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1 Abstract

The present thesis addressed whether experiences of failed recall for names of familiar faces
could induce states of curiosity and drive memory benefits. Experiment 1 investigated
whether older adults exhibit the same familiarity preference in information seeking,
following an unsuccessful recall attempt for names of previously studied faces, as seen in
younger adults. Experiment 2 considered whether acting on the curiosity induced by
unsuccessful recall of names associated with familiar faces could provide benefits for the
relearning of those names in both age groups. The older adults displayed a similar, if not
more pronounced, positive relationship between familiarity and subsequent information
seeking as was observed in the younger adults. Giving participants an opportunity to leverage
their own curiosity to relearn the names of familiar faces following an unsuccessful recall
attempt led to higher recall accuracy rates than exposure to names under conditions in which

curiosity could not be acted upon.
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Summary for Lay Audience

The main goal of the present thesis aimed to understand whether being unable to recall the
name of familiar faces triggers curiosity for those names and whether any such curiosity has
learning benefits. Experiment 1 sought out to replicate the results from a study by Brooks and
colleagues (2023) in which a group of younger adults demonstrated a preference to explore
the names of previously studied familiar faces — rather than completely novel ones, after they
were previously unsuccessful at recalling them. Critically, Experiment 1 also investigated
whether the same relationship between face familiarity and name exploration persists in older
adults as successful name recall is often more difficult for this age group. Experiment 2
investigated how providing participants with the opportunity to follow their own curiosity
when choosing the face-name association to learn might benefit their recall performance.
Results from Experiment 1 demonstrated that both younger and older participants were more
likely to choose to explore the names for the faces that were more familiar to them. This
suggests a positive relationship between subjective familiarity and information seeking
behaviour. Experiment 2 revealed in both younger and older adults that an opportunity to
follow one’s curiosity has benefits for the relearning of names that previously could not be
recalled, leading to a boost in name recall on subsequent occasions. Compared to the group
of participants who did not have a choice in selecting names to explore, participants who
were given a choice demonstrated greater improvements from the initial recall test to the
final recall test. Overall, the results of the current thesis demonstrated that curiosity is not
only helpful when learning new information, but it also provides memory benefits when
relearning familiar information that cannot be accessed easily when probed. These results
provide many directions for follow-up research such as investigating the underlying brain
mechanisms that may be responsible for the curiosity-driven memory benefit during
relearning. Another direction would investigate whether the results can be leveraged to
overcome recall problems in real life situations in which names (for example, those of

celebrities) do not easily come to mind in older adults.
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Chapter 1

2  General Introduction

The United Nations (UN) announced, 2021-2030 will be the decade of healthy aging
(World Health Organization, n.d.). Representatives of this global collaboration
determined that implementing strategies for improved long-term care, agism reduction,
age-friendly environments, and integrated care, will benefit not only older adults but also
the community that surrounds them (World Health Organization, n.d.). Integrated health
care refers to the collaboration between various health professionals to provide complete
treatment to patients with the goal of improving overall well-being (American
Psychological Association, n.d.). One focus of integrated care relates to intervention.
Understanding how we can provide integrative care techniques to reduce age-related
health issues will in turn reduce the need for additional services regarding rehabilitation
and palliative care. The key age-related health issue that the research throughout this
paper targets is memory decline, especially for face-name associations, given that
decreased memory recall is considered to be a hallmark of cognitive aging (Crook &
West, 1990). For older adults, having difficulty remembering the name of someone
whom they meet may add unnecessary frustration to their lives (Benjamin, 1987). If older
adults frequently have trouble remembering face-name associations, they may even begin
to isolate themselves to avoid social encounters (Read et al., 2020). In the present thesis, |
sought to conduct research with the goal of examining whether experiences of failed
recall of the name of familiar faces may have beneficial functional consequences at the
level of inducing states of curiosity in older individuals. Critically, this research aimed to
determine whether any such curiosity effects could be leveraged for relearning so to as to

help overcome memory deficits in name recall.

