et al., 2007; Bruine de Bruin et al., 2012). And while self-reports should be
taken with caution, 78% of participants reported that they relied on life experiences while
rating their likelihood to cancel plans (see Table 2). These findings are in line with
research that suggests that age-related differences in certain decision making tasks may
be related to age-related differences in fluid and crystalized cognitive abilities. Similar to
the sunk cost fallacy, some tasks (e.g., making internally consistent probabilistic
judgments of getting into a car accident vs. driving accident free) rely more on
crystallized capabilities that improve with age, while other tasks (e.g., applying
designated decision strategies when choosing between multiple products) rely more on
fluid capabilities that decrease with age (Bruine de Bruin et al., 2012; Li et al., 2013; Del
Missier et al., 2013; Strough et al., 2011a). Prior researchers have speculated about the
role of age-related differences in specific fluid and crystalized abilities (Agarwal et al.,

2009) or cognitive and affective abilities (Peters et al., 2007) in decision making across
29



adulthood, yet relatively few studies (e.g., Li et al., 2013; Li et al., 2015) have directly
measured multiple domains of cognitive (fluid and crystalized) or affective abilities
across adulthood to confirm that they specifically account for age-related variance in

choice (see review in Strough et al., 2020).

Table 2: Self-Reported Strategies Used to Solve Decision Scenarios

Percentages indicate how many participants out of 308 used each strategy.

No Guessing Knowledge :
Strategy .. & Reasoning Experience
Intuition

Anchoring 12% 52% 32% 4%
Availability 18% 36% 45.5% 0.5%

Recognition 7% 27% 65% 1%

Representativeness 12% 18% 66% 4%
Sunk Cost Fallacy 9% 3% 10% 78%

In contrast to life experience reducing susceptibility to the sunk cost fallacy,
experience might preserve use of the classic heuristics because they often lead to the
correct answer (Gigerenzer & Gaissmeier, 2011). Heuristics are shortcuts that reflect a
common state of the world: in most cases, more populous cities are mentioned in the
news, learned about in schools, and are common travel destinations. Thus, using the cue
of familiarity would typically lead one to choose the correct answer. Even experts use
these heuristics, although sometimes to a lesser degree. One review found that auditors
tended to respond heuristically (e.g., use anchors, neglect base rates) in neutral tasks, but

this behavior was mitigated in familiar and job-related tasks (Smith & Kida, 1991). Yet,
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some experts in other domains (e.g., real estate agents, legal professionals, nurses) are
still susceptible to heuristic responding even when making decisions in their area of
expertise (Northcraft & Neale, 1987; Englich et al., 2006; Brannon & Carson, 2003).
Related work in finance reveals that the use of heuristic-like rules of thumb may increase
with age as investors gain more experience (Korniotis & Kumar, 2011). Together these
studies highlight the pervasive nature of heuristic use even after significant domain-
specific experience.

Some views contend that we use heuristics to reduce effort, especially in the face
of capacity limitations (e.g., limited time, motivation; Shah & Oppenheimer, 2008). With
even fewer cognitive resources, older adults might be expected to be more likely to use
heuristics. However, many of the cognitive mechanisms proposed to underlie these
heuristics do not show declines with age. More specifically, accrued knowledge about the
world plays a role in all of the heuristics that did not show age effects. Availability
effects are linked to the ease with which information is retrieved from memory (Tversky
& Kahneman, 1974). To the extent that the task is asking people to retrieve from
semantic memory, we would not expect age-related differences. Older adults generate
category examples at the same rate as younger adults (Light & Albertson, 1989), so we
would expect them to be similarly able to generate words starting with K or with K as its
third letter. The recognition heuristic also draws on stored knowledge. People rely on a
global sense of familiarity as a way of choosing their answer (Pachur & Hertwig, 2006).
The relative familiarity of two diseases or cities should not differ as a function of age

given the obscurity of the unfamiliar option (Pachur et al., 2009). Finally, the
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representativeness heuristic draws on well-learned schemas and depends on the degree of
similarity between the target person/event/sample and the population from which it is
drawn (Galavotti et al., 2021). Schematic knowledge is preserved in healthy aging and is
believed to be a major aid to memory when episodic details are forgotten (Siegel et al.,
2020). Informally, participants reported drawing on their knowledge to solve all of these
decision scenarios, especially the recognition (65%) and representativeness heuristic
scenarios (66%) (see Table 2).

In contrast, it is less clear what role knowledge plays in the anchoring heuristic.
Plausible anchors are more likely to sway decisions (Sugden et al., 2013), but specific
expertise in a domain may reduce reliance on anchors altogether (Smith et al., 2013). In
the present case, we do not have any reason to believe there are age-related differences in
specific knowledge of the height and length of the tallest redwood tree or Mississippi
River, respectively, thus it is not surprising that we did not find age-related differences in
anchoring.

These results are unlikely to be attributable to the online nature of the study.
Paralleling earlier papers showing similar results across laboratory and Amazon
Mechanical Turk samples (see Buhrmester et al., 2018 for review), research is now
emerging showing similar adult age effects across in-person and online samples from
various data collection platforms (e.g., Greene & Naveh-Benjamin, 2022; Seaman et al.,
2021). Furthermore, we found an age difference in the sunk cost fallacy using our online
sample, replicating an effect observed numerous times in the laboratory (Strough et al.,

2008; Strough et al., 2011b). More generally, older adults have been the fastest growing
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users of the internet for over a decade, with the gap between younger and older adults’
smartphone, tablet, and internet usage steadily decreasing over time (Faverio, 2022).
Thus, aging samples in online studies are likely becoming more representative of the
general aging population.

Future studies should address some of our limitations. While we attempted to
recruit a diverse set of participants, this sample was not nationally representative,
especially in the oldest-old group of 80-90 year olds, so our findings may differ when
including people from other ethnic and educational backgrounds (though we note we
have no specific predictions about how heuristic use might vary as a function of these
factors). Additionally, Qualtrics Panels was unable to provide us with the number of
invited individuals who did not participate, thus underlying differences may exist
between those who participated and those who did not. This study was also cross-
sectional instead of longitudinal, so age differences may reflect cohort differences instead
of changes with age. However, it is not clear exactly what cohort difference might be
predicted to explain these effects. Finally, and perhaps most importantly, the heuristic
tasks used hypothetical scenarios; it is possible that participants’ responses to these
scenarios do not reflect their real-world decision making. This concern is especially valid
for older adults; in other domains (e.g., prospective memory), it has been shown that
older adults behave differently in laboratory studies than they would in everyday life
(e.g., Rendell & Thomson, 1999; Henry et al., 2004).

Moving forward, an interesting future direction for this research would be to

explore whether these results would extend to individuals with age-related diseases. To
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the extent that cognitive impairment is mild and semantic knowledge is intact, we would
not expect there to be differences in heuristic use between healthy and clinical
populations. However, if a breakdown of semantic processing does occur, as is believed
to be the case in Alzheimer’s Disease (AD; Verma & Howard, 2012), then we would
expect to see differences from healthy controls. AD populations may have deficits in
heuristic use because they are not readily able to rely on their semantic knowledge. For
example, Balthazar and colleagues found that patients with amnesiac mild cognitive
impairment (aMCI) performed normally on the Boston Naming Test (BNT), a semantic
assessment that asks participants to name line drawings of objects of increasing difficulty
(2008). Mild AD patients performed significantly worse on the BNT, but were able to
boost their performance to that of aMCI patients and healthy controls after they were
given semantic (i.e., a short explanation of the picture) and phonemic (i.e., the first
phonemes of the target word) cues upon making a naming error. Thus, we can speculate
that people with MCI, but not AD, would use heuristics to the same degree as healthy
controls. People with AD may need certain cues and nudges in order to use heuristics
effectively.

Overall, we believe it is important to highlight the skills and abilities that are
preserved in healthy aging. Null age effects should not automatically be relegated to the
file drawer; they may reveal something significant about the preservation of certain
aspects of human cognition with age (Lakens et al., 2020; Isaacowitz, 2020). For
example, the current work suggests that adaptive strategies like heuristics are used

consistently throughout the adult lifespan; older adults are not more likely to use them
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than younger adults. These results challenge some earlier speculation that older adults
might be more reliant on heuristic processing compared to their younger counterparts
(Peters et al., 2000) and identify yet another preserved aspect of cognition in healthy
aging. In fact, related prior research has shown that the simplifying decision strategies of
older adults produce high quality decisions in everyday life (Mata & Nunes, 2010). More
generally, knowledge about what is preserved across adulthood could be useful when

developing tools and strategies for optimizing older adults’ decision making.
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Chapter 3: Predicting Others’ Knowledge in Younger and
Older Adulthood

3.1 Introduction

People’s beliefs about the abilities of others matter, affecting whom they interact
with personally and professionally. Sometimes these beliefs appropriately guide
behavior, such as when one considers a friend’s ability to complete a strenuous activity
(Snyder et al., 1983). Other times, beliefs have negative consequences, such as when
employers view older adults as less trainable, personable, and agile than younger adults
in the same applicant pool (Rupp et al., 2006). More generally, ageism is prevalent in
society, with many believing older adults are incompetent, curmudgeonly, and forgetful
(Schmidt & Boland, 1986; Cuddy & Fiske, 2002; Ng et al., 2015). Here, we focus
specifically on people’s beliefs about age-related changes in cognition. While it is well-
documented that younger adults (correctly) believe episodic memory abilities decline
with age (Ryan & See, 1993; Tauber et al., 2019), less clear is their awareness of
cognitive abilities that are preserved in healthy aging. We investigate this metacognitive
issue in seven experiments, examining beliefs about an ability that is spared (and
sometimes improves) with age — knowledge.

Younger adults know that episodic memory declines with age, consistently
estimating older adults” memory abilities as worse than their own. For example, when
predicting memory for a list of medications and their side effects (e.g., Calamor—
itching), younger adults estimate that a hypothetical older adult would remember 16%

fewer pairs than would a hypothetical younger adult (Hargis & Castel, 2019). Similar
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results occur when younger adults estimate the percentage of a word list an older adult
would be able to recall in a hypothetical experiment (Tauber et al., 2019). Likewise, both
younger and older adults consistently rate older adults’ memory abilities as worse on a
standard metamemory measure, the General Beliefs about Memory Instrument (GBMI,
Lineweaver & Hertzog, 1998).

While these beliefs are accurate — aging is associated with declines in
remembering — they still have behavioral consequences. For example, when participants
collaborate to remember a scene, younger adults are less likely to later repeat suggestions
from older adult confederates (Davis & Meade, 2013; Meade et al., 2017). The
prevalence of this stereotype can lead to stereotype threat, potentially affecting older
adults’ physical abilities (Barber et al., 2020), cognitive performance (Hess et al., 2003),
and general wellbeing (Levy et al., 2008; Weiss, 2018). In the domain of memory,
stereotypes exacerbate older adults’ memory deficits, leading them to perform below
their full potential (for review, see Barber, 2017).

However, not all aspects of remembering decline with age; knowledge is a form
of crystallized intelligence, which increases across the lifespan and generally remains
intact in older adults (Ronnlund et al., 2005; Craik & Bialystok, 2006). For instance,
knowledge of vocabulary words and grammar increases throughout young adulthood and
is maintained in older adulthood (Wingfield & Stine-Morrow, 2000; Verhaeghen, 2003).
Similar preservation effects occur for knowledge of science, geography, and history

(Salthouse, 2003) as well as skills like playing an instrument (Krampe & Ericsson, 1996).
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When estimating the knowledge of others, the data support an anchoring-and-
adjustment mechanism. That is, people are egocentric and use their own knowledge as a
starting point when building a model for what others know (Nickerson, 1999). For
example, participants who knew the contents of a hidden message in a song (vs. those
that didn’t) estimated that a greater proportion of naive listeners (55% vs. 16%) would
also hear the message (Epley et al., 2004). Similarly, the estimated difficulty of
unscrambling a series of anagrams was highly correlated with the time it took participants
to solve the anagrams themselves (Kelley & Jacoby, 1996). People are also egocentric
when answering general knowledge questions and making predictions about a peer’s
ability to answer the same questions.

However, recent work questions whether anchoring on one’s own knowledge is
required when estimating the knowledge of others. For example, people discount their
own knowledge when they can attribute their success to an outside source (e.g., preview
of the answers; Thomas & Jacoby, 2013). The Cue Utilization Model (Koriat, 1997,
Tullis, 2018) posits that people use additional cues beyond one’s own knowledge when
judging others’ knowledge. For instance, people realize that others will perform worse on
misconception questions, regardless of what they themselves know.

Here, we explore the Cue Utilization Model and investigate whether age is used
as a diagnostic cue for what others know, examining whether people’s judgments change
when predicting the knowledge of an older versus younger adult. Given that younger
adults understand age-related declines in episodic memory, an age cue could produce a

“negative halo effect” (Forgas & Laham, 2016), with younger adults over-generalizing
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their negative beliefs about aging and memory to knowledge. In contrast, age could be a
positive cue. Younger adults may have a relatively accurate understanding of aging
(through observation or more formal instruction), such that they associate aging with
deficits in episodic memory but preserved or improved performance on knowledge tasks.
That is, younger adults are mindful that older adults have more experience (Bowen et al.,
2019) and may consequently be aware that healthy aging is not associated with declines
in knowledge. A secondary question is whether an age cue eclipses the cue of one’s own
knowledge given that anchoring is not required in the Cue Utilization Model.

In seven studies (see Table 3), participants estimated the performance of
hypothetical younger and older adults on general knowledge measures. The items varied
in difficulty to test whether participants anchored on their own knowledge (as people are
sensitive to their own struggles when answering difficult questions). People’s assessment
of their own knowledge was measured in all studies except the first. To preview,
participants predicted age-related decreases in episodic memory, but age-related increases

in general knowledge.
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Table 3: Summary of Studies

N Moage (range)  Memory Knowledge Difficulty GBMI
Type Type Level
Study 1 190 35.75 word recall general - -
(19-72)
Study 2a 183 37.83 - general medium, -
(20-81) difficult
Study 2b 181 36.70 - general easy, difficult -
(18-73)
Study 3 177 36.49 --- vocabulary medium, -
(19-77) difficult
Study 4a 46 71.20 - general medium, -
(65-82) difficult
Study 4b 44 29.73 - general medium, X
(21-40) difficult
48 74.23
(65-84)
Study 5 104 29.33 - general difficult -
(20-40)
110 72.94
(65-83)

3.2 Study 1

3.2.1 Method

Participants. Two hundred adults were recruited through Amazon Mechanical

Turk (MTurk) to complete the online study. Our study was modeled on Tauber et al.

(2019) which averaged 48 participants per study; we doubled that number, given our
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between-subjects manipulation (memory vs. knowledge estimation). We further increased
the number of participants in hopes of sampling a wider range of ages on MTurk. All
participants were U.S. residents, had completed at least 50 HITs, and had an approval rate
greater than 90%. Ten participants were excluded from the analyses for failing the
attention check at the end of the study (see below for details). Thus, data was analyzed
from the remaining 190 individuals (Mage = 35.75, SD = 11.07, range = 19-72, 81 female,
2 other). All studies in this report were approved by the Duke University Campus
Institutional Review Board.

Materials and Procedure. Participants were randomly assigned to one of two
between-subjects conditions: memory estimation or knowledge estimation. After
providing informed consent, they answered demographic questions about their age,
gender, ethnicity, and education. Next, they read one of two scenarios (adapted from
Tauber et al., 2019). In the memory estimation condition, they read:

In a previous experiment, younger adults (roughly 18-21 years old) and older

adults (roughly 65+ years old) were presented with a list of 28 words one after the

other. Sample words included #ree and island. Each word was presented for 5

seconds. The task was to study these words so they would be able to remember

them for a later test. The memory test took place immediately after all of the
words had been studied. On the test, younger and older adults were given
unlimited time to list the words that they could remember in any order.
Participants in the knowledge estimation condition read:
In a previous experiment, younger adults (roughly 18-21 years old) and older
adults (roughly 65+ years old) were presented with a list of 28 general knowledge
questions one after the other. Sample questions included “What is the name of the
lightest wood known?” and “What island is the largest in the world excluding
Australia?” The task was to answer these questions without looking up the

answers. On the test, younger and older adults were given unlimited time to
answer the questions.
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Depending on experimental condition, participants either estimated how many
words were recalled or how many general knowledge questions were answered correctly;
all participants made two estimates, one for a hypothetical younger adult and the other for
a hypothetical older adult. The order in which they made these estimates was
counterbalanced. Participants completed their estimates by typing in a number between 0
and 28. This task was self-paced.

The experiment ended with an attention check (used by Stanley et al., 2019).
Subjects were asked, “Do you feel that you paid attention, avoided distractions, and took
the survey seriously?” Participants selected one of five answers: (1) no, I was distracted;
(2) no, I had trouble paying attention; (3) no, I did not take the study seriously; (4) no,
something else affected my participation negatively; or (5) yes. Participants were assured
that their responses would not affect their payment or their eligibility for future studies.
Only those participants who selected (5) were included in the analyses. Upon completion,
participants were monetarily compensated for their efforts (as they were in all studies

listed in this report).

3.2.2 Results

Replicating past work, participants estimated that younger adults would recall
more words (M= .56, SD = .20) than would older adults (M= .44, SD = .18); t(93) = 7.92,
p <.001, d = .82. In contrast, they estimated that younger adults would answer fewer
general knowledge questions correctly (M= .50, SD = .19) than would older adults (M=
.59, SD = .18); 1(95) =4.99, p < .001, d = .51.
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3.3 Studies 2a and 2b
Studies 2a and 2b conceptually replicated Study 1 while also adding a measure of
participants’ own knowledge (to allow us to evaluate anchoring). The studies are reported

together as the methods were identical and the materials only differed in difficulty.

3.3.1 Method

Participants. Four hundred adults (200 for Study 2a and 200 for Study 2b) were
recruited through Amazon Mechanical Turk (MTurk) to complete the online studies. Our
studies were modeled on Tauber et al. (2019) which averaged 48 participants per study;
we doubled that number, given our between-subjects manipulation (level of question
difficulty). We further increased the number of participants in hopes of sampling a wider
range of ages on MTurk. The same inclusion criteria from Study 1 were used. Twelve
participants (six from each study) were excluded for failing the attention check and 24
(eleven from Study 2a and thirteen from Study 2b) were excluded for looking up the
answers to questions. Thus, the analyses included 183 individuals (Mage = 37.83, SD =
11.41, range = 20-81, 90 female) in Study 2a and 181 (Mage = 36.70, SD = 10.69, range =
18-73, 83 female) in Study 2b.

Materials. Question difficulty was manipulated between-subjects based on
Tauber et al. (2013); ten items were selected to be difficult (Probability of Recall (POR)
=.092 - .160; Studies 2a and 2b), ten were medium (POR range = .481 - .663; Study 2a),
and ten were easy (POR range =.730 - .890; Study 2b). All questions appear in Appendix
B. Sample difficult questions included “Which country was the first to use gunpowder?

and “What is the name of the lightest wood known?”. Sample medium questions included
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“What is the name of the legendary one-eyed giant in Greek mythology?” and “What is
the name of a dried plum?”. Sample easy questions included “What is the capital of
France?” and “What is the name of the remains of plants and animals that are found in
stone?”.

Procedure. Studies 2a and 2b had two parts: estimating the knowledge of others
and demonstrating (and predicting) one’s own knowledge. The same knowledge
estimation scenario was used as in Study 1, except that ten sample questions followed the
scenario. Participants estimated the number of questions (out of 28) hypothetical younger
and older adults would answer correctly. The order in which they made these estimates
was counterbalanced. Then, after making these estimates, participants answered the ten
normed sample questions themselves in a randomized order. They were instructed to
write, “I don’t know” for any answers they could not provide. Afterwards, participants
estimated how many they believed they had answered correctly (out of ten). All estimates
and answers were typed in by participants and the task was self-paced.

Finally, participants were asked if they looked up any answers to the questions
and completed the attention check.

Data Analysis. In the remainder of studies herein, data were analyzed using SPSS
and R with the ‘Ime4’ (Bates et al., 2015) and ‘lmerTest’ (Kuznetsova et al., 2017)
software packages. Significance for fixed effects was assessed using the Satterthwaite
degrees of freedom method and 95% confidence intervals (Cls) around beta-values were
computed using bootstrapping (n simulations = 1,000). The alpha level for all statistical

tests was set at .05.
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3.3.2 Results

Estimates of Others’ Knowledge. For each study, a 2 (hypothetical age: younger,
older) x 2 (difficulty) repeated-measures ANOVA was computed on participants’
estimates; the studies differed only in the specific difficulty levels tested. Participants
were well-calibrated in their estimates. In Study 2a, participants estimated people would
answer more medium questions correctly (M = .59, SD = .19) than difficult ones (M =
46, SD = .20); F(1,181)=17.71, MSE = .08, p < .001, ,> = .09. In Study 2b,
participants predicted higher performance on easy questions (M = .63, SD = .20) versus
difficult ones (M = .46, SD = .19); F(1, 179) = 30.45, MSE = .08 p < .001, ,> = .15.

More importantly, in both studies older adults were predicted to know more. This
effect was significant in Study 2a (older (M = .59, SD = .23) > younger (M = .45, SD =
21)); F(1, 181) = 164.00, MSE = .01, p < .001, 5,> = .48 and Study 2b (older (M = .60,
SD = .23) > younger (M = .49, SD = .23)); F(1, 179) = 83.22, MSE = .01, p < .001, ;> =
.32. The interaction between hypothetical age and difficulty was not significant in either
study (Fs <1).

Role of Participants’ Knowledge. Participants were fairly accurate at judging
their own performance (actual and estimated performance were highly correlated: Study
2a r=.88; Study 2b r =.92). To examine anchoring on one’s own knowledge, we
computed a linear mixed effect model with estimates of hypothetical others’ knowledge
as the outcome variable. Participants’ age (continuous), estimates of their own
performance, and target age (hypothetical younger or older adult) were modeled as fixed

effects. Participant was included as a random effect (random intercepts only). In both
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studies, participants’ own knowledge significantly predicted the estimates they made for
others: Study 2a: b =.225, SE = .049, t = 4.60, p < .001, 95% CI =[.137, .322]; Study 2b:
b=.290, SE =.043, t=6.80, p <.001, 95% CI =[.205, .378]. However, the age of the
hypothetical target remained a significant predictor, even with the measure of
individuals’ knowledge entered into the model: Study 2a: b =-.139, SE = .012, t =-12.84,
p <.001, 95% CI =[-.160, -.119]); Study 2b: b=-.110, SE =.012, ¢ =-9.13, p <.001,
95% CI = [-.132, -.085]). Participants anchored their estimates on what they themselves

knew — but the age of the hypothetical target explained additional variance.

3.4 Study 3
To ensure the generality of the results, Study 3 participants predicted performance

on a different knowledge measure: the ability to define vocabulary words.

3.4.1 Method

Participants. Two hundred adults were recruited through Amazon Mechanical
Turk (MTurk) to complete the online study. Our study was modeled on Tauber et al.
(2019) which averaged 48 participants per study; we doubled that number, given our
between-subjects manipulation (level of vocabulary difficulty). We further increased the
number of participants in hopes of sampling a wider range of ages on MTurk. The same
inclusion criteria from Study 1 were used. Twenty-three participants were excluded from
analysis for either failing the attention check (15) or looking up the vocabulary
definitions (8). Thus, data was analyzed from the remaining 177 individuals (Mage =

36.49, SD = 11.35, range = 19-77, 80 female, 2 other).
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Materials and Procedure. This study differed from Studies 2a and 2b only in
materials; participants were asked to estimate a younger or older adult’s ability to define
vocabulary words instead of general knowledge. The scenario adapted from Tauber et al.
(2019) was changed to read as follows:

In a previous experiment, younger adults (roughly 18-21 years old) and older

adults (roughly 65+ years old) were presented with a list of 28 words one after the

other (see sample words below). The task was to define these words without
looking up the definitions. On the test, younger and older adults were given
unlimited time to define the words.

Ten sample words were then listed, with difficulty differing across conditions.
Difficult words (e.g. acerbic, fetid, droll) were selected from a list of GRE words whereas
medium words (e.g. opulent, amicable, vindicate) were selected from a list of SAT
words. See Appendix B for the full list of words. Participants were asked to estimate how
many words out of 28 the hypothetical younger and older adult would define correctly.
The order in which they made these estimates was counterbalanced. After making these
estimates, the participants defined the ten sample vocabulary words themselves in a
randomized order. They were instructed to write, “I don’t know” for any words they
could not define. After defining the words, participants estimated how many they believe
they defined correctly. All estimates and answers were typed in by participants and the

task was self-paced. Finally, participants were asked if they looked up the definition to

any of the words and whether they paid attention throughout the study.

3.4.2 Results
Estimates of Others’ Knowledge. A 2 (hypothetical age) x 2 (difficulty) repeated-

measures ANOVA was computed on participants’ estimates. As expected, participants
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estimated people would define more medium words correctly (M = .50, SD = .23) than
difficult ones (M = .43, SD = .23); F(1, 175) = 4.30, MSE = .11, p = .04, ,> = .02.
Critically, participants estimated that older adults would define more words correctly (M
=.50, SD = .26) than younger adults (M = .42, SD = .24); F(1, 175) =29.84, MSE = .02,
p <.001, 7> = .15. The interaction was not significant (F < 1).

Role of Participants’ Knowledge. Participants’ estimates of their own
performance were highly correlated with their actual performance, » = .91, p <.001.
These estimates were used to predict estimates of others’ knowledge using a linear mixed
effect model. Participants’ age (continuous) and target age (hypothetical younger or older
adult) were also included in the model as fixed effects; participant was included as a
random effect (random intercepts only). Consistent with an anchoring account, an
individual’s knowledge was a significant predictor of their estimates of others’
knowledge: b = .244, SE = .050, t=4.91, p <.001, 95% CI = [.142, .340]. However,
target age still mattered, (b =-.084, SE = .015, t=-5.48, p <.001, 95% CI =[-.114, -

.054]), beyond the effects of anchoring on one’s own knowledge.
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Figure 4: Results for Studies 1-3

Plots show mean estimated performance (with standard error bars) on
general knowledge (Studies 1-2b) and vocabulary definition (Study 3) tests for
hypothetical younger adults (YA) and older adults (OA).

3.5 Studies 4a and 4b
The samples in the studies reported thus far skewed younger. Thus, Study 4a
targeted older adults and Study 4b included both age groups to allow for direct

comparison.
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3.5.1 Method

Participants. Study 4a included 52 older adult participants who were recruited
from the Research Participation at Duke (RPad) database. Six were excluded for either
failing the attention check (2) or looking up the answers to questions (4), leaving 46
participants eligible for analysis (Mage = 71.20, SD = 4.48, range = 65-82, 35 female).
Study 4b included 92 adults recruited through Qualtrics. Forty-four were younger adults
(Mage=29.73, SD = 5.79, range = 21-40, 24 female, 1 other) and forty-eight were older
adults (Mage = 74.23, SD = 5.87, range = 65-84; 24 female). All participants were
included in the analysis. Studies 4a and 4b were modeled on Tauber et al. (2019) which
averaged 48 participants per study.

Materials and Procedure. Both studies used the same materials and procedure as
Study 2a with one exception. After predicting others’ knowledge and demonstrating their
own, participants in Study 4b completed the General Beliefs about Memory Instrument.
They answered 27 items probing their beliefs about global (e.g. “Ability to remember in
general”) and specific (e.g. “Ability to remember faces”, “Ability to remember the source
of information”) memory efficacy in an average, healthy adult. For each item,
participants chose a value on a sliding scale between 0% and 100%. All participants
completed the items twice, once for the average 30 year old and once for the average 75

year old (order was counterbalanced across participants).

3.5.2 Results

Estimates of Others’ Knowledge. For Study 4a, a 2 (hypothetical age) x 2

(difficulty) repeated-measures ANOVA was computed on participants’ estimates. For
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Study 4b, the analysis also included the between-subjects factor of participant’s age
group (younger/older). Participants in 4b but not 4a predicted higher performance for
medium than difficult items, F(1, 88) = 6.46, MSE = .09, p = .013, ,*> = .07.

More importantly, older adults were predicted to know more. The older adults in
Study 4a predicted that an older adult (M = .61, SD = .21) would outperform a younger
adult (M = .42, SD = .20); F(1, 44) = 80.21, MSE = .01, p < .001, 5,> = .65; target age did
not interact with difficulty (¥ < 1). In Study 4b, hypothetical older adults (M = .52, SD =
.25) were also predicted to outperform younger adults (M = .43, SD = .26); F(1, 88) =
15.53, MSE = .02, p < .001, 7> = .15. This finding was qualified by an interaction with
participants’ age group, F(1, 88) =9.73, MSE = .02, p = .002, 5,> = .10. Both groups
estimated that older adults would know more; however, this effect only reached
significance for older adult participants (p <.001).

Role of Participants’ Knowledge. Participants were accurate at estimating their
own performance; actual and estimated performance were highly correlated for the older
adults in Study 4a (» = .88, p <.001) as well as both younger (» =.70, p <.001) and older
adults in Study 4b (r = .90, p <.001). We computed a linear mixed effect model with
estimates of hypothetical others’ knowledge as the outcome variable. Participants’ age
(continuous; Study 4a) or age group (younger or older adult; Study 4b), estimates of their
own performance, and target age (hypothetical younger or older) were modeled as fixed
effects. Participant was included as a random effect (random intercepts only). In both
studies, participants’ estimates of their own knowledge significantly predicted their

estimates of others’ knowledge: Study 4a: b =.400, SE = .133, t=2.98, p = .005, 95% CI
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= [.144, .638]; Study 4b: b = 284, SE = .071, t =4.02, p <.001, 95% CI =[.146, .422].
Participant age group was a significant predictor in Study 4b: b =.118, SE =.043, t =
2.72 p =.007, 95% CI =[.037, .201], but it did not interact with the age of the
hypothetical target. Critically, the main effect of target age was significant in Study 4a (b
=-.196, SE =.022, t=-9.06 p <.001, 95% CI = [-.237, -.154]) and Study 4b (b =-.092,
SE =.023,t=-3.92, p <.001, 95% CI = [-.139, -.042]). Thus, participants’ beliefs about
their own knowledge influenced their estimates of others’ knowledge, but so did the age
of the hypothetical target.

GBMI Results. A 2 (target age: younger, older) x 2 (participant age: younger,
older) repeated-measures ANOVA on average estimated memory ability revealed the
expected effect of target age: an average 30 year old was rated as having better memory

than an average 75 year old, F(1, 52) = 924.96, MSE = 5.77, p < .001, 5,> = .95.
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Figure 5: Results for Studies 4a and 4b

Plots show mean estimated performance (with standard error bars) on
general knowledge tests for hypothetical younger and older adults. For Study 4b,
the results are displayed by participants’ age group (older or younger).

3.6 Study 5

An alternate explanation of our results is that participants believe knowledge
declines from a peak in middle-age (i.e. an inverted-U relationship exists between

knowledge and aging), as opposed to continuing to increase linearly across the lifespan.
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To test this idea, Study 5 participants made predictions for a hypothetical middle-aged
adult in addition to hypothetical younger and older adults. Study 5 also described the

hypothetical older adult as “healthy”.