2.1 Reduced recall but preserved accuracy of familiarity
assessment in older adults

Although multiple memory processes are generally affected by aging (Craik et al., 1995),
there is a difference in older adults’ memory abilities for semantic information compared

to episodic information (Allen et al., 2002). Semantic memory refers to memory for



general knowledge while episodic memory refers to memory for personally experienced
events (Tulving, 1972, 2002). A recent study by St. Laurent and colleagues (2011)
illustrates the specificity of age-related changes in memory functioning. The authors
investigated the influence of aging on the neural correlates of autobiographical, episodic,
and semantic memory retrieval. The tasks were the same across all conditions aside from
the type of memory probed during retrieval. While in an fMRI scan, participants were
shown a photograph along with a cue word aimed to direct attention to the gist of the
photograph and then, were asked either a question about a specific element from the
photograph (episodic memory condition), asked a general knowledge question related to
the gist of the photograph (semantic condition), or instructed to retrieve a personal
memory that was related to the photograph (autobiographical condition). Behavioural
results from this study demonstrated relatively well-preserved semantic memory in the
older adults whereas their autobiographical memory and episodic memory were impaired
compared to the younger adults (St-Laurent et al., 2011). A hallmark of episodic memory
is the ability to recall previously learnt information and such recall is typically impaired
in older adults (Craik & McDowd, 1987).

Although episodic memory often is severely affected in older individuals, there are still
differences in older adults’ ability to recollect versus recognize episodic information (for
review see Rhodes et al., 2019). The difference between recollection and familiarity in
recognition memory can be illustrated using the common example of recognizing a
person as being familiar but being unable to recollect any pertinent information regarding
a prior encounter (Yonelinas, 2002). Yonelinas (2002), discussed in a review that there
are two partially distinct neural pathways that support these two memory processes.
Recollection memory relies on the hippocampus and the prefrontal cortex while
recognition memory relies more on regions that surround the hippocampus (Yonelinas,
2002). Koen and Yonelinas (2016) conducted a study that compared recollection and
familiarity in healthy aging adults using multiple estimation methods to probe their
contributions to memory performance. Estimates of recollection, along with estimates of
familiarity were obtained from tests of recognition memory that involved the
Remember/Know (RK) procedure, assessment of receiver operating characteristic (ROC)

based on confidence judgments, and the process dissociation (PD) procedure in older as



compared to younger adults. Results from this study demonstrated that the estimates of
recollection, but not of familiarity, were impaired with aging. This was revealed through
a significant negative correlation between the measures of familiarity and chronological
age (Koen & Yonelinas, 2016). Another study that directly compared recall and
recognition accuracy required a group of younger and older adults to study the same lists
of words (Danckert & Craik, 2013). Following the presentation of each list, participants
completed an interference task and were then given a set amount of time for free recall
for the words they had previously studied. This procedure continued for ten study lists.
After going through all study lists using this procedure, a recognition test was conducted
that consisted of 200 words they had previously studied as well as 200 new lure words.
Participants were instructed to indicate whether they recognized each word using a yes/no
judgment. The results from this study revealed that the difference in recall accuracy
between the two age groups was disproportionately greater than the difference in
recognition accuracy between the two age groups with the older adults showing poorer
performance (Danckert & Craik, 2013). This type of recall deficit is typically interpreted
as a marker of impaired recollection from episodic memory and has been observed in
many other studies (for recent meta-analysis see Rhodes et al., 2019). Applying this line
of work to the realm of memory for faces, Bartlett and Fulton (1991) conducted a study
to test familiarity and recognition accuracy of faces for both older and younger adults. In
this study, both age groups were shown a series of faces and asked to judge each item’s
subjective familiarity and episodic recognition (had they seen this face previously). Once
the participants had finished viewing the set of faces, they were shown the same faces
again and were asked to rate how typical the face was on a 7-point Likert scale. Results
from this experiment indicated that older adults made more false recognition judgments
than the younger adults; however, the proportion of familiar judgments were similar
between both age groups (Bartlett & Fulton, 1991). Although instances of false
recognition may sometimes be higher among older adults, familiarity judgments tend to
be relatively well-preserved throughout adulthood (Bartlett & Fulton, 1991; Bastin &
Van der Linden, 2003; Koen & Yonelinas, 2014).