3.6.1 Method

Participants. Two hundred and fourteen adults were recruited through Qualtrics.
One hundred and four were younger adults (Mage = 29.33, SD = 5.87, range = 20-40, 63
female) and one hundred and ten were older adults (Mage = 72.94, SD = 4.45, range = 65-
83; 45 female). All participants were included in the analysis. Our study was modeled on
Tauber et al. (2019) which averaged 48 participants per study; we doubled that number,
given our within-subjects manipulation (knowledge estimate for hypothetical younger,
middle-aged, and older adult) and further increased the sample size to accommodate
younger and older adult participants.

Materials and Procedure. This study used the same materials and procedure as
Study 2a with three exceptions. First, participants made a knowledge estimate for a
hypothetical middle-aged adult, in addition to a younger and older adult. Next, we
specifically referred to the hypothetical older adult as “healthy”. Finally, only difficult
general knowledge questions were used, given our prior studies suggested that difficulty
did not interact with the age of the hypothetical target. All participants read:

In a previous experiment, younger adults (roughly 18-21 years old), middle-aged

adults (roughly 40-50 years old), and healthy older adults (roughly 65+ years

old) were presented with a list of 28 general knowledge trivia questions one after

the other (see sample questions below). The task was to answer these questions

without looking up the answers. On the test, younger, middle-aged, and healthy
older adults were given unlimited time to answer the questions.
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After viewing the sample questions, participants estimated the number of
questions (out of 28) hypothetical younger, middle-aged, and healthy older adults would
answer correctly; the order of these estimates was counterbalanced across subjects. After
making their estimates, participants answered the ten sample questions themselves in a
randomized order. They were instructed to write, “I don’t know” for any answers they
could not provide. Afterwards, participants estimated how many they believed they had
answered correctly (out of ten). Participants typed in their estimates and answers at their
own pace. Finally, participants were asked if they looked up any answers to the questions

and completed the attention check.

3.6.2 Results

Estimates of Others’ Knowledge. A 2 (age group) x 3 (hypothetical age)
repeated-measures ANOVA was computed on participants’ estimates. There was a main
effect of hypothetical age: F(2, 424) = 84.61, MSE = .02, p < .001, ,> = .29.
Hypothetical older adults (M = .55, SD = .29) were predicted to outperform both younger
(M =.37,8SD=.28,t=-12.83, p <.001) and middle-aged adults (M = .48, SD = .28, t = -
4.54, p <.001). Younger and older adult participants responded similarly; there was no
interaction between age group and hypothetical age (F < 1).

Role of Participants’ Knowledge. Actual and estimated performance were
correlated for younger (» = .64, p <.001) and older participants (» = .82, p <.001). We
computed a linear mixed effect model with estimates of hypothetical others’ knowledge
as the outcome variable. Participants’ age group (younger or older adult), estimates of

their own performance, and target age (hypothetical younger, middle-aged, or older) were
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modeled as fixed effects. Participant was included as a random effect (random intercepts
only). Participants’ estimates of their own knowledge significantly predicted their
estimates of others’ knowledge: b =.178, SE = .058, t =3.06, p = .003, 95% CI =[.061,
.294]. Yet, the main effect of target age was significant as well (b =-.116, SE =.014, t = -
8.32, p <.001, 95% CI =[-.141, -.086]). Participants’ beliefs about their own knowledge

influenced their estimates of others’ knowledge, but so did the age of the hypothetical

target.
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Figure 6: Study 5 Results

Plot shows mean estimated performance (with standard error bars) on
general knowledge tests for hypothetical younger, middle-aged, and older adults.
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Results are separated into older adult participants’ responses (red) and younger
adult participants’ responses (blue).

3.7 General Discussion

Across seven studies, younger and older participants predicted that older adults
would outperform younger adults on general knowledge tests. These predictions held
regardless of whether participants estimated knowledge of facts or vocabulary words and
irrespective of the difficulty of the information. These beliefs accurately reflect the larger
literature on the relative sparing of knowledge with age. There was no evidence of a
negative halo effect involving aging and knowledge, in contrast to other well-documented
beliefs about aging and memory.

The results show clear evidence for anchoring-and-adjustment when estimating
the knowledge of others — and yet this mechanism cannot fully explain our results.
Consistent with the Cue Utilization Model, participants relied on a second cue when
estimating knowledge: the age of the hypothetical adult. These results show an awareness
that healthy aging does not negatively impact the retrieval of stored knowledge. More
generally, our work shows that age is a flexible cue that takes on different meanings in
different contexts: it is associated with poorer performance in the episodic memory
domain but better performance in the knowledge domain.

Practically, this work may inform research on stereotype threat in older
adulthood. Positive and negative age stereotypes have wide-ranging effects on the

behavioral outcomes of older adults (Meisner, 2012). However, the effects of negative
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stereotypes are generally stronger than those of positive stereotypes. For example,
negative aging stereotypes can influence performance on tasks that do not normally show
age declines (i.e., arithmetic). Such negative inductions are typically multi-faceted, with
task instructions that emphasize memory, speeded responding, and comparisons to
younger adults (Nicolas et al., 2019). In contrast, positive inductions typically only rely
on subliminal priming (e.g. Levy et al., 2000). Our research suggests a way to strengthen
positive inductions, by explaining how both younger and older adults recognize that older
adults know more. This instruction would not lessen age-related declines in episodic
memory but rather might motivate older adults to perform to their full potential.

Older adults with positive perceptions of their own aging practice more
preventative health behaviors (i.e. eating a balanced diet, exercising) (Levy & Meyers,
2004), recover faster from disease (Levy et al., 2006), and have a longer lifespan (Levy et
al., 2002) compared to those with negative perceptions of their own aging. It is our hope
that endorsing the fact that adults of all ages are aware of older adults’ knowledge
advantage will help promote positive age self-perceptions and improve health outcomes

for the older population.
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Chapter 4. Leveraging Positive Age Stereotypes to Boost Older
Adults’ Memory

4.1 Introduction

Stereotypes—the generalized characteristics, attributes, and behaviors associated
with a group of people—have a major impact on how we navigate the social world.
Commonly thought to arise from mental representations of real or assumed differences
between groups, stereotypes often affect the way we view others (Hilton & von Hippel,
1996). For example, people view older adults as forgetful, weak, and incompetent (Cuddy
& Fiske, 2002). This perspective leads to numerous consequences; older adults are seen
as less hirable than younger adults (Rupp et al., 2006) and their lives are viewed as less
valuable than those of the general population (Xiang et al., 2021). Understandably, these
stereotypes have a negative impact on older individuals. For example, in the cognitive
domain, older adults exposed to articles that describe age-related declines in memory
perform worse on a memory test than those exposed to articles describing memory
maintenance across the lifespan (Hess et al., 2003). This stereotype threat effect is robust;
it has been documented in numerous studies and has been shown to affect non-cognitive
domains as well (e.g., physical abilities, health; Barber et al., 2020; Weiss, 2018).

While negative stereotypes about older adults are generally more prevalent,
positive age stereotypes exist as well (Crockett & Hummert, 1987). For instance, people
typically consider older adults to have higher rankings in communal traits like warmth
and benevolence (Cuddy et al., 2009). More importantly, older individuals are seen as

wise and insightful (Grossman et al., 2010). This stereotype was confirmed in Chapter 3;
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people of all ages rated older adults as more knowledgeable in a variety of contexts.
Given negative age stereotypes’ capacity to decrease older adults’ memory performance,
in the present study, we investigate the degree to which positive age stereotypes can
improve the memory performance of older individuals.

Performance improvements that result from exposure to positive stereotypes is
called stereotype boost. These effects have been demonstrated in several performance
domains (Shih et al., 2012). For example, Asian women perform better on a math test
when primed with their Asian identity (but worse when primed with their female identity;
Shih et al., 1999) and men perform better on a negotiation task when primed with
positive male stereotypes like assertiveness and rationality (Kray et al., 2001). In the
aging literature, older adults primed with positive words associated with aging (e.g.,
astute, sage, wise, accomplished) increase their gait speed (Hausdorff et al., 1999) and
better maintain physiological baselines (heart rate, blood pressure, skin conductance)
while completing stressful tasks (Levy et al., 2000). In terms of memory performance,
priming older adults with positive age stereotypes has been shown to improve memory
relative to baseline (Levy, 1996), but not consistently (Stein et al., 2002).

Interventions that explicitly reference positive age stereotypes have mixed results
as well. Some studies have found that older adults’ memory performance improves after
reading positive age information (e.g., when older adults are highly motivated and
accustomed to cognitive tasks, they obtain optimal verbal memory results), but only for
those with poorer self-perceptions of aging (Fernandez-Ballesteros et al., 2015) or high

education (Andreoletti & Lachman, 2004). Yet, other studies have found no change in
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older adults’ memory performance after reading articles about positive outcomes in aging
(Hess et al., 2003; Horton et al., 2010). What can account for these mixed results? First, it
is more difficult to obtain effects with positive age stereotypes. A meta-analysis of the
behavioral outcomes (e.g., memory, self-perception) of positive and negative age
stereotypes found that negative effects were almost three times larger than positive
effects compared to a neutral referent (Meisner, 2012). Due to the strong quality and
greater availability of negative age stereotypes, it may be that they require a much lower
threshold for activation compared to their positive counterparts. Second, it is unclear how
positive these interventions are in practice—some studies use stimuli that reiterate
negative stereotypes. For example, the final paragraph in Hess and colleagues’ (2003)
article about positive aging and memory findings says:
Findings such as these continue to damage our mostly negative conceptions of the
effects of aging on metal abilities. Rather than supporting the view that biological
changes lead to inevitable losses, these findings suggest that the degree of
memory loss is to a certain extent dependent upon the environment.
In instances such as these, any effect the positive information may have is most likely
overshadowed by the negative information that surrounds it. Finally, the format of the
positive intervention varies widely across studies. Sometimes participants see several
articles describing positive age information (e.g., Hess et al., 2003; Fresson et al., 2017)
and other times they receive instructions about how their knowledge and experience will
help them with the following task (e.g., Hehman & Bugental, 2013; Popham & Hess,

2015). It is unclear which format is most effective for yielding performance benefits in

older individuals. Taking these factors into account, it is understandable why there is
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limited evidence of how effective positive age stereotypes are in improving the memory
performance of older adults.

In the present study, we designed a new positive age stereotype intervention. We
used the results of Chapter 3 to demonstrate the older adult knowledge advantage. Social
comparison with younger adults in a positively stereotyped domain has been shown to
boost older adult cognitive performance (i.e., timed crossword accuracy, Swift et al.,
2013). Thus, our intervention materials highlight the fact that younger adults expect older
adults to outperform them in knowledge contexts. As pictures are better remembered
compared to words (Mintzer & Snodgrass, 1999) and have the potential to further boost
older adults’ memory (Cherry et al., 2003), our intervention includes images that
corresponded to the text. Finally, research has shown that older adults are sensitive to the
self-relevance of tasks and use that as a determining factor when selectively engaging
their cognitive resources (Hess, 2014). Accordingly, we increased the self-relevance of
the intervention by asking participants to describe a time when they successfully
demonstrated their knowledge to a younger person. We predicted that these factors would
be successful in motivating older adults. Research has shown that older adults who are
motivated expend more effort on cognitive tasks (Ennis et al., 2013) and demonstrate
better memory performance (Hess et al., 2009; Hess et al., 2018). Thus, we hypothesized
that participants would recall more words in the intervention condition compared to the
control condition (where participants read neutral materials about an everyday

occurrence).
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4.2 Method

4.2.1 Participants

One hundred and sixty three older adults were recruited through Prolific. All
participants were U.S. residents, had completed at least 100 previous assignments on the
platform, and had an approval rate greater than 90%. Seventeen participants were
excluded from the analyses for cheating (i.e., writing down the words during the
encoding phase) and 1 participant was excluded for failing the attention check at the end
of the study (see below for details). Thus, data was analyzed from the remaining 145
individuals (Mage = 69.63, SD = 4.08, range = 65-85, 82 female, 93.1% White, 4.1%
African American, 2.1% Hispanic/Latinx, .7% American Indian). See Table 4. This
sample size was calculated in G*Power to be able to identify medium effects of condition
(d =.05) with 0.85 power using an a of .05. This study was approved by the Duke
University Campus Institutional Review Board (Protocol #2023-0168: Elements of Word

List Recall).
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Table 4: Participant Demographics

The intervention and control groups do not differ from one another in
regards to these demographics.

Intervention Condition Control Condition
Number of participants 74 71
Age (SD) 69.76 (3.89) 69.49 (4.29)
% Female 52.7% 60.6%
% White 94.6% 92.9%
Average years of 15.30 (2.08) 15.52 (2.25)

education (SD)

4.2.2 Materials

Word Lists. Categorized word lists are commonly used as stimuli in studies that

investigate positive age stereotype interventions (e.g., Hess et al., 2003; Horton et al.,

2010; Andreoletti & Lachman, 2004). Thus, two lists of 16 words were curated from an

expanded version of Battig and Montague’s 1969 norms (Overschelde et al., 2004). Each

list contained four words from four different categories (e.g., military titles, precious

gems, kitchen utensils, human dwellings). Lists were matched on word length, proportion

of participants who gave the normed response, category potency (i.e., average number of

exemplars generated for a category), and YA/OA similarity (i.e., degree of similarity

between younger and older adults’ normed category responses). In order to eliminate the
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possibility of guessing, the most popular categories and the most common exemplars of a
category were not used. During the study, words were shown in a random sequence (i.e.,
not grouped by category) and we counterbalanced the order in which each list was
presented.

Distractor Task Images. Two sets of 20 freely available images were curated from
pixabay.com for a distractor task between word list presentation and free recall. The
images were abstract; colors were mixed in mosaic, kaleidoscope, and prismatic patterns.

Intervention Materials. These stimuli were based on Chapter 3’s study and results
(see Figure 7). Four slides detailed the context of the study and main result — that younger
and older adults recognize that older adults have a knowledge advantage. Images were
included to facilitate understanding and increase engagement with the information.
Afterward, to enhance the personal relevance of the positive stereotype information, we
asked participants to 1) describe a time when they successfully demonstrated their
knowledge to someone younger than themselves and 2) consider how thinking about such

a success could help when approaching new challenges.
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In a previous experiment, younger and older adult
participants were asked to estimate how many general
knowledge questions younger and older adults would be

able to answer correctly.
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Figure 7: Intervention Condition Stimuli

Control Materials. Participants in the control condition read four slides about
yawning and why it is contagious (Gupta & Mittal, 2013). See Figure 8. We chose the
topic of yawning because 1) it is something everyone is familiar with and might be
curious about and 2) it has no connection to knowledge, skill, or stereotypes. The slides
included images as well in order to match the intervention materials. Afterward, we asked
participants to explain their thoughts and opinions about the yawning explanation that

was given.
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Yawning, the involuntary wide opening of the mouth Yawning is known to have a contagious effect. Thus, one

followed by a deep inhalation and exhalation of breath,isa  theory contends that the action is linked to empathetic skills
common occurrence in everyday life. However, its cause and  healthy people.

purpose is still a mystery. Scientists have debated several
theories over the years.
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Given that humans and monkeys are social creatures that susceptible to cor)tagious yawning. For c.axample, Wh?"
live in groups, yawning may have evolved as a way to shown yawning videos, people with autism are less likely
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Figure 8: Control Condition Stimuli

4.2.3 Procedure

After providing informed consent, participants completed demographic
information about their age, sex, education level, ethnicity, and subjective memory. Next,
they completed the first of two memory blocks. Each memory block contained 1) a
motivation rating, 2) a word list, 3) a distraction task, and 4) a free recall task.
Participants rated their motivation to learn and remember the upcoming word list on a
scale from “I - Not motivated at all” to “5 - Extremely motivated”. Then, they saw a
series of 16 words presented one at a time for two seconds each. Next, they completed a
one minute distracter task where they rated the pleasantness of abstract images on a scale

from one to five. Finally, participants had one minute to recall as many words as they
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could remember from the previously shown word list. Sixteen text boxes were displayed
and participants were able to type in the words they remembered in any order. They were
instructed not to guess.

After the baseline memory block, participants saw either the intervention or
control condition materials. Upon finishing, they completed the second memory block. At
the conclusion of the study, participants were asked whether they wrote down any of the
words during the encoding phase and whether they “paid attention, avoided distractions,
and took the study seriously”. Participants were assured that their responses to either
question would not affect their payment or eligibility for future studies. Only those
participants who selected “no” to the cheat question and “yes” to the attention question
were included in the analyses. Finally, participants were compensated for their

participation directly through Prolific.

4.3 Results

On average, participants remembered 43.4% (SD = 16%) of words at baseline and
45.1% (SD = 17%) of words after viewing the intervention and control materials.
Participants subjectively rated their memory as moderately good on a scale from 1-4 (M=
2.68, SD = .61) and were highly motivated (on a scale of 1-5) throughout the study
regardless of condition (baseline: M= 4.32, SD = .73; post: M= 4.30, SD = .74; #(144) =

446, p = .656, d = .042). See Table 5.

68



Table 5: Memory Performance and Motivation Results

Maximum number of words to be recalled was 16.

Intervention Condition Control Condition
Baseline Post- Baseline Post-
Intervention Control
# of words recalled 6.8 7.3 7.1 7.2

(proportion recalled)  (42.7%) (45.4%) (44.2%)  (44.7%)

Motivation (SD) 430 (.74)  430(.72)  4.34(74) 4.31(77)

To evaluate the degree of memory change between experimental blocks, we
computed participants’ difference score by subtracting Block 1 performance from Block
2. Then, we computed an ANOVA, with difference score as the dependent variable and
condition as the independent variable (Model 1). The effect of condition was non-
significant (F(1, 143) = .933, p = .336, 5> = .006; See Figure 9). This effect remained
non-significant after controlling for motivation and subjective memory (F(1, 140) = 1.05,

p =308, 12 = .007).
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Figure 9: Difference Scores by Condition

Participants’ difference scores did not differ between control (left) and
intervention (right) groups.

Given the numerical increase in memory performance for intervention
participants and maintenance of memory performance for control participants, we more
closely examined the difference score data. We found that 53% of participants (compared
to 43% in the control condition) remembered more words after viewing the positive
stereotype intervention. As it appears the intervention was helpful for certain individuals,

we performed exploratory analyses to investigate what factors might be related to this
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improvement. Past studies have found performance differences between younger-old and
older-old adults (Hess & Hinson, 2006) and those with lower and higher levels of
education (Andreoletti & Lachman, 2004), so we subdivided the data based on those
factors (see Table 6). The distributions of those factors appeared bimodal, so we split age
at 70 years old and education between those with less than and more than a college
degree. More specifically, younger-old ages ranged from 65 to 69, while older-old ages
ranged from 70 to 85. Years of education for the lower group included high school and
some college, while the higher group included bachelor’s, master’s, and doctoral degrees.
These split points are consistent with those used in the studies listed above. To evaluate
the impact of these factors on memory performance, we computed an ANOVA, with
difference score as the dependent variable and condition, age group (younger-old, older-
old), and education level (lower, higher) as fixed factors (Model 2). The main effect of
condition remained non-significant (F(1, 137) = .225, p = .636, > = .002). However,
there was a significant three-way interaction between condition, age group, and education
level (F(1, 137) = 4.49, p = .036, *> = .031). This interaction remained significant after
controlling for motivation and subjective memory (F(1, 134) = 5.21, p = .024, n* = .036;

Model 3). All other main effects and interactions were non-significant (see Table 7).
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Table 6: Age Group and Education Level Factors

Age Group Education Level
Younger-Old  Older-Old Lower Higher
Number of participants 80 65 65 80
Age (SD) 66.6 (1.5) 73.4(2.9) 68.6 (3.6) 70.4 (4.3)
Average years of 149 (2.1) 16.0 (2.1) 13.4 (.92) 17.0 (1.4)

education (SD)
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Table 7: Full ANOVA Results

" denotes the significant three-way interaction

Model 1 Model 2 Model 3
F__ p 7 F p n F p n
Condition 933 336 .006 225 .636 .002 228 .634 .002
Age Group - - - 122 727 .0008 .086 769 .0006
Education
Level - - - .092 762 .0006 171 .680 .001
Condition
* Age - - - 1.07 304 .007 1.21 273 .008
Group
Condition
* - - - 1.13 291 .008 710 401 .005
Education
Level
+ ..
Condition
* Age
Group * - - - 4.49 .036 .031 5.21 .024 .036
Education
Level
Baseline
Motivation - - - - - - 1.48 226 .010
Post
Motivation -- -- - - -- - 2.24 137 .015
Subjective
Memory - - - - - - 913 341 .006

To further explore the three-way interaction, we analyzed the younger-old and

older-old data separately. An ANOVA with difference score as the dependent variable
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and condition and education level as fixed factors revealed a significant condition by
education level interaction for the younger-old adults (F(1, 76) = 6.91, p = .010, > =
.081) but not the older-old adults (F(1, 61) = .423, p = .518, > = .007). See Figure 10.
Post-hoc analysis with Tukey correction revealed this result was driven by a significant
difference between lower education participants in the intervention versus control
condition (¢ =-2.89, p = .025, 95% CI = [-3.56, -.169]). This suggests that the positive
stereotype intervention was most effective for improving the memory performance of

younger-old adults with lower levels of education.
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Figure 10: Difference Scores by Age Group and Education Level

Participants’ difference scores (with standard error bars) subdivided by
younger-old and older-old adults. There was a significant interaction between
condition and education level in the younger-old adults (left), such that participants
with lower education remembered more words in the intervention condition
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compared to the control condition. This interaction was not significant in older-old
adults (right).

4.4 General Discussion

This study investigated whether positive age stereotypes could boost older adults’
memory performance on a word recall task. While the intervention was not successful in
significantly improving older adults’ memory overall, it did help a specific subset of
participants—younger-old adults with lower levels of education. On average, these
participants remembered 7% more words on their second memory test.

These results are generally in line with the extant literature. Hess & Hinson
(2006) found that younger-old participants had numerically (but not significantly) higher
memory performance in the positive stereotype condition compared to the negative
stereotype condition. In contrast, younger-old participants’ memory declined significantly
in the negative stereotype condition. No such memory improvements or declines were
observed in the older-old participants. This pattern of results was replicated in Hess,
Hinson, and Hodges (2009): the stereotype threat manipulation was the most detrimental
for participants aged 60-70 years old. Researchers believe that the salience of the
stereotyped group “older adult” may be particularly high for those in their sixties because
they recently entered the group themselves, whereas this group label may be less salient

to those over 70. Relatedly, self-related salience of social categories has been linked to

stronger stereotype-based effects on performance (Shih et al., 2002).
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In terms of education level, Andreoletti and Lachman (2004) found that older
adults with higher education (bachelor’s degree and higher) recalled more words than a
similarly educated control group after reading counterstereotype information about aging
(e.g., told there were no age differences between younger and older adults on the given
memory test). However, those with lower education (less than a bachelor’s degree)
recalled fewer words after reading stereotype and counterstereotype information about
aging. The researchers attributed this to participants with higher education self-reporting
greater beliefs in their memory ability. These beliefs protected these older adults from
negative stereotypes and allowed them to use the counterstereotype information to their
advantage. On the other hand, participants with lower education had diminished beliefs in
their memory ability, which likely made any mention of aging stereotypes more salient
and consequently more detrimental to memory performance.

These education level results are not entirely contradictory to our results. The
aforementioned work used stereotypes related to memory and aging, while our
intervention used stereotypes related to knowledge and aging. It is possible that
participants with a higher education already have greater beliefs in their knowledge, so
this intervention may not be surprising or particularly motivating for them. On the other
hand, participants with a lower education may have lower confidence in their knowledge,
so this intervention may be especially encouraging and suggestive of membership in a
group they previous thought precluded them. While our measures of subjective memory

and motivation did not explain our results, we can speculate that the salience of “older
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adulthood” and focus on knowledge improvements were particularly effective for
boosting the memory performance of younger-old adults with lower education.

The current work included several limitations that should be addressed in future
studies. First, the participant population was 93% White. It is possible our results may
differ among more diverse populations. For example, there are cultural differences in
how older adults are viewed (e.g., more positively in Asian cultures; Lockenhoff et al.,
2015). These cultural differences may impact the effectiveness of our intervention. Thus,
increasing the diversity of our sample would greatly improve the generalizability of our
results. Second, our main findings were exploratory; it may be that we overanalyzed the
data and obtained a spurious effect. Further work needs to be done to ensure replicability.
Finally, our manipulation was not successful in increasing motivation. Participants were
equally motivated after viewing the intervention and control materials. It is likely that
participants in the study were highly intrinsically motivated at the outset. Older adults
who participate in cognitive studies are motivated to do well in order to further science
and get a general sense of their cognitive health (Ryan & Campbell, 2021). Thus, we
were unable to identify the mechanism by which older adults improved their memory
performance.

Looking forward, we plan to run an additional study to help answer our open
questions. First, we will recruit equal proportions of younger-old and older-old adults and
participants with lower and higher levels of education to evaluate the replicability of our
results. Similar results in a larger sample would suggest that our findings are reliable.

Next, we will investigate the mechanism(s) by which positive age stereotypes improve
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memory performance. Participants’ subjective rating of their own memory and level of
motivation did not explain the results in our study. We believe anxiety and self-efficacy
may be playing a role instead. Our positive intervention could be lessening the effects of
inherent negative stereotypes and reducing participants’ apprehension toward the
memory task. In a recent study, participants who read positive aging information reported
decreased anxiety and increased peacefulness compared to control participants (Levy et
al., 2022). Additionally, the positive intervention could be enhancing confidence by
improving older adults’ beliefs in their own abilities. Hess & Hinson (2006) found that
participants whose self-efficacy beliefs (e.g., beliefs about memory ability and potential
for improvement) became more positive had better recall than those whose beliefs
became more negative. Our follow-up study will more carefully evaluate these possible
cognitive mechanisms.

While the positive stereotype intervention was not effective for all older adults,
the results suggest that this type of intervention is most beneficial when tailored to
specific populations. In the public health domain, tailored health messaging has been
shown to be more effective than non-tailored messaging in influencing health behavior
change (e.g., smoking cessation, adoption of a healthy diet; Noar et al., 2007). For
example, one study aimed to improve the diets (i.e., decrease fat intake and increase fruit
and vegetable intake) of family practice patients (Campbell et al., 1994). Participants
completed a baseline survey that evaluated their dietary intake, readiness to change their
diet, and self-efficacy, and tailored nutrition packets were mailed to the intervention

group based on their survey results. The tailored packets included items such as diet
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profile summaries, personalized recipes, and specific diet tips designed to promote skills
and action. A comparison group received generic nutrition information and the control
group received no nutrition information. The researchers found that the tailored
intervention materials were better remembered, and participants in that condition
significantly decreased their fat intake compared to those in the comparison and control
groups. This approach can be applied to positive stereotype interventions as well. More
work needs to be done to determine what factors resonate with different subsets of older
adults and facilitate memory improvement. However, once clarified, this knowledge

could help improve how we interact and communicate with the older population.
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5. Conclusions

From ““antiaging” face creams to wisecracking birthday cards about

getting older to “OK, boomer” memes, the message is clear: Being old is

something to avoid. Never mind that, if we have the good fortune to live a long

life, inaccurate stereotypes about aging will harm all of us.
--Kirsten Weir

This quote from a recent Monitor on Psychology article perfectly encapsulates
society’s general attitude towards aging—it’s a period of decline, that while inevitable, is
best to be avoided or prevented for as long as possible. These views have harmful
consequences that ultimately impact how older adults are treated and how they view
themselves. Thus, in an effort to change the narrative surrounding older adulthood, this
dissertation highlights some of the positive aspects of healthy aging.

Chapter 2 investigates older adults’ use of classic heuristics proposed by
Kahneman and Tversky like anchoring and availability. While previous work suggested
older adults may be more reliant on these shortcuts (Peters et al., 2000), I found that older
adults were just as likely as middle aged and younger adults to use anchoring,
availability, recognition, and representativeness when making decisions. For example,
age did not impact how often participants chose the more familiar options of a pair (e.g.,
choosing Dublin over Minsk as the more populous city because it is better recognized).
As accrued knowledge about the world plays a role in all of these heuristics, it is not
surprising that we found no evidence of age differences. This work highlights older

adults’ preserved use of cognitively efficient decision-making strategies and further

demonstrates that semantic knowledge remains intact throughout older adulthood.
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Chapter 3 explores people’s beliefs about aging and knowledge. I found that
people of all ages predicted older adults would outperform younger adults on tests of
general knowledge and vocabulary, even in cases where the information is trivial (e.g.,
“What is the capital of France?”). I also found that when people think about others’
knowledge, they consider their own knowledge as well as the age of the target individual.
In terms of metacognition, this work extends the literature and demonstrates that age is
used as an additional cue when people make judgements about the abilities of others.
More generally, these findings highlight that older adults have a knowledge advantage
that is recognized by younger and older adults alike.

Chapter 4 applies the positive age stereotype about knowledge and uses it in an
intervention to boost older adults’ memory performance. I found that this positive
intervention successfully improved the recall of a subset of participants — 65 to 69 year-
olds with lower levels of education. This work highlights that positive stereotypes of
aging have positive behavioral consequences and suggests that individuals should tailor
their messaging in order to reach different facets of the older population.

While these studies weren’t designed to interrogate a specific theoretical concept,
they still have implications for psychosocial theories of aging. Such theories have
undergone many changes over the years. Earlier models posited the aging process as a
period of either disengagement, activity, or continuity. In disengagement theory, older
individuals gradually and mutually retreat from society, just as society retreats from the
individual. This disengagement process is rewarding and necessary for older adults to
improve their psychological well-being and for society to avoid disruptions related to

older adults’ decline and eventual death (Cumming & Henry, 1961). Fortunately, this
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theory was not regarded for long and other researchers pushed back with activity theory,
which suggests that people experience greater life satisfaction when they maintain their
social activities and roles as they enter older adulthood (Havighurst, 1961). This idea was
further elaborated upon in the continuity theory. According to this idea, older adults
typically maintain the same behaviors, preferences, and relationships they did from
earlier in their lives. However, their degree of life satisfaction depends on the amount of
continuity between their former and current selves as well as their ability to adapt to the
challenges of aging by substituting old activities with new ones (Atchley, 1989).

This early work was important for conceptualizing how we as a society think
about age. However, it focused on the manner in which older adults maintained
satisfaction in their lives instead of offering concrete evidence or suggestions on how to
live healthy and fulfilling lives. Accordingly, the concept of successful aging has become
more popular in recent years. Successful aging is defined as the ability to maintain a low
risk of disease-related disability, high mental and physical function, and active
engagement with life (Rowe & Kahn, 1997). There are many determinants of successful
aging, including autonomy, self-efficacy, physical and mental health, social functioning,
longevity, purpose in life, motivation, and personal growth (Franklin & Tate, 2009). The
findings I present in this dissertation directly impact many of these elements of successful
aging. Older adults aren’t overly reliant on shortcuts when making decisions and continue
to use cognitive efficient strategies like their younger counterparts. This demonstrates
that they are autonomous and capable of making their own decisions. Older adults are
also more knowledgeable and can pass on their expertise to younger generations. This

contributes to an older adult’s conception of their purpose in life. Finally, interventions
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that highlight older adults’ abilities have the potential to influence their self-efficacy,
which can in turn lead to higher memory performance. Highlighting the positive aspects
of healthy aging ultimately improves older adults’ self-perceptions and helps ensure they

age successfully.