2.2 Curiosity-driven memory benefits and their
underlying mechanisms

Currently, little is known regarding whether preserved familiarity could be leveraged to
overcome recall deficits among older and younger adults. Consideration of the use of
curiosity might offer hints as to how this may be done. Although many definitions of
curiosity exist, a widely accepted broader conceptualization is that curiosity is the
intrinsic motivation for gathering new or missing information (Berlyne, 1954). In the past
few decades, research on curiosity has focused on the memory benefits of curiosity and
the situations in which curiosity is induced. This has been of particular interest in
educational literature (see Grossnickle, 2016; Hidi & Renninger, 2020; Lamnina &
Chase, 2019). A study from Gruber and colleagues (2014) expanded the curiosity
literature by investigating the situations in which intrinsic motivational states can affect
learning. During the screening phase, participants went through trials where they were
first shown a trivia question and then asked to rate their likelihood of knowing the answer
and their curiosity rating for the question. This screening phase served to collect high-
and low-level curiosity questions that participants also rated as a low likelihood that they
would know the answer to create a collection of questions that were individualized for
each participant. An equal number of high- and low- curiosity questions were then used
in a study phase where participants were shown a question, then shown a random face,
followed by the presentation of the answer. Results from this study showed an increase in
activation in the nucleus accumbens and the left substania nigra/ventral tegmental area
(SN/VTA,; Gruber et al., 2014). The increased activation was associated with the
anticipation of the rewarding information rather than the presentation of the answer.
Along with this, participants showed better recall for the trivia answers for questions they
rated as evoking higher levels of curiosity. Participants also demonstrated improved
memory for incidental information that was presented in proximity to curiosity eliciting
stimuli. Another notable study that analyzed the underlying mechanisms of curiosity-
driven memory benefits was conducted by Kang and colleagues (2008). In this study,
participants took part in a task that consisted of 40 trivia questions intended to evoke a
range of curiosity levels while in an MRI scanner. The results from this experiment

showed a significant correlation between curiosity level and activation in brain regions



that are associated with anticipation of reward (Kang et al., 2008). Regions that were
significantly activated following the presentation of the questions included the left
caudate, bilateral prefrontal cortex (PFC), and parahippocampal gyri (PHG). Once the
answers were presented, areas linked to learning and memory had stronger activations in
response to incorrect answers compared to correct answers. The results from Kang and
colleagues (2008) were one of the first of its kind to demonstrate that curiosity is found in
anticipation of rewarding information and can lead to enhanced memory for new

information.

A systematic review by Sakaki and colleagues (2018) suggests that curiosity may be a
key to healthy aging in older adults. As summarized above, several studies looked at the
memory related benefits of curiosity and found that for both directly learned stimuli and
incidental stimuli, items that spark higher levels of curiosity are better remembered in
subsequent memory tests (see Gruber et al., 2014; Kang et al., 2008). These benefits are
repeatedly shown in younger adults but recently were revealed in older adults as well (see
Galli et al., 2018; McGillivray et al., 2015). A study conducted by Galli and colleagues
(2018) used trivia questions to measure curiosity levels and subsequent memory
performance. Participants were asked to rate their curiosity to learn the answer for a
selection of trivia questions and then asked to attend to task-irrelevant faces between the
presentation of each question. Trivia questions were used in this study to test how
curiosity affects memory accuracy for semantic information (Galli et al., 2018). This
study was able to demonstrate improved recall for both the answers to the trivia questions
that elicited high levels of curiosity and the incidentally learned faces that were presented
around high curiosity eliciting questions in both older and younger adults. The
recognition accuracy for the incidental face stimuli was similar for both age groups and
although both age groups had higher recall for trivia questions that elicited high levels of
curiosity, the younger adults had higher recall rates overall (Galli et al., 2018). These
findings suggest that curiosity and the curiosity-related memory benefits that were
demonstrated previously in younger adults are preserved in older adults (Galli et al.,
2018). Another study by McGillivray et al. (2015) used a similar paradigm in which
younger and older participants were shown a series of trivia questions and were asked to

rate how curious they were to learn the answer, provide confidence and interest ratings,



as well as provide judgments of learning (JOL) after learning the answer to the trivia
question. The results from this study also demonstrate a preserved curiosity-driven
memory benefit for the semantic information. The benefits shown for the older adults
persisted for a week following the initial learning trial for the study. Both studies used
semantic stimuli to test the learning benefits of curiosity; however, memory for semantic
information is relatively well-preserved as individuals age (Haitas et al., 2021). A
research question that has received limited coverage in the literature so far relates to the
curiosity-driven memory benefits for episodic information in older adults. It is important
to address this question given that episodic memory is very sensitive to effects of aging

and neurodegenerative diseases (Kinugawa et al., 2013; Ronnlund et al., 2005).

The extant literature shows that the learning benefits of curiosity stem from activity in the
mesolimbic dopaminergic reward system of the brain (for review see Cervera et al.,
2020). Dopamine plays a major role in the reinforcement and motivation of actions
(Bromberg-Martin et al., 2010). The motivational and rewarding feelings experienced
when in a state of curiosity are hypothesized to be the reason for the memory benefits
associated with curiosity. A key theory that proposes specific mechanisms that may
support the role curiosity plays in learning and memory is the Prediction, Appraisal,
Curiosity and Exploration (PACE) framework (Gruber & Ranganath, 2019). The PACE
framework uses cognitive processes, neural circuits, behaviours, and subjective
experiences to explain curiosity and its related memory benefits. A specific component of
the framework outlines how the states of curiosity modulate the activity in the
dopaminergic rewards pathway. An increase in dopaminergic circuit activity as a
response to a state of high curiosity has been found to improve encoding and
consolidation of memory (Gruber & Ranganath, 2019), and this curiosity-driven benefit
can be extended to incidental information (Gruber et al., 2014). The mesolimbic system
involves projections of the neurotransmitter, dopamine, from the ventral tegmental area
(VTA) to the nucleus accumbens (Elsworth & Roth, 2009). Together, the mesolimbic
reward system and the hippocampus are understood to form a functional loop that
controls learning (Lisman & Grace, 2005). As the hippocampus is a central brain
structure involved in memory consolidation (Squire et al., 2004), increasing the activity

of the reward circuit around the hippocampus will strengthen this consolidation (Gruber



et al., 2014). According to Lisman and Grace (2005) and Gruber and Ranganath (2019),
activation of this functional loop begins when the hippocampus identifies novel
information that has not yet been stored in the long-term memory system. A signal
regarding the novel information is conveyed through the subiculum, nucleus accumbens,
and ventral pallidum to the VTA where it triggers firing of neurons that are novelty
dependent. Dopamine is then released in the hippocampus which produces an
enhancement of long-term potentiation and learning (Lisman & Grace, 2005). Critically,
findings from studies that have investigated the brain mechanisms responsible for the
learning benefit of curiosity have repeatedly found increased activation of reward
pathways in anticipation of the reward (Gruber et al., 2014; Kang et al., 2008) similar to
that of extrinsic reward (Bromberg-Martin et al., 2010).

Research on cognitive aging has provided evidence for a decline in dopamine-dependent
functioning with age (Morgan, 1987). A proposal by Dizel and colleagues (2010)
highlights a framework entitled ‘Novelty-related Motivation of Anticipation and
exploration by Dopamine’ (NOMAD) that links novelty, dopamine, long-term memory,
plasticity, and energization to each other and in relation to aging. Maximizing the use of
this mechanism has been proposed as a possible mechanism to reduce or delay age-
related memory decline (Diizel et al., 2010; Sakaki et al., 2018). Although dopamine
receptors and transporters are reduced in normal aging, dopamine synthesis capacity may
not be as affected (Karrer et al., 2017). The NOMAD theory suggests that in highly
motivating circumstances (e.g., in a state of high curiosity), older adults can utilize their
remaining dopaminergic functionality to overcome age differences in cognitive function
(Karrer et al., 2017). It is also suggested that older adults can use upregulated dopamine
synthesis capacity as a compensatory mechanism for the reduction of dopamine receptors
(Braskie et al., 2008). This compensatory mechanism combined with the minimized age
differences in cognitive function found when the stimuli are personally salient and/or
more motivating (Charles et al., 2003; Swirsky & Spaniol, 2019) may explain why the
previously described curiosity-driven memory benefits persist as individuals age.
Understanding the ways in which the dopaminergic system compensates for the decline
in dopamine receptors and transporter can have many positive implications for normal

aging adults but also those with Parkinson’s disease (Kaasinen & Rinne, 2002).



2.3 Relationship between curiosity, familiarity, and
information-seeking behaviour

Although curiosity effects are often driven by novelty, the goal of the present study was
to investigate whether the states of familiarity that are associated with unsuccessful recall
in older individuals may also induce curiosity, specifically for the information that could
not be recalled. A common example that adults of all ages may find themselves in and
that illustrates this issue in a real-world situation, involves being at a gathering with new
people. When an individual is introduced to someone new and then they see that person
later in the evening, they may be unable to remember their name. In a situation like this, a
likely next step is to seek out the person who introduced them, so they can be reminded
of their name. This anecdote builds the foundation of the present thesis as an
unsuccessful recall attempt that leads to seeking out the name associated with the familiar
face describes the three key ideas involved in the current work. Thus far, | have discussed
how curiosity has been shown to drive learning benefits (Galli et al., 2018; Gruber et al.,
2014) and how, although recall is generally affected by aging, familiarity-based
recognition is relatively well-preserved (Rhodes et al., 2019). The following section will
connect the concepts of curiosity, preserved feelings of familiarity, and subsequent
information-seeking behaviour in order to provide justification for the idea that
familiarity-induced curiosity could offer a path towards overcoming age-related

difficulties with recall.