5.1 Future Directions

The catalogue of positive aspects I have discussed throughout this dissertation is
by no means exhaustive. There are several other skills and capabilities that improve or
are maintained into older adulthood. Thus, there are numerous opportunities for further
research. For example, people generally become more prosocial as they age—charitable
giving and volunteering become more prevalent across adulthood until around age 70
(Freund & Blanchard-Fields, 2014). In one fMRI study, participants from across the
lifespan passively viewed money transfers to either themselves or charity. Researchers
found that older adults were more likely than younger adults to demonstrate reduced
reward activity to self-gains and increased reward activity to charity gains (Hubbard et
al., 2016). Older adults even show more prosociality in terms of physical effort. On a task
where participants could earn points for themselves or someone else based on how much
force they exerted on a hand grip task, older adults put the same amount of effort into
both tasks, while younger adults were more selfish and put more effort into the task
where they received the points (Lockwood et al., 2021). Given this increase in
prosociality, I designed a study that investigated whether older adults would recall more
words when earning money for a charity or a close personal other (e.g., friend, relative).

Data collection is ongoing, but the preliminary results found that younger and older

83



adults in the prosocial condition recalled more words than those in the control condition
(where no additional money was earned). This work offers another promising avenue for
boosting older adults’ memory performance.

As we have previously seen, decision making is another capacity that generally
improves or is maintained across the lifespan. However, there are some instances where
older adults’ decision making abilities are lacking (e.g., in complex choice environments
that require the application of various decision strategies; Mata et al., 2010). Does this
dichotomy affect what older adults think about their decision making ability? Research
on this issue is relatively sparse and has mixed results. Lockenhoff and Carstensen (2007)
measured participants’ self-efficacy in making various health-related choices on a scale
from 1-7. They found that older adults were confident in their abilities and rated
themselves almost a full point higher than younger adults on the measure. However,
Finucane and Gullion (2010) used a similar decision self-efficacy measure and found no
difference between younger and older adults’ responses. Finally, Bruine de Bruin and
colleagues (2012) asked participants “What percentage of other people do you think are
worse decision makers than you?”. They found a negative relationship between age and
self-ratings of decision making competence that was mediated by fluid cognitive ability.
However, this relationship did not remain significant after controlling for gender,
education, and SES. Thus, it is unclear how older adults view their decision making
abilities. As there is some evidence that low decision-making self-efficacy negatively
impacts decision performance (Strough et al., 2015), more research is needed to clarify

this issue. Further investigation could ultimately inform decision making self-efficacy
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interventions and boost older adult’s decision making performance, especially in tasks
not conducive to their abilities.

Thinking more broadly, the purported “file drawer” could potentially hold
additional findings regarding aging and cognition. Franco and colleagues (2014) explored
the publication bias and analyzed 221 studies from the Time-sharing Experiments for the
Social Sciences (TESS) database. This is a NSF-funded program in which researchers
propose survey-based experiments (that are rigorously peer-reviewed) to be run on a
nationally representative adult sample. They found only 20% of studies with null findings
were published compared to 60% and 50% of studies with strong and mixed results,
respectively. Critically, 65% of studies with null results weren’t written up at all. The
authors soon followed up with some of the researchers; while they personally thought
their results were interesting, they abandoned the project because they believed it had no
publication potential. In a similar vein, there are anecdotal accounts of cognitive aging
researchers failing to secure publications in top aging journals due to null age group
differences (Isaacowitz, 2020). This presents a problem: if potentially meaningful null
age effects are missing from the literature, the magnitude of published age differences
could be overestimated. Thus, researchers should be more cautious before discarding a
null effect of aging. Instead of automatically labeling it a failure, they should view it as

an opportunity to grow the field and highlight a preserved aspect of cognition.

5.2 Significance
This dissertation has shed light on just a few of the many positive aspects of
healthy aging. Older adults continue to use cognitively efficient decision strategies and

demonstrate a knowledge advantage over younger adults. Furthermore, if they are
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reminded of this advantage, they can potentially remember more words during a memory
test. While negative views of aging are still dominant in our society, several
organizations are making an effort to change the status quo. In 2020, the American
Psychological Association adopted a new Resolution on Ageism. It recognizes age as a
risk factor for discrimination, encourages further inclusion of aging in curricula across all
levels of psychological training, and advances a more productive public narrative about
the benefits of living longer (APA, 2020). Relatedly, the Gerontological Society of
America leads the Reframing Aging Initiative. This enterprise is a long-term social
change endeavor designed to improve the public’s understanding of aging and the many
ways in which older adults contribute to society. Some of their aims include training
facilitators to broadly disseminate positive aging concepts and spearheading the adoption
of bias-free language regarding aging (e.g., using “older adults” instead of “elderly”;
Weir, 2023). With the concerted efforts of initiatives such as these and empirical studies
such as the ones I presented in this dissertation, I am confident that the aging narrative
will be changed with time.

Ultimately, I hope my work will contribute to increasing older adults’ positive
beliefs about aging. Internalized aging beliefs can influence a person’s health and well-
being. For example, older adults who have more negative views of aging experience
higher levels of stress (Levy et al., 2016) and are less likely to engage in healthy
behaviors like staying active or taking their medications (Levy & Meyers, 2004). On the
other hand, older adults who hold more positive beliefs about aging are more protected

against dementia (Levy et al., 2018), recover faster from disease (Levy et al., 2006), and
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live longer lives (Levy et al., 2002). Thus, promoting and highlighting the positive
aspects of healthy aging is the necessary first step in improving the lives of the older

population.
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Appendix A: Heuristic Scenarios

Anchoring
Scenario Low High Source
Anchor Anchor
Is the height of the tallest 65 500
redwood tree less than or
greater than __ feet? Adapted from “A

literature review of the
Is the length of the MlSSlSSlppl 200 20,000 anchoring effect” by A.

River greater than or less than Furnham & H.C. Boo

__miles? (2011), Journal of Socio-

Economics, 40(1), p. 36
Is the gestation period of an 12 32

African elephant less than or
greater than  months?
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Availability

Scenario Option 1 Option 2 Source

Suppose one samples a word

(of three letters or more) at Word .
. : R is the
random from an English text.  starts with . “Judgment under
! . third letter : A
Which of the followmg 1S more R uncertainty: Heuristics
likely? and biases” by A.
Tversky & D.
Suppose one samples a word Kahneman (1974),
(of three letters or more) at Word Science, 185(4157), p.
random from an English text. ; rtor h K is the 1127
Which of the following is more SHIES WL third letter
i K
likely?
Adapted from “The
effects of construal
Now you will see a list of level on heuristic
names one by one* reasoning: The case of
Women's Men's  representativeness and
Did the list we just presented names names availability” by J.N.
contain more ? Braga, M.B. Ferreira &

S.J. Sherman (2015),
Decision, 2(3), p. 222

Note. *The list contained an equal number of male (Thomas Anderson, Richard Miller,
David Beckham, Michael Jordan, George Clooney, Brad Pitt, Chris Brown, Paul Jones)
and female names (Jennifer Moore, Elizabeth Clark, Barbara Smith, Linda Johnson,
Britney Spears, Sarah Wilson, Louise Martin, Sandra Murphy).
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Recognition

Scenario Option 1 Option 2 Source
Which illness has the Spotted Fever
higher annual incidence in ~ Rickettsiosis Malaria

the United States?

Which illness has the

higher annual incidence in Tet Lentopirosi

the United States? etanus cpIOPITOsS Adapted from
“Cognitive aging and

Which illness has the the adaptive use of

higher annual incidence in recognition in

the United States? Shigellosis E. coli decision making” by
T. Pachur, R. Mata,

Which Mexican city has & L.J. Schooler

the higher population? Cancun Ecatepec (2009), Psychology
and Aging, 24(4), p.

Which European city has 904

the higher population? Minsk Dublin

Which African city has the

higher population? Cape Town Abidjan

Representativeness

Linda Problem (from “Extensional versus intuitive reasoning: The conjunction fallacy
in probability judgment” by A. Tversky & D. Kahneman (1983), Psychological Review,
90(4), p. 299)

Linda is 31 years old, single, outspoken and very bright. She majored in philosophy. As a
student, she was deeply concerned with issues of discrimination and social justice, and
also participated in anti-nuclear demonstrations.

Which is more probable?
Linda is a bank teller
Linda is a bank teller and is active in the feminist movement
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Base Rate Problem (from “On the psychology of prediction” by D. Kahneman & A.
Tversky (1973), Psychological Review, 80(4), p. 237)

A panel of psychologists have interviewed and administered personality tests to 30
engineers and 70 lawyers, all successful in their respective fields. On the basis of this
information, descriptions of the 30 engineers and 70 lawyers have been written. Below,
you will find one of those descriptions, chosen at random from the 100 available
descriptions.

Jack is a 45-year-old man. He is married and has four children. He is generally
conservative, careful, and ambitious. He shows no interest in political and social issues
and spends most of his free time on his many hobbies which include home carpentry,
sailing, and mathematical puzzles.

What is the probability that Jack is an engineer (0-100%)?

Marble Problem (from “Subjective probability: A judgment of representativeness” by
D. Kahneman & A. Tversky (1972), Cognitive Psychology, 3(3), p. 434)

Five children (Alan, Ben, Carl, Dan, and Ed) are playing a game. On each round, 20
marbles are distributed at random among them. Consider the following distributions:

A:4,4,5,4,3
B:4,4,4,4,4
In many rounds of the game, will there be more results of Distribution A or
Distribution B?

Sunk Cost Fallacy

Adapted from “Getting older isn’t all that bad: Better decisions and coping when facing
’sunk costs’ by W. Bruine De Bruin, J. Strough & A. Parker (2014), Psychology and
Aging, 29(3), p. 645 and “No time to waste: Restricting life-span temporal horizons
decreases the sunk-cost fallacy” by J. Strough, L. Schlosnagle, T. Karns, P. Lemaster, &
N. Pichayayothin (2014), Journal of Behavioral Decision Making, 27(1), p. 89

You have driven halfway to a vacation destination. Your goal is to spend time by
yourself. You feel sick. You feel that you would have a much better weekend at home.
You think that it is "too bad" you already drove halfway, because you would much rather
spend the time at home. Please think about what you would do if you were in this
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situation. Would you be more likely to stick with your plans (1) or to cancel your
plans (6)?

After a large meal at a restaurant, you order a big dessert with chocolate and ice
cream. After a few bites, you find you are full and you would rather not eat any more of
it. Would you be more likely to eat more (1) or to stop eating it (6)?

You have been working on a project related to one of your hobbies. Lately, you
have lost interest in the project. Whenever you work on it, you are bored and wish that
you were doing something else. You must decide what to do. Would you be more likely
remain committed to the project (1) or stop working on it (6)?
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Appendix B: Knowledge Tests

General Knowledge

Easy Questions Answers

What is the capital of France? Paris

What is the name of the supposedly unsinkable ship that sunk on its  Titanic
maiden voyage in 19127

What is the name of the molten rock that runs down the side of a Lava
volcano during an eruption?

What is the name of the long sleep some animals go through during  Hibernation
the entire winter?

What is the name of the severe headache that returns periodically and Migraine
often is accompanied by nausea?

What is the last name of the author who wrote “Romeo and Juliet”?  Shakespeare

What is the name of the remains of plants and animals that are found Fossil
in stone?

What is the rubber object that is hit back and forth by hockey Puck
players?

What precious gem is red? Ruby
What is the name of a dried grape? Raisin
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Medium Questions

Answers

What is the name of the legendary one-eyed giant in Greek

mythology?

What is the name of the island city believed since antiquity to have

sunk into the ocean?

What is the name of the lizard that changes its color to match the

surroundings?

Which sport is associated with Wimbeldon?

What is the name of a dried plum?

In what sport is the Stanley Cup awarded?

What is the name of the ship that carried the pilgrims to America in

1620?

What is the name of the thick layer of fat on a whale?

What is the name of the navigation instrument used at sea to plot
position relative to the magnetic north pole?

In what park is “Old Faithful” located?

Cyclops

Atlantis

Chameleon

Tennis
Prune
Hockey

Mayflower

Blubber

Compass

Yellowstone
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Difficult Questions Answers

What island is the largest in the world excluding Australia? Greenland
What is the name of the lightest wood known? Balsa
What is the last name of the artist who painted “Guernica”? Picasso

In which city is the U.S. Naval Academy located? Annapolis
What is the name of the small Japanese stove used for outdoor Hibachi
cooking?

What is the name of the North Star? Polaris
Which country was the first to use gunpowder? China
What is the name of the furry animal that attacks cobra snakes? Mongoose
What sport uses the terms “stones” and “brooms”? Curling

What was the name of the zeppelin that exploded in Lakehurst, NJ in Hindenburg
19377
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Vocabulary

Medium Words Difficult Words
Opulent Capricious
Amicable Acerbic
Superfluous Fetid
Boisterous Droll
Intrepid Bucolic
Camaraderie Demur
Abdicate Gossamer
Jubilation Urbane
Vindicate Indolence
Corroborate Laconic

96



References

Agarwal, S., Driscoll, J. C., Gabaix, X., Laibson, D., & Papers, B. (2009). The age of
reason: Financial decisions over the life cycle and implications for regulation.
Brookings Papers of Economic Activity, 51-117. https://doi.org/10.1353/eca.0.0067

American Psychological Association. (2020). Resolution on Ageism.
https://www.apa.org/about/policy/resolution-ageism.pdf

Andreoletti, C., & Lachman, M. E. (2010). Susceptibility and Resilience to Memory
Aging Stereotypes: Education Matters More than Age. Experimental Aging
Research, 30(2), 129—-148. https://doi.org/10.1080/03610730490274167

Arkes, H. R., & Blumer, C. (1985). The psychology of sunk cost. Organizational
Behavior and Human Decision Processes, 35(1), 124—-140.
https://doi.org/10.1016/0749-5978(85)90049-4

Atchley, R. C. (1989). A Continuity Theory of Normal Aging. The Gerontologist, 29(2),
183-190. https://doi.org/10.1093/GERONT/29.2.183

Baltes, P. B., Staudinger, U. M., & Lindenberger, U. (1999). Lifespan psychology:
Theory and application to intellectual functioning. Annual Review of Psychology.
https://doi.org/10.1146/annurev.psych.50.1.471

Balthazar, M. L. F., Cendes, F., & Damasceno, B. P. (2008). Semantic error patterns on
the Boston Naming Test in normal aging, amnestic mild cognitive impairment, and
mild Alzheimer’s disease: Is there semantic disruption? Neuropsychology, 22(6),
703-7009. https://doi.org/10.1037/A0012919

Barber, S. J. (2017). An Examination of Age-Based Stereotype Threat About Cognitive
Decline: Implications for Stereotype-Threat Research and Theory Development.
Perspectives on Psychological Science. https://doi.org/10.1177/1745691616656345

Barber, S. J., Hamel, K., Ketcham, C., Lui, K., & Taylor-Ketcham, N. (2020). The
Effects of Stereotype Threat on Older Adults” Walking Performance as a Function
of Task Difficulty and Resource Evaluations. Psychology and Aging.
https://doi.org/10.1037/pag0000440

Bates, D., Michler, M., Bolker, B. M., & Walker, S. C. (2015). Fitting linear mixed-

effects models using Ime4. Journal of Statistical Software.
https://doi.org/10.18637/jss.v067.101