To leverage any such potential benefits of curiosity to overcome age-related cognitive
deficits, a comprehensive understanding of the factors that lead to curiosity and of how
curiosity can be exhibited is critical. Kashdan and colleagues (2020) have proposed five
dimensions for curiosity: Joyous Exploration (rewarding experience to seek out new
information), Deprivation Sensitivity (aversion to missing information), Stress Tolerance
(ability to accept doubt appearing due to new or complex experiences), Social Curiosity
(showing interest in other individuals’ thoughts and actions), and Thrill Seeking (those
who enjoy taking risks and acquiring novel experiences). When an individual scores high
on any of these dimensions of curiosity, they are more likely to seek out information

(Kashdan et al., 2018). The 5-Dimensional curiosity scale is based on trait curiosity



which has been shown to decrease throughout adulthood, however, state curiosity appears

to be maintained during aging (Chu & Fung, 2022).

To measure state curiosity in an experimental setting it is possible to focus on objective
markers of an individual’s information-seeking behaviour or to can ask them how curious
they are about an item, which measures curiosity at the subjective level. Information-
seeking can be driven by either intrinsic or extrinsic motivation; however, curiosity is
typically thought of as the result of an intrinsic desire to reduce uncertainty. Therefore,
seeking-out the information you are uncertain about can satisfy one’s curiosity (Gottlieb
et al., 2013). An example of the link between curiosity and information-seeking that can
be found in the real-world is the act of seeking out news and information online. The
pandemic provided Abir et al. (2022) a unique way to study online information-seeking
and curiosity during the early phase of the COVID-19 pandemic. In a study with a large
sample size, researchers measured information-seeking, learning, and concern level for
COVID-19 as a representation of motivation. They found an association between self-
reported levels of concern for COVID-19 and increased seeking of COVID-19 related
information as well as better memory for the newly acquired information (Abir et al.,
2022). This study was one of the first to demonstrate the energizing effect of motivation
on information-seeking which they hypothesize to be due to the motivation levels
changing the average expected utility of the information being sought out. Many of the
original theories of curiosity proposed information-seeking to only be driven by the
utility of the information (Stigler, 1961); however, Loewenstein’s theory (1994) indicates

curiosity and information-seeking may arise from the perception of a gap in knowledge.

A recent development in the curiosity literature that builds on Loewenstein’s theory
(1994) is that it may not always be novel information that drives curiosity. Instead,
familiar information that cannot be recalled may also point to a gap in knowledge and
associated feelings of uncertainty that can motivate information-seeking behaviour
(Brooks et al., 2021, 2023; Metcalfe et al., 2020). With this development in the curiosity
literature, Metcalfe and colleagues (2020) expanded on this idea of an information gap by
indicating curiosity may represent a metacognitive feeling state that is related to an

individual’s Region of Proximal Learning (RPL). When a person believes they are close



10

to knowing a piece of information, they may be more likely to seek out that missing,
rather than completely novel, information (Metcalfe et al., 2020). The RPL model
proposes that when an individual has low confidence and provides a low rating of a
metacognitive judgment (i.e., feeling-of-knowing judgment or familiarity judgment), they
are less likely to seek-out information. Conversely, high levels of curiosity paired with
high ratings for a metacognitive judgment creates the ideal scenario for seeking out and
learning the information. Once an individual has ‘mastered’ the information, they will no
longer be curious about the information and will no longer seek it out (Metcalfe et al.,
2020).

A study by Brooks and colleagues (2023) investigated circumstances under which
familiarity rather than novelty can induce curiosity in the context of memory retrieval.
The critical retrieval factors identified in this work were whether recall was required, the
perceived recall success, and the corresponding metacognitive retrieval experiences. One
of the experiments closely resembled the paradigm used for the two experiments
employed in the current paper. A group of younger adults were subject to a study phase,
followed by a judgement phase and an exploration phase. The study phase consisted of
viewing 52 face-name pairs while they were instructed to remember the association. The
judgment phase had four conditions that the participants were randomly assigned to:
familiarity rating with a recall attempt, feeling-of-knowing (FOK) judgment with a recall
attempt, familiarity rating without a recall attempt, and FOK judgment without a recall
attempt. All 52 faces from the study phase were shown along with 52 additional faces
that served as the novel stimuli. Each face was shown one at a time and participants were
asked to recall the corresponding first and/or last name for each face. Both the FOK and
familiarity judgments were rated on 1 to 6 scale where 1 represented a new face and the 6
represented an old face. Once participants completed all 104 trials, they moved on to the
final phase where the participants were shown two faces side by side. One face was a
previously studied face while the other was a novel face from the judgment phase. The
task in the final phase was to select which face they would like to explore the name for.
The goal was to understand if any of the specific conditions led to an increase in
exploration of the familiar items compared to the novel items. Results demonstrated that

in all conditions, there was a significant positive relationship between ratings for the
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metacognitive judgments and subsequent information-seeking behaviour (Brooks et al.,
2023). In other words, participants sought out the faces they had rated as more familiar or
the faces whose names they thought they were more likely to recognize, regardless of
whether a recall attempt was made. This study also found a significant positive
correlation between the recall response time (RT) for trials where recall was unsuccessful
and the subjective familiarity ratings indicating people spend more time searching their
memory for the name of a face that appear to be more familiar (Brooks et al., 2023). The
act of searching one’s memory is a form of internal information-seeking and this
evidence can therefore be interpreted as another demonstration of the positive

relationship between curiosity and familiarity.

2.4 Current Study

The present study’s first aim was to replicate the findings from Brooks and colleagues
(2023) who found a positive relationship between familiarity and subsequent
information-seeking behaviour. The second aim was to investigate whether the same
relationship between familiarity and information-seeking exists for older adults. The
second experiment aimed to determine whether inducing curiosity through preserved
familiarity could lead to significant benefits of relearning associated information
following an unsuccessful recall attempt. Based on the literature reviewed, several key
findings emerge suggesting that curiosity may indeed be a motivational force that could
be leveraged to overcome recall deficits for names associated with familiar faces in older
adults. Previous work showed that the curiosity-driven memory benefit is preserved in
older adults for semantic information (Galli et al., 2018). The present study expands on
this finding to investigate whether the same curiosity-driven memory benefit is preserved

in older adults for episodic information.

Based on the study by Brooks et al. (2023) that investigated the conditions that led to a
familiarity preference over novelty in information-seeking behaviour, Experiment 1 aims
to replicate the findings from this study in young adults as well as to confirm that this
pattern holds in healthy older adults. Experiment 2 introduces additional conditions to
determine whether familiarity induced curiosity may also have benefits for the relearning

of information that could not be recalled. Specifically, does allowing individuals to
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follow their own curiosity when selecting the information to relearn have greater memory
benefits compared to having the information to relearn assigned to them. Experiment 2

investigates this idea within a group of younger adults but also older adults to understand
whether this benefit is preserved as individuals age.
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Chapter 2

3  Experiment 1

The aims for Experiment 1 are twofold. The first aim was to replicate the findings from
the study by Brooks and colleagues (2023) in which younger adults showed a familiarity
preference for the items that they were more curious about and subsequently chose to
explore. It was expected that the same relationship would be preserved in a group of older
adult participants. Experiment 1a was the original replication of the study design by
Brooks and colleagues (2023) and Experiment 1b employed a similar paradigm with the
addition of multiple-choice questions aimed to test participants’ level of attention to the
details of the instructions. The familiarity preference and its relationship to the
information-seeking behaviours was expected to be demonstrated through a significant
positive correlation between the subjective familiarity ratings and the subsequent
information-seeking behaviour. A significant correlation between the subjective
familiarity ratings and the corresponding response times for preceding unsuccessful recall
attempts would further solidify the preservation of the relationship between familiarity
and information-seeking. The information-seeking here relates to the time spent
searching one’s memory for the corresponding name of a familiar face. These expected
correlations are anticipated to be observed in both age groups. Finally, it was predicted
that the older adults will have lower recall accuracy compared to the younger adults but
comparable performance in familiarity discrimination. If the findings work out as
predicted, | plan to examine whether any preserved curiosity effects can be leveraged to
overcome recall deficits associated with healthy aging. The current experiment included
two highly similar variants of the same general procedure (Experiment 1a and 1b). The
only difference between these variants was addition of multiple-choice questions relating
to the instructions in Experiment 1b that served as independent assessment of the data

quality.
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3.1 Method
3.1.1 Participants