97



Ben-David, B. M., Erel, H., Goy, H., & Schneider, B. A. (2015). “Older is always
better”: Age-related differences in vocabulary scores across 16 years. Psychology
and Aging, 30(4), 856-862. https://doi.org/10.1037/PAG0000051

Blanchard-Fields, F., Mienaltowski, A., & Seay, R. B. (2007). Age Differences in
Everyday Problem-Solving Effectiveness: Older Adults Select More Effective
Strategies for Interpersonal Problems. The Journals of Gerontology Series B:
Psychological Sciences and Social Sciences, 62(1), P61-P64.
https://doi.org/10.1093/geronb/62.1.P61

Bowen, C. E., Spuling, S. M., Kornadt, A. E., & Wiest, M. (2019). Young people feel
wise and older people feel energetic: comparing age stereotypes and self-evaluations
across adulthood. European Journal of Ageing. https://doi.org/10.1007/s10433-019-
00548-4

Braga, J. N., Ferreira, M. B., & Sherman, S. J. (2015). The effects of construal level on
heuristic reasoning: The case of representativeness and availability. Decision, 2(3),
216-227. https://doi.org/10.1037/dec0000021

Brannon, L. A., & Carson, K. L. (2003). The representativeness heuristic: influence on
nurses’ decision making. Applied Nursing Research, 16(3), 201-204.
https://doi.org/10.1016/S0897-1897(03)00043-0

Bruine de Bruin, W., Parker, A. M., & Fischhoff, B. (2007). Individual differences in
adult decision-making competence. Journal of Personality and Social Psychology,
92(5), 938-956. https://doi.org/10.1037/0022-3514.92.5.938

Bruine de Bruin, W., Parker, A. M., & Fischhoff, B. (2012). Explaining adult age
differences in decision-making competence. Journal of Behavioral Decision
Making, 25(4), 352-360. https://doi.org/10.1002/bdm.712

Bruine de Bruin, W., Parker, A. M., & Strough, J. N. (2016). Choosing to be happy? Age
differences in “maximizing” decision strategies and experienced emotional well-
being. Psychology and Aging, 31(3), 295-300. https://doi.org/10.1037/pag0000073

Bruine De Bruin, W., Strough, J. N., & Parker, A. M. (2014). Getting older isn’t all that
bad: Better decisions and coping when facing *sunk costs’. Psychology and Aging,
29(3), 642—647. https://doi.org/10.1037/A0036308

Buhrmester, M. D., Talaifar, S., & Gosling, S. D. (2018). An evaluation of Amazon’s

Mechanical Turk, its rapid rise, and its effective use. Perspectives on Psychological
Science, 13(2), 149-154. https://doi.org/10.1177/1745691617706516

98



Burke, D. M., & Yee, P. L. (1984). Semantic priming during sentence processing by
young and older adults. Developmental Psychology, 20(5), 903-910.
https://doi.org/10.1037/0012-1649.20.5.903

Burr, D. A., Castrellon, J. J., Zald, D. H., & Samanez-Larkin, G. R. (2021). Emotion
dynamics across adulthood in everyday life: Older adults are more emotionally
stable and better at regulating desires. Emotion, 21(3), 453—-464.
https://doi.org/10.1037/EMO0000734

Campbell, M. K., DeVellis, B. M., Strecher, V. J., Ammerman, A. S., DeVellis, R. F., &
Sandler, R. S. (1994). Improving dietary behavior: the effectiveness of tailored
messages in primary care settings. American Journal of Public Health, 84(5), 783—
787. https://doi.org/10.2105/AJPH.84.5.783

Carstensen, L. L. (2006). The influence of a sense of time on human development. In
Science. https://doi.org/10.1126/science.1127488

Carstensen, L. L., Mikels, J. A., & Mather, M. (2006). Aging and the Intersection of
Cognition, Motivation, and Emotion. In Handbook of the Psychology of Aging.
https://doi.org/10.1016/B978-012101264-9/50018-5

Charles, S. T., & Carstensen, L. L. (2010). Social and Emotional Aging. Annual Review
of Psychology, 61(1), 383-409.
https://doi.org/10.1146/ANNUREV.PSYCH.093008.100448

Charles, S. T., Mather, M., & Carstensen, L. L. (2003). Aging and Emotional Memory:
The Forgettable Nature of Negative Images for Older Adults. Journal of
Experimental Psychology: General. https://doi.org/10.1037/0096-3445.132.2.310

Chen, X., Hertzog, C., & Park, D. C. (2017). Cognitive Predictors of Everyday Problem
Solving across the Lifespan. Gerontology, 63(4), 372-384.
https://doi.org/10.1159/000459622

Cherry, K. E., Dokey, D. K., Reese, C. M., & Brigman, S. (2010). Pictorial Illustrations
Enhance Memory for Sentences in Younger and Older Adults. Experimental Aging
Research, 29(3), 353-370. https://doi.org/10.1080/03610730303720

Cire, B. (2016). World’s older population grows dramatically. National Institute on

Aging. https://www.nia.nih.gov/news/worlds-older-population-grows-
dramatically#:~:text=The world’s older population continues,by 2050 (1.6 billion).

99



Cornelius, S. W., & Caspi, A. (1987). Everyday problem solving in adulthood and old
age. Psychology and Aging, 2(2), 144—153. https://doi.org/10.1037/0882-
7974.2.2.144

Craik, F. I. M., & Bialystok, E. (2006). Cognition through the lifespan: Mechanisms of
change. Trends in Cognitive Sciences, 10(3), 131-138.
https://doi.org/10.1016/j.tics.2006.01.007

Crockett, W., & Hummert, M. L. (1987). Perceptions of aging and the elderly. In K. W.
Schaie (Ed.), Annual Review of Gerontology and Geriatrics (Vol. 7, pp. 217-241).
Springer Publishing Company. https://psycnet.apa.org/record/1988-97081-009

Cuddy, A.J.C. and Fiske, S. T. (2002). Doddering but dear: Process, content, and function
in stereotyping of elderly people. In Ageism. Stereotyping and Prejudice against
Older Persons. https://doi.org/10.1017/CB0O9781107415324.004

Cuddy, A.J. C,, Fiske, S. T., Kwan, V. S. Y., Glick, P., Demoulin, S., Leyens, J. P.,
Bond, M. H., Croizet, J. C., Ellemers, N., Sleebos, E., Htun, T. T., Kim, H. J., Maio,
G., Perry, J., Petkova, K., Todorov, V., Rodriguez-Bailon, R., Morales, E., Moya,
M., ... Ziegler, R. (2009). Stereotype content model across cultures: Towards
universal similarities and some differences. British Journal of Social Psychology,
48(1), 1-33. https://doi.org/10.1348/014466608X314935

Cumming, E., & Henry, W. (1961). Growing old: The process of disengagement. Basic
Books.

Davis, S. D., & Meade, M. L. (2013). Both young and older adults discount suggestions
from older adults on a social memory test. Psychonomic Bulletin and Review.
https://doi.org/10.3758/s13423-013-0392-5

Del Missier, F., Méntyl4, T., Hansson, P., De Bruin, W. B., Parker, A. M., & Nilsson, L.
G. (2013). The multifold relationship between memory and decision making: An
individual-differences study. Journal of Experimental Psychology. Learning,
Memory, and Cognition, 39(5), 1344—1364. https://doi.org/10.1037/A0032379

Eberhardt, W., Bruine de Bruin, W., & Strough, J. (2019). Age differences in financial
decision making: The benefits of more experience and less negative emotions.
Journal of Behavioral Decision Making, 32(1), 79-93.
https://doi.org/10.1002/bdm.2097

Englich, B., Mussweiler, T., & Strack, F. (2006). Playing dice with criminal sentences:
The influence of irrelevant anchors on experts’ judicial decision making. Personality

100



and Social Psychology Bulletin, 32(2), 188-200.
https://doi.org/10.1177/0146167205282152

Ennis, G. E., Hess, T. M., & Smith, B. T. (2013). The impact of age and motivation on
cognitive effort: Implications for cognitive engagement in older adulthood.
Psychology and Aging, 28(2), 495-504. https://doi.org/10.1037/A0031255

Epley, N., Keysar, B., Van Boven, L., & Gilovich, T. (2004). Perspective taking as
egocentric anchoring and adjustment. Journal of Personality and Social Psychology.
https://doi.org/10.1037/0022-3514.87.3.327

Faverio, M. (2022). Share of tech users among Americans 65 and older grew in past
decade. Pew Research Center. https://www.pewresearch.org/fact-
tank/2022/01/13/share-of-those-65-and-older-who-are-tech-users-has-grown-in-the-
past-decade/

Fernandez-Ballesteros, R., Bustillos, A., & Huici, C. (2015). Positive Perception of
Aging and Performance in a Memory Task: Compensating for Stereotype Threat?
Experimental Aging Research, 41(4), 410-425.
https://doi.org/10.1080/0361073X.2015.1053757

Finucane, M. L., & Gullion, C. M. (2010). Developing a tool for measuring the decision-
making competence of older adults. Psychology and Aging, 25(2), 271-288.
https://doi.org/10.1037/A0019106

Finucane, M. L., Mertz, C. K., Slovic, P., & Schmidt, E. S. (2005). Task complexity and
older adults’ decision-making competence. Psychology and Aging, 20(1), 71-84.
https://doi.org/10.1037/0882-7974.20.1.71

Finucane, M. L., Slovic, P., Hibbard, J. H., Peters, E., Mertz, C. K., & MacGregor, D. G.
(2002). Aging and decision-making competence: an analysis of comprehension and
consistency skills in older versus younger adults considering health-plan options.
Journal of Behavioral Decision Making, 15(2), 141-164.
https://doi.org/10.1002/BDM.407

Fleischman, Debra A.,Wilson, Robert S.,Gabrieli, John D. E. ,Bienias, Julia L.,Bennett,
D. A. (2004). A Longitudinal Study of Implicit and Explicit Memory in Old
Persons. Psychology and Aging, 19(4), 617-625.
https://web.s.ebscohost.com/ehost/pdfviewer/pdfviewer?vid=0&sid=c38598c2-b461-
490e-8c7e-b7ab989b1906%40redis

101



Forgas, J. P., & Laham, S. M. (2016). Halo effects. In Cognitive Illusions: Intriguing
Phenomena in Judgement, Thinking and Memory.
https://doi.org/10.4324/9781315696935

Franco, A., Malhotra, N., & Simonovits, G. (2014). Publication bias in the social
sciences: Unlocking the file drawer. Science, 345(6203), 1502—-1505.
https://doi.org/10.1126/SCIENCE.1255484/SUPPL_FILE/FRANCO.SM.PDF

Franklin, N. C., & Tate, C. A. (2009). Lifestyle and Successful Aging: An Overview.
American Journal of Lifestyle Medicine, 3(1), 6-11.
https://doi.org/10.1177/1559827608326125

Fresson, M., Dardenne, B., Geurten, M., & Meulemans, T. (2017). The effect of
stereotype threat on older people’s clinical cognitive outcomes: investigating the
moderating role of dementia worry. The Clinical Neuropsychologist, 31(8), 1306—
1328. https://doi.org/10.1080/13854046.2017.1307456

Freund, A. M., & Blanchard-Fields, F. (2014). Age-Related differences in altruism across
adulthood: Making personal financial gain versus contributing to the public good.
Developmental Psychology, 50(4), 1125—1136. https://doi.org/10.1037/A0034491

Furnham, A., & Boo, H. C. (2011). A literature review of the anchoring effect. Journal of
Socio-Economics, 40(1), 35-42. https://doi.org/10.1016/j.socec.2010.10.008

Galavotti, L., Lippi, A., & Cerrato, D. (2021). The representativeness heuristic at work in
decision-making: Building blocks and individual-level cognitive and behavioral
factors. Management Decision, 59(7), 1664—1683. https://doi.org/10.1108/MD-10-
2019-1464/FULL/PDF

Geurten, M., Willems, S., Germain, S., & Meulemans, T. (2015). Less is more: The
availability heuristic in early childhood. British Journal of Developmental
Psychology, 33(4), 405-410. https://doi.org/10.1111/BJDP.12114

Gigerenzer, G., & Gaissmaier, W. (2011). Heuristic decision making. Annual Review of
Psychology, 62, 451-482. https://doi.org/10.1146/annurev-psych-120709-145346

Greene, N. R., & Naveh-Benjamin, M. (2022). Online experimentation and sampling in
cognitive aging research. Psychology and Aging, 37(1), 72-83.
https://doi.org/10.1037/PAG0000655

Gross, J. J., Carstensen, L. L., Pasupathi, M., Tsai, J., Skorpen, C. G., & Hsu, A. Y. C.
(1997). Emotion and aging: Experience, expression, and control. Psychology and
Aging. https://doi.org/10.1037/0882-7974.12.4.590

102



Grossmann, 1., Na, J., Varnum, M. E. W., Park, D. C., Kitayama, S., & Nisbett, R. E.
(2010). Reasoning about social conflicts improves into old age. Proceedings of the
National Academy of Sciences of the United States of America, 107(16), 7246-7250.
https://doi.org/10.1073/pnas.1001715107

Gupta, S., & Mittal, S. (2013). Yawning and its physiological significance. International
Journal of Applied and Basic Medical Research, 3(1), 11.
https://doi.org/10.4103/2229-516X.112230

Hargis, M. B., & Castel, A. D. (2019). Knowing What Others Know: Younger and Older
Adults’ Perspective-Taking and Memory for Medication Information. Journal of
Applied Research in Memory and Cognition.
https://doi.org/10.1016/j.jarmac.2019.09.004

Hausdorft, J. M., Levy, B. R., & Wei, J. Y. (1999). The power of ageism on physical
function of older persons: Reversibility of age-related gait changes. Journal of the
American Geriatrics Society. https://doi.org/10.1111/j.1532-5415.1999.tb07437 .x

Havighurst, R. (1963). Successful Aging. In R. Williams, C. Tibbitts, & W. Donohue
(Eds.), Process of Aging: Social and Psychological Perspectives (pp. 299-320).
Atherton Press.