Experiment 1a — After recruitment through the online platform Prolific
(https://www.prolific.co/), 72 English-speaking participants completed Experiment 1a.
Participants were recruited from one of two age groups: young adults (age range 18-35
years; M = 28.1, SD =5.12) and older adults (age range 60-85; M = 70.0, SD = 4.13). The
final sample consisted of 37 participants in the older adult age group (19 females) and 32
participants in a young adult age group (18 females, 1 preferred not to say). The
following exclusion criteria that were implemented for all participants were based on the
criteria used in the study by Brooks and colleagues (2023) to ensure the data collected
online were of similar quality to those collected in person. Any participant who had a
response time greater than 10 s during any catch trial or whose break between phases was
greater than 200 s was excluded. Three participants were excluded due to their break
between phases being greater than 200 s but no participants were excluded based on the
criterion for the catch trials. If a participant failed to use the full familiarity rating scale or
made recall attempts for every trial, they would be excluded as they did not follow the

instructions. No participants were excluded for either of these criteria.

Experiment 1b — After recruitment from the online platform Prolific
(https://www.prolific.co/), 51 English-speaking participants successfully completed
Experiment 1b. Participants were recruited from one of two age groups: young adults and
older adults. The final sample consisted of 21 participants in the older adult age group
(age range 60-85 years; M = 66.1, SD = 4.98, 9 females) and 30 participants in the
younger adult age group (age range 18-35 years; M = 28.9, SD = 4.40, 8 females). No
participants were excluded based on the same exclusion criteria that was used for
Experiment la. Participants who completed Experiment 1a were excluded from

recruitment for Experiment 1b.

The study was approved by the Western University’s Non-Medical Research Ethics
Board. Informed consent was acquired from each participant before the start of the

experiment. A payment of £9 was given to each participant as compensation for their
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time. All experiments were performed in accordance with the approved guidelines and

regulations.

3.1.2 Materials

The face stimuli used in this paradigm came from the Face-Name Association Task
(https://cogniciti.com/). A total of 104 faces were selected from the database and were
balanced for age, race, and gender. The photos were in black and white, and all faces
showed a neutral emotional expression. The face stimuli set has been used for many
aging studies (LaPlume, Anderson, et al., 2022; LaPlume, McKetton, et al., 2022). A
different selection of faces was used in this study compared to the study by Brooks and
colleagues (2023). The new dataset of faces included older and younger faces that were
balanced for gender and race. The same list of names was used in this study as was
selected for the study by Brooks and colleagues (2023). Names were selected from the
U.S. Census Bureau 1990 (https://catalog.data.gov/dataset/names-from-census-1990). A
total of 104 first names with medium frequency within the population (frequency rates
between 0.15% and 0.50%) were selected for the current study. There were four lists of
the face-name pairs to counterbalance the name that was paired with each face and to
counterbalance which face-name pairs served as an old item or a novel item. The names
were matched to the faces based on gender. Versions A and B had the same face-name
pairs but those that appeared in the study phase in Version A served as the novel faces in
Version B and vice-versa. Versions C and D had different face-name pairs than A and B.
The faces that appeared in the study phase of version C served as the novel faces in

Version D and vice-versa.

3.1.3 Procedure

Experiment 1a — The behavioural paradigm used for the current study was coded in
PsychoPy (https://www.psychopy.org/), using the Builder tool (Peirce et al., 2019), and
was administered online through Pavlovia (https://pavlovia.org/). With the experiment
being conducted online, participants used their own computers. Experiment 1a and 1b
had three phases: a study phase, a memory-judgement phase, and an exploration phase

(see Figure 1). The entire experiment took approximately 30 min to complete. The task
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set-up from this experiment was based on the familiarity task used by Brooks and

colleagues (e.g., Brooks et al., 2023).

During the first phase of the experiment, participants were asked to memorize a series of
52 face-name pairs. Each pair appeared on the screen for 3 s with the name centred on the
bottom of the screen and the face positioned above. A 500 ms inter-stimulus interval (ISI)
then appeared, followed by the next face-name pair. A break was given halfway through
the study phase. Once participants studied all 52 face-name pairs, the entire phase was
repeated an additional two times for a total of three exposures of the same pairs. The

pairs were presented in a random order all three times.

The second phase involved participants providing memory-judgements. In a random
order, participants were presented 104 faces of which 52 had been previously seen during
the study phase and 52 served as novel faces. Each face was presented one at a time and
participants were first asked to recall the name and then were asked to rate how familiar
the face was to them on a 6-point Likert scale from 1 to 6 (i.e., 1‘very unfamiliar’ to 6
‘very familiar’). When prompted, participants typed their recall attempt then pressed the
‘enter’ key to move on to the familiarity question. If the name could not be recalled,
participants were instructed to press the ‘enter’ key without typing a guess. Both the
recall task and the familiarity judgements were self-paced. Each trial was followed by a

500 ms ISI to indicate the next trial was to begin.