Hehman, J. A., & Bugental, D. B. (2013). “Life stage-specific” variations in performance
in response to age stereotypes. Developmental Psychology, 49(7), 1396—-1406.
https://doi.org/10.1037/A0029559

Henry, J. D., MacLeod, M. S., Phillips, L. H., & Crawford, J. R. (2004). A meta-analytic
review of prospective memory and aging. Psychology and Aging, 19(1), 27-39.
https://doi.org/10.1037/0882-7974.19.1.27

Hess, T. M. (2014). Selective Engagement of Cognitive Resources. Perspectives on
Psychological Science, 9(4), 388—407. https://doi.org/10.1177/1745691614527465

Hess, T. M., Auman, C., Colcombe, S. J., & Rahhal, T. A. (2003). The Impact of
Stereotype Threat on Age Differences in Memory Performance. The Journals of
Gerontology: Series B, 58(1), 3—11. https://doi.org/10.1093/GERONB/58.1.P3

Hess, T. M., Germain, C. M., Swaim, E. L., & Osowski, N. L. (2009). Aging and
Selective Engagement: The Moderating Impact of Motivation on Older Adults’
Resource Utilization. The Journals of Gerontology: Series B, 64B(4), 447—-456.
https://doi.org/10.1093/GERONB/GBP020

103



Hess, T. M., Growney, C. M., O’Brien, E. L., Neupert, S. D., & Sherwood, A. (2018).
The role of cognitive costs, attitudes about aging, and intrinsic motivation in
predicting engagement in everyday activities. Psychology and Aging, 33(6), 953—
964. https://doi.org/10.1037/PAG0000289

Hess, T. M., & Hinson, J. T. (2006). Age-related variation in the influences of aging
stereotypes on memory in adulthood. Psychology and Aging, 21(3), 621-625.
https://doi.org/10.1037/0882-7974.21.3.621

Hess, T. M., Hinson, J. T., & Hodges, E. A. (2009). Moderators of and Mechanisms
Underlying Stereotype Threat Effects on Older Adults’ Memory Performance.
Experimental Aging Research, 35(2), 153-177.
https://doi.org/10.1080/03610730802716413

Hess, T. M., Queen, T. L., & Ennis, G. E. (2013). Age and self-relevance effects on
information search during decision making. Journals of Gerontology - Series B
Psychological Sciences and Social Sciences, 68(5), 703—711.
https://doi.org/10.1093/geronb/gbs108

Hilton, J. L., & Von Hippel, W. (1996). Stereotypes. Annual Review of Psychology,
47(1),237-271. https://doi.org/10.1146/ANNUREV.PSYCH.47.1.237

Horton, S., Baker, J., Pearce, W., & Deakin, J. M. (2010). Immunity to Popular
Stereotypes of Aging? Seniors and Stereotype Threat. Educational Gerontology,
36(5), 353-371. https://doi.org/10.1080/03601270903323976

Hubbard, J., Harbaugh, W. T., Srivastava, S., Degras, D., & Mayr, U. (2016). A general
benevolence dimension that links neural, psychological, economic, and life-span
data on altruistic tendencies. Journal of Experimental Psychology: General,
145(10), 1351-1358. https://doi.org/10.1037/XGE0000209

Isaacowitz, D. M. (2020). Doing more with null age effects: Introduction to the special
section. The Journals of Gerontology: Series B, 75(1), 42—44.
https://doi.org/10.1093/GERONB/GBZ123

Jacobs, J. E., & Potenza, M. (1991). The use of judgement heuristics to make social and
object decisions: A developmental perspective. Child Development, 62(1), 166—178.
https://doi.org/10.1111/J.1467-8624.1991.TB01522.X

Jetter, M., & Walker, J. K. (2020). At what age does the anchoring heuristic emerge?

Evidence from Jeopardy! Journal of Economic Behavior & Organization, 179, 757—
766. https://doi.org/10.1016/J.JEBO.2019.08.017

104



Johnson, M. M. S. (1990). Age Differences in Decision Making: A Process Methodology
for Examining Strategic Information Processing. Journal of Gerontology, 45(2),
P75-P78. https://doi.org/10.1093/geron;j/45.2.P75

Kahneman, D., & Tversky, A. (1972). Subjective probability: A judgment of
representativeness. Cognitive Psychology, 3(3), 430-454.
https://doi.org/10.1016/0010-0285(72)90016-3

Kahneman, D., & Tversky, A. (1973). On the psychology of prediction. Psychological
Review, 80(4), 237-251. https://doi.org/10.1037/h0034747

Kelley, C. M., & Jacoby, L. L. (1996). Adult egocentrism: Subjective experience versus
analytic bases for judgment. Journal of Memory and Language.
https://doi.org/10.1006/jmla.1996.0009

Kim, S., & Hasher, L. (2005). The Attraction Effect in Decision Making: Superior
Performance by Older Adults. The Quarterly Journal of Experimental Psychology
Section A, 58(1), 120—133. https://doi.org/10.1080/02724980443000160

Knight, M., Seymour, T. L., Gaunt, J. T., Baker, C., Nesmith, K., & Mather, M. (2007).
Aging and Goal-Directed Emotional Attention: Distraction Reverses Emotional
Biases. Emotion. https://doi.org/10.1037/1528-3542.7.4.705

Koriat, A. (1997). Monitoring One’s Own Knowledge during Study: A Cue-Ultilization
Approach to Judgments of Learning. Journal of Experimental Psychology.: General,
126(4), 349-370. https://doi.org/10.1037/0096-3445.126.4.349

Korniotis, G. M., & Kumar, A. (2011). Do older investors make better Investment
decisions? The Review of Economics and Statistics, 93(1), 244-265.
https://doi.org/10.1162/REST A 00053

Krampe, R. T., & Ericsson, K. A. (1996). Maintaining Excellence: Deliberate Practice
and Elite Performance in Young and Older Pianists. Journal of Experimental
Psychology: General. https://doi.org/10.1037/0096-3445.125.4.331

Kray, L. J., Thompson, L., & Galinsky, A. (2001). Battle of the sexes: Gender stereotype
confirmation and reactance in negotiations. Journal of Personality and Social
Psychology, 80(6), 942—958. https://doi.org/10.1037/0022-3514.80.6.942

Kunzmann, U., Kupperbusch, C. S., & Levenson, R. W. (2005). Behavioral inhibition

and amplification during emotional arousal: A comparison of two age groups.
Psychology and Aging. https://doi.org/10.1037/0882-7974.20.1.144

105



Kuznetsova, A., Brockhoff, P. B., & Christensen, R. H. B. (2017). ImerTest Package:
Tests in Linear Mixed Effects Models . Journal of Statistical Software.
https://doi.org/10.18637/jss.v082.113

Lakens, D., McLatchie, N., Isager, P. M., Scheel, A. M., & Dienes, Z. (2020). Improving
inferences about null effects with Bayes factors and equivalence tests. The Journals
of Gerontology: Series B, 75(1), 45-57. https://doi.org/10.1093/GERONB/GBY 065

Lamont, R. A., Swift, H. J., & Abrams, D. (2015). A review and meta-analysis of age-
based stereotype threat: Negative stereotypes, not facts, do the damage. Psychology
and Aging, 30(1), 180—193. https://doi.org/10.1037/A0038586

Lawton, M. P., Kleban, M. H., & Dean, J. (1993). Affect and Age: Cross-Sectional
Comparisons of Structure and Prevalence. Psychology and Aging.
https://doi.org/10.1037/0882-7974.8.2.165

Levy, B. (1996). Improving Memory in Old Age Through Implicit Self-Stereotyping.
Journal of Personality and Social Psychology. https://doi.org/10.1037/0022-
3514.71.6.1092

Levy, B. R., Chang, E. S., Lowe, S. R., Provolo, N., & Slade, M. D. (2022). Impact of
Media-Based Negative and Positive Age Stereotypes on Older Individuals’ Mental
Health. The Journals of Gerontology: Series B, 77(4), 70-75.
https://doi.org/10.1093/GERONB/GBABO085

Levy, B. R., Hausdorff, J. M., Hencke, R., & Wei, J. Y. (2000). Reducing cardiovascular
stress with positive self- stereotypes of aging. Journals of Gerontology - Series B
Psychological Sciences and Social Sciences.
https://doi.org/10.1093/geronb/55.4.P205

Levy, B. R., Moffat, S., Resnick, S. M., Slade, M. D., & Ferrucci, L. (2016). Buffer
against cumulative stress: Positive age stereotypes predict lower cortisol across 30
years. The Journal of Gerontopsychology and Geriatric Psychiatry, 29(3), 141-146.
https://doi.org/10.1024/1662-9647/A000149

Levy, B. R., & Myers, L. M. (2004). Preventive health behaviors influenced by self-
perceptions of aging. Preventive Medicine.
https://doi.org/10.1016/j.ypmed.2004.02.029

Levy, B. R., Ryall, A. L., Pilver, C. E., Sheridan, P. L., Wei, J. Y., & Hausdorff, J. M.
(2008). Influence of African American elders’ age stereotypes on their

cardiovascular response to stress. Anxiety, Stress and Coping.
https://doi.org/10.1080/10615800701727793

106



Levy, B. R, Slade, M. D., Kunkel, S. R., & Kasl, S. V. (2002). Longevity increased by
positive self-perceptions of aging. In Journal of Personality and Social Psychology.
https://doi.org/10.1037/0022-3514.83.2.261

Levy, B. R, Slade, M. D., May, J., & Caracciolo, E. A. (2006). Physical recovery after
acute myocardial infarction: Positive age self-stereotypes as a resource.

International Journal of Aging and Human Development.
https://doi.org/10.2190/EJK1-1Q0D-LHGE-7A35

Levy, B. R, Slade, M. D., Pietrzak, R. H., & Ferrucci, L. (2018). Positive age beliefs
protect against dementia even among elders with high-risk gene. PLOS ONE, 13(2),
€0191004. https://doi.org/10.1371/JOURNAL.PONE.0191004

Li, Y., Baldassi, M., Johnson, E. J., & Weber, E. U. (2013). Complementary cognitive
capabilities, economic decision making, and aging. Psychology and Aging, 28(3),
595-613. https://doi.org/10.1037/a0034172

Li, Y., Gao, J., Enkavi, A. Z., Zaval, L., Weber, E. U., & Johnson, E. J. (2015). Sound
credit scores and financial decisions despite cognitive aging. Proceedings of the
National Academy of Sciences of the United States of America, 112(1), 65—69.
https://doi.org/10.1073/pnas.1413570112

Light, L. L., & Albertson, S. A. (1989). Direct and indirect tests of memory for category
exemplars in young and old adults. Psychology and Aging, 4(4), 487-492.
https://web.p.ebscohost.com/ehost/pdfviewer/pdfviewer?vid=0&sid=444d4aa3-
Tca7-4094-a2b7-9ab1f4120176%40redis

Lineweaver, T. T., & Hertzog, C. (1998). Adults’ efficacy and control beliefs regarding
memory and aging: Separating general from personal beliefs. Aging,
Neuropsychology, and Cognition. https://doi.org/10.1076/anec.5.4.264.771

Lockenhoff, C. E., & Carstensen, L. L. (2007). Aging, emotion, and health-related
decision strategies: Motivational manipulations can reduce age differences.
Psychology and Aging, 22(1), 134—136. https://doi.org/10.1037/0882-7974.22.1.134

Lockenhoff, C. E., Lee, D. S., Buckner, K. M. L., Moreira, R. O., Martinez, S. J., & Sun,
M. Q. (2015). Cross-cultural differences in attitudes about aging: Moving beyond
the east-west dichotomy. Successful Aging: Asian Perspectives, 321-337.
https://doi.org/10.1007/978-94-017-9331-5 19/COVER

Lockwood, P. L., Abdurahman, A., Gabay, A. S., Drew, D., Tamm, M., Husain, M., &
Apps, M. A. J. (2021). Aging Increases Prosocial Motivation for Effort.
Psychological Science, 32(5), 668—681.

107



https://doi.org/10.1177/0956797620975781/ASSET/IMAGES/LARGE/10.1177_09
56797620975781-FIG2.JPEG

Maley, J. E., Hunt, M., & Parr, W. (2000). Set-size and frequency-of-occurrence
judgements in young and older adults: The role of the availability heuristic.

Quarterly Journal of Experimental Psychology Section A: Human Experimental
Psychology, 53(1), 247-269. https://doi.org/10.1080/713755883

Mata, R. (2007). Understanding the aging decision maker. Human Development, 50(6),
359-366. https://doi.org/10.1159/000109836

Mata, R., Josef, A. K., & Lemaire, P. (2015). Adaptive decision making and aging. In T.
M. Hess, J. Strough, & C. E. Lockenhoff (Eds.), Aging and Decision Making:
Empirical and Applied Perspectives (pp. 105—126). Academic Press.
https://doi.org/10.1016/B978-0-12-417148-0.00006-6

Mata, R., & Nunes, L. (2010). When less is enough: Cognitive aging, information search,
and decision quality in consumer choice. Psychology and Aging, 25(2), 289-298.
https://doi.org/10.1037/a0017927

Mata, R., von Helversen, B., & Rieskamp, J. (2010). Learning to choose: Cognitive aging
and strategy selection learning in decision making. Psychology and Aging, 25(2),
299-309. https://doi.org/10.1037/A0018923

Mather, M. (2010). Aging and cognition. Wiley Interdisciplinary Reviews: Cognitive
Science, 1(3), 346-362. https://doi.org/10.1002/WCS.64

Mather, M., & Johnson, M. K. (2000). Choice-supportive source monitoring: Do our
decisions seem better to us as we age? Psychology and Aging, 15(4), 596—606.
https://doi.org/10.1037/0882-7974.15.4.596

Meade, M. L., McNabb, J. C., Lindeman, M. 1. H., & Smith, J. L. (2017). Discounting
input from older adults: the role of age salience on partner age effects in the social
contagion of memory. Memory. https://doi.org/10.1080/09658211.2016.1207783

Meisner, B. A. (2012). A meta-analysis of positive and negative age stereotype priming
effects on behavior among older adults. Journals of Gerontology - Series B
Psychological Sciences and Social Sciences. https://doi.org/10.1093/geronb/gbr062

Meyer, B. J. F., Talbot, A. P., & Ranalli, C. (2007). Why Older Adults Make More

Immediate Treatment Decisions About Cancer Than Younger Adults. Psychology
and Aging, 22(3), 505-524. https://doi.org/10.1037/0882-7974.22.3.505

108



Mikels, J. A., Shuster, M. M., & Thai, S. T. (2015). Aging, Emotion, and Decision
Making. In Aging and Decision Making: Empirical and Applied Perspectives.
https://doi.org/10.1016/B978-0-12-417148-0.00009-1

Mintzer, M. Z., & Snodgrass, J. G. (1999). The picture superiority effect: Support for the
distinctiveness model. American Journal of Psychology, 112(1), 113-146.
https://doi.org/10.2307/1423627

Mroczek, D. K., & Spiro, A. (2005). Change in life satisfaction during adulthood:
Findings from the veterans affairs normative aging study. Journal of Personality and
Social Psychology, 88(1), 189-202. https://doi.org/10.1037/0022-3514.88.1.189

Murman, D. L. (2015). The Impact of Age on Cognition. Seminars in Hearing, 36(3),
111-121. https://doi.org/10.1055/S-0035-1555115/ID/JR00674-45

Nelson, T. D. (2016). Promoting healthy aging by confronting ageism. American
Psychologist, 71(4), 276-282. https://doi.org/10.1037/A0040221

Neth, H., & Gigerenzer, G. (2015). Heuristics: Tools for an uncertain world. In R. Scott

& S. Kosslyn (Eds.), Emerging Trends in the Social and Behavioral Sciences (pp. 1—
18). John Wiley & Sons, Inc. https://doi.org/10.1002/9781118900772.etrds0394

Ng, R., Allore, H. G., Trentalange, M., Monin, J. K., & Levy, B. R. (2015). Increasing
negativity of age stereotypes across 200 years: Evidence from a database of 400
million words. PLoS ONE. https://doi.org/10.1371/journal.pone.0117086

Nickerson, R. S. (1999). How we know - And sometimes misjudge - What others know:
Imputing one’s own knowledge to others. Psychological Bulletin.
https://doi.org/10.1037/0033-2909.125.6.737

Nicolas, P., Lemaire, P., & Régner, 1. (2019). When and How Stereotype Threat
Influences Older Adults’ Arithmetic Performance: Insight From a Strategy

Approach. Journal of Experimental Psychology: General.
https://doi.org/10.1037/xge0000647

Noar, S. M., Benac, C. N., & Harris, M. S. (2007). Does Tailoring Matter? Meta-Analytic
Review of Tailored Print Health Behavior Change Interventions. Psychological
Bulletin, 133(4), 673—693. https://doi.org/10.1037/0033-2909.133.4.673

Northeraft, G. B., & Neale, M. A. (1987). Experts, amateurs, and real estate: An
anchoring-and-adjustment perspective on property pricing decisions. Organizational

Behavior and Human Decision Processes, 39(1), 84-97.
https://doi.org/10.1016/0749-5978(87)90046-X

109



Pachur, T., & Hertwig, R. (2006). On the psychology of the recognition heuristic:
Retrieval primacy as a key determinant of its use. Journal of Experimental
Psychology: Learning Memory and Cognition, 32(5), 983—1002.
https://doi.org/10.1037/0278-7393.32.5.983

Pachur, T., Mata, R., & Schooler, L. J. (2009). Cognitive aging and the adaptive use of
recognition in decision making. Psychology and Aging, 24(4), 901-915.
https://doi.org/10.1037/a0017211

Peters, E., Finucane, M. L., MacGregor, D. G., & Slovic, P. (2000). The bearable
lightness of aging: Judgment and decision processes in older adults. In P. C. Stern &
L. L. Carstensen (Eds.), The Aging Mind: Opportunities in Cognitive Research (pp.
144—-165). National Academy Press.
https://www.ncbi.nlm.nih.gov/books/NBK 44836/

Peters, E., Hess, T. M., Vistfjill, D., & Auman, C. (2007). Adult age differences in dual
Information processes: Implications for the role of affective and deliberative
processes in older adults’ decision making. Perspectives on Psychological Science,
2(1), 1-23. https://doi.org/10.1111/J.1745-
6916.2007.00025.X/ASSET/IMAGES/LARGE/10.1111_J.1745-
6916.2007.00025.X-FIG2.JPEG

Popham, L. E., & Hess, T. M. (2015). Age Differences in the Underlying Mechanisms of
Stereotype Threat Effects. The Journals of Gerontology: Series B, 70(2), 223-232.
https://doi.org/10.1093/GERONB/GBT093

Queen, T. L., Hess, T. M., Ennis, G. E., Dowd, K., & Griihn, D. (2012). Information
search and decision making: Effects of age and complexity on strategy use.
Psychology and Aging, 27(4), 817-824. https://doi.org/10.1037/a0028744

Ratneshwar, S., Shocker, A. D., & Stewart, D. W. (1987). Toward Understanding the
Attraction Effect: The Implications of Product Stimulus Meaningfulness and

Familiarity. Journal of Consumer Research, 13(4), 520.
https://doi.org/10.1086/209085

Reed, A. E., Chan, L., & Mikels, J. A. (2014). Meta-analysis of the age-related positivity
effect: Age differences in preferences for positive over negative information.
Psychology and Aging. https://doi.org/10.1037/a0035194

Reed, A. E., Mikels, J. A., & Lockenhoff, C. E. (2013). Preferences for choice across

adulthood: Age trajectories and potential mechanisms. Psychology and Aging, 28(3),
625-632. https://doi.org/10.1037/a0031399

110



Reed, A. E., Mikels, J. A., & Simon, K. 1. (2008). Older adults prefer less choice than
young adults. Psychology and Aging, 23(3), 671-675.
https://doi.org/10.1037/a0012772

Rendell, P. G., & Thomson, D. M. (1999). Aging and prospective memory: Differences
between naturalistic and laboratory tasks. The Journals of Gerontology: Series B,
54B(4), 256-269. https://doi.org/10.1093/GERONB/54B.4.P256

Roediger, H. L. (1990). Implicit memory: Retention without remembering. American
Psychologist, 45(9), 1043—1056. https://doi.org/10.1037/0003-066X.45.9.1043

Ronnlund, M., Nyberg, L., Backman, L., & Nilsson, L. G. (2005). Stability, growth, and
decline in adult life span development of declarative memory: Cross-sectional and
longitudinal data from a population-based study. Psychology and Aging.
https://doi.org/10.1037/0882-7974.20.1.3

Rowe, J. W., & Kahn, R. L. (1997). Successful Aging. The Gerontologist, 37(4), 433—
440. https://doi.org/10.1093/GERONT/37.4.433

Rupp, D. E., Vodanovich, S. J., & Credé¢, M. (2006). Age bias in the workplace: The
impact of ageism and causal attributions. Journal of Applied Social Psychology.
https://doi.org/10.1111/§.0021-9029.2006.00062.x

Ryan, A. D., & Campbell, K. L. (2021). The ironic effect of older adults’ increased task
motivation: Implications for neurocognitive aging. Psychonomic Bulletin & Review
2021 28:6, 28(6), 1743—1754. https://doi.org/10.3758/S13423-021-01963-4

Ryan, E. B., & Sheree Kwong See. (1993). Age-based beliefs about memory changes for
self and others across adulthood. Journals of Gerontology.
https://doi.org/10.1093/geron;j/48.4.P199

Salthouse, T. A. (2003). Interrelations of Aging, Knowledge, and Cognitive Performance.
In Understanding Human Development. https://doi.org/10.1007/978-1-4615-0357-
6 12

Samanez-Larkin, G. R., & Knutson, B. (2015). Decision making in the ageing brain:
Changes in affective and motivational circuits. Nature Reviews Neuroscience 2015
16:5, 16(5), 278-289. https://doi.org/10.1038/nrn3917

Schmidt, D. F., & Boland, S. M. (1986). Structure of perceptions of older adults:

evidence for multiple stereotypes. Psychology and Aging.
https://doi.org/10.1037/0882-7974.1.3.255

111



Seaman, K. L., Juarez, E. J., Troutman, A., Salerno, J. M., Samanez-Larkin, S. P., &
Samanez-Larkin, G. R. (2021). Decision making across adulthood during physical
distancing. Aging, Neuropsychology, and Cognition, 1—13.
https://doi.org/10.1080/13825585.2021.1962793/SUPPL_FILE/NANC A 1962793
_SM8615.DOCX

Shah, A. K., & Oppenheimer, D. M. (2008). Heuristics made easy: An effort-reduction
framework. Psychological Bulletin, 134(2), 207-222. https://doi.org/10.1037/0033-
2909.134.2.207

Shih, M. J., Pittinsky, T. L., & Ho, G. C. (2012). Stereotype boost: Positive outcomes
from the activation of positive stereotypes. In M. Inzlicht & T. Schmader (Eds.),
Stereotype threat: Theory, process, and application (pp. 141-156). Oxford
University Press. https://psycnet.apa.org/record/2011-27639-008

Shih, M., Pittinsky, T. L., & Ambady, N. (1999). Stereotype Susceptibility: Identity
Salience and Shifts in Quantitative Performance. Psychological Science, 10(1), 80—
83.

Shih, M., Richeson, J. A., Ambady, N., Fujita, K., & Gray, H. M. (2002). Stereotype
performance boosts: The impact of self-relevance and the manner of stereotype
activation. Journal of Personality and Social Psychology, 83(3), 638—647.
https://doi.org/10.1037/0022-3514.83.3.638

Siegel, A. L. M., Whatley, M. C., Hargis, M. B., & Castel, A. D. (2020). Changes in
memory and metacognition in older adulthood. In A. Drolet & C. Yoon (Eds.), The
Aging Consumer: Perspectives from Psychology and Marketing (2nd ed., pp. 26—
46). Routledge.

Simon, H. A. (1990). Bounded rationality. In J. Eatwell, M. Milgate, & P. Newman
(Eds.), Utility and Probability (pp. 15—18). Palgrave Macmillian, London.

Smith, A. R., Windschitl, P. D., & Bruchmann, K. (2013). Knowledge matters:
Anchoring effects are moderated by knowledge level. European Journal of Social
Psychology, 43(1), 97-108. https://doi.org/10.1002/EJSP.1921

Smith, J. F., & Kida, T. (1991). Heuristics and biases: Expertise and task realism in
auditing. Psychological Bulletin, 109(3), 472—489. https://doi.org/10.1037/0033-
2909.109.3.472

Snyder, M., Gangestad, S., & Simpson, J. A. (1983). Choosing friends as activity
partners: The role of self-monitoring. Journal of Personality and Social Psychology.
https://doi.org/10.1037/0022-3514.45.5.1061

112



Stanley, M. L., Yin, S., & Sinnott-Armstrong, W. (2019). A reason-based explanation for
moral dumbfounding. Judgment and Decision Making.

Stein, R., Blanchard-Fields, F., & Hertzog, C. (2002). The effects of age-stereotype
priming on the memory performance of older adults. Experimental Aging Research.
https://doi.org/10.1080/03610730252800184

Strough, J. N., Bruin, W. B. de, & Peters, E. (2015). New perspectives for motivating
better decisions in older adults. Frontiers in Psychology, 6, 783.
https://doi.org/10.3389/FPSYG.2015.00783/BIBTEX

Strough, J. N., Bruine de Bruin, W., Parker, A. M., Karns, T., Lemaster, P.,
Pichayayothin, N., Delaney, R., & Stoiko, R. (2016). What were they thinking?
Reducing sunk-cost bias in a life-span sample. Psychology and Aging, 31(7), 724—
736. https://doi.org/10.1037/pag0000130

Strough, J. N., Mehta, C. M., McFall, J. P., & Schuller, K. L. (2008). Are older adults
less subject to the sunk-cost fallacy than younger adults?: Short report.
Psychological Science, 19(7), 650—652. https://doi.org/10.1111/.1467-
9280.2008.02138.x

Strough, J., & Bruin, W. B. de. (2020). Decision Making Across Adulthood. Annual
Review of Developmental Psychology, 2(1), 345-363.
https://doi.org/10.1146/ANNUREV-DEVPSYCH-051120-010038

Strough, J., Karns, T. E., & Schlosnagle, L. (2011). Decision-making heuristics and
biases across the life span. Annals of the New York Academy of Sciences, 1235(1),
57-74. https://doi.org/10.1111/].1749-6632.2011.06208.X

Strough, J., Schlosnagle, L., & Didonato, L. (2011). Understanding decisions about sunk
costs from older and younger adults’ perspectives. Journals of Gerontology - Series
B Psychological Sciences and Social Sciences, 66B(6), 681-686.
https://doi.org/10.1093/geronb/gbr057

Strough, J., Schlosnagle, L., Karns, T., Lemaster, P., & Pichayayothin, N. (2014). No
time to waste: Restricting life-span temporal horizons decreases the sunk-cost
fallacy. Journal of Behavioral Decision Making, 27(1), 78-94.
https://doi.org/10.1002/bdm.1781

Strough, J., Wilson, J., & Bruine de Bruin, W. (2020). Aging and financial decision
making. In T. Zaleskiewicz & J. Traczyk (Eds.), Psychological Perspectives on
Financial Decision Making (pp. 167—186). Springer, Cham.
https://doi.org/10.1007/978-3-030-45500-2_8

113



Sugar, J. A., Riekse, R., Holstege, H., & Faber, M. (2014). We are growing older. In
Introduction to Aging: A Positive, Interdisciplinary Approach (pp. 3—17).

Sugden, R., Zheng, J., & Zizzo, D. J. (2013). Not all anchors are created equal. Journal of
Economic Psychology, 39, 21-31. https://doi.org/10.1016/J.JOEP.2013.06.008

Swift, H. J., Abrams, D., & Marques, S. (2013). Threat or Boost? Social Comparison
Affects Older People’s Performance Differently Depending on Task Domain. The
Journals of Gerontology: Series B, 68(1), 23-30.
https://doi.org/10.1093/GERONB/GBS044

Tauber, S. K., Dunlosky, J., Rawson, K. A., Rhodes, M. G., & Sitzman, D. M. (2013).
General knowledge norms: Updated and expanded from the Nelson and Narens
(1980) norms. Behavior Research Methods. https://doi.org/10.3758/s13428-012-
0307-9

Tauber, S. K., Witherby, A. E., & Dunlosky, J. (2019). Beliefs about memory decline in
aging do not impact judgments of learning (JOLs): A challenge for belief-based
explanations of JOLs. Memory and Cognition. https://doi.org/10.3758/s13421-019-
00919-3

Team, J. (2022). JASP (0.16.2). https://jasp-stats.org/

Thomas, R. C., & Jacoby, L. L. (2013). Diminishing adult egocentrism when estimating
what others know. Journal of Experimental Psychology: Learning Memory and
Cognition. https://doi.org/10.1037/a0028883

Tromp, D., Dufour, A., Lithfous, S., Pebayle, T., & Després, O. (2015). Episodic memory
in normal aging and Alzheimer disease: Insights from imaging and behavioral
studies. Ageing Research Reviews, 24, 232-262.
https://doi.org/10.1016/J.ARR.2015.08.006

Tullis, J. G. (2018). Predicting others’ knowledge: Knowledge estimation as cue
utilization. Memory and Cognition. https://doi.org/10.3758/s13421-018-0842-4

Tulving, E. (1972). Episodic and semantic memory. In E. Tulving & W. Donaldson
(Eds.), Organization of memory. Academic Press.
https://cir.nii.ac.jp/crid/1572543025076804864

Tversky, A., & Kahneman, D. (1973). Availability: A heuristic for judging frequency and

probability. Cognitive Psychology, 5(2), 207-232. https://doi.org/10.1016/0010-
0285(73)90033-9

114



Tversky, A., & Kahneman, D. (1983). Extensional versus intuitive reasoning: The
conjunction fallacy in probability judgment. Psychological Review, 90(4), 293-315.
https://doi.org/10.1037/0033-295X.90.4.293

Tversky, A., & Kahneman, D. (1974). Judgment under uncertainty: Heuristics and biases.
Science, 185(4157), 1124-1131. https://doi.org/10.1126/science.185.4157.1124

Van Overschelde, J. P., Rawson, K. A., & Dunlosky, J. (2004). Category norms: An
updated and expanded version of the norms. Journal of Memory and Language,
50(3), 289-335. https://doi.org/10.1016/J.JML.2003.10.003

Verhaeghen, P. (2003). Aging and vocabulary scores: A meta-analysis. Psychology and
Aging. https://doi.org/10.1037/0882-7974.18.2.332

Verma, M., & Howard, R. J. (2012). Semantic memory and language dysfunction in early
Alzheimer’s disease: a review. International Journal of Geriatric Psychiatry,
27(12), 1209-1217. https://doi.org/10.1002/GPS.3766

Weir, K. (2023). A New Concept of Aging. Monitor on Psychology, 54(2), 36—43.
https://www.apa.org/monitor/2023/03/cover-new-concept-of-aging

Weiss, D. (2018). On the inevitability of aging: Essentialist beliefs moderate the impact
of negative age stereotypes on older adults’ memory performance and physiological
reactivity. Journals of Gerontology - Series B Psychological Sciences and Social
Sciences. https://doi.org/10.1093/geronb/gbw087

Wingfield, A., Stine-Morrow, E. A. . (2000). Language and Speech. In T. A. Craik,
Fergus 1.M.; Salthouse (Ed.), The handbook of aging and cognition (3rd ed., pp.
359-416). Lawrence Erlbaum Associates Publishers.

Xiang, X., Lu, X., Halavanau, A., Xue, J., Sun, Y., Lai, P. H. L., & Wu, Z. (2021).
Modern Senicide in the Face of a Pandemic: An Examination of Public Discourse
and Sentiment About Older Adults and COVID-19 Using Machine Learning. The
Journals of Gerontology: Series B, 76(4), €190—e200.
https://doi.org/10.1093/GERONB/GBAA128

115



Biography

Morgan K. Taylor earned her B.A. in Psychology and Certificate in Spanish
Language and Culture from Princeton University in 2015. For the next three years, she
worked as a research assistant at University of Maryland, College Park and lab manager
at Dartmouth College in New Hampshire. She entered the Cognition and Cognitive
Neuroscience graduate program at Duke University in 2018 and earned her master’s
degree in Psychology and Neuroscience in 2021.

Under the supervision of Drs. Elizabeth Marsh and Gregory Samanez-Larkin,
Morgan has presented at numerous conferences in the United States and abroad and has
published in top journals, including Psychology and Aging, Psychonomic Bulletin and
Review, and Journal of Applied Research in Memory and Cognition. She was awarded
the Dean’s Graduate Fellowship from Duke University and earned an honorable mention
in the National Science Foundation’s Graduate Research Fellowship Program. In Fall
2023, Morgan will join Dr. Margie Lachman at Brandeis University as a Postdoctoral

Research Associate.

116