The third and final phase of the experiment was the exploration phase in which |
examined the influence of previously expressed familiarity for faces on subsequent
information-seeking behaviour for corresponding names. During this phase of the study,
participants were presented two faces side-by-side. The two faces were matched for age,
race, and gender. However, one face had been studied initially during the encoding phase
and the other face was a novel face whose name had not been previously studied but the
face was presented during the memory-judgment phase. The side of the screen that the
familiar face was presented on was randomized across trials. Participants were instructed
to select for which face they would like to be shown the associated name for. The

selection was made by clicking either the right or left arrow on their keyboard at the
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participants’ own pace. Once the selection was made, the selected face and its associated
name were presented together on the screen for 3 s followed by a 500 ms ISI before the

next trial began. This final phase included 52 trials.

Throughout each phase of the experiment, catch trials were pseudo-randomly included as
an attention check to ensure participants were engaged in the task. During the catch trials,
participants were shown a blue square and were instructed to respond as quickly as
possible with a button press that was not used for other tasks in the experiment. These
trials occurred once in every 52 trials (i.e., one catch trial in each half of the memory-

judgement phase and one during the final exploration phase).

Experiment 1b — The procedure for Experiment 1b was identical to the procedure for
Experiment 1a aside from the addition of eight multiple-choice questions presented
throughout the experiment between the instructions and the beginning of each phase (see
Appendix A). The additional multiple-choice questions served as engagement checks as
the questions asked participants about details of the instructions. With these multiple-
choice questions, | was able to see whether participants understood the instructions based
on their accuracy and how engaged they were based on their response time. These
multiple-choice questions were added for Experiment 1b in response to an unexpected
lack of difference in recall accuracy rates across the two age groups originally found in

Experiment la.
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Phase 1: Study Phase (x3)

Damon | 500 ms
Gloria .
x 52 trials
3s
Phase 2: Memory Judgment Phase
How familiar is this face?
‘What is their name?
Type below then hit Enter 1 — very unfamiliar, +
2 — unfamiliar,
3 —slightly unfamiliar, 4 —
slightly familiar,
5- familiar
6 — very familiar
| 500 ms
self-paced .
x 104 trials

self-paced

Phase 3: Exploration Phase

Which face would you like to
be shown the name for?

| /
self-paced X 52 trials

Figure 1: Behavioural paradigm. Phase 1 to 3 in Experiment 1a and 1b. In Phase 1

+

participants were instructed to encode a set of face-name pairs. In Phase 2, they
were asked to recall the names corresponding to the faces presented. This was
followed by a familiarity judgment based on a 6-point Likert scale. In Phase 3,
participants were presented pairs of faces presented side-by-side and were

instructed to select the one for which they could explore the corresponding name.
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3.2 Results

Experiments 1a and 1b included two age groups that were compared throughout the
analyses. The different analyses included one-sample t-tests, independent sample t-test,
and two-way between-subjects ANOVAs. Additionally, Gamma and Pearson correlations
were used to analyze the relationship between familiarity ratings and either exploration
choices or recall response time (RT). The key dependent variables were the recall
accuracy rates, subjective familiarity ratings, recall response times, and the exploration
choices. Due to the similarities between Experiment 1a and 1b, the following description
of the results combine the two datasets. Prior to pooling data from both experiments, the
results were compared on key measures to ensure the two datasets did not differ
significantly in any major aspect. The three key results that were compared to ensure
there were no significant differences between the two groups were the recall accuracy, d’
scores, and the relationship between familiarity ratings and subsequent information-
seeking behaviours. Results showed no main effect of the experiment version for any of
these measures. A specific breakdown for the results from Experiments 1a and 1b can be

found in Appendix B.

3.2.1 Comparison of recall accuracy between age groups

One of the most well-documented age-related memory deficits is the recall deficit (Craik
& McDowd, 1987). An independent samples t-test compared to recall accuracies of the
two age groups. The recall accuracy rate was calculated by dividing the total number of
successful recall attempts by the total number of trials and multiplying by 100 to find the
percent of successful recall trials. It was expected that | would see a recall deficit among
the older adults. However, the older adults (M = 12.75%, SD = 10.23%) did not have a
significantly different recall accuracy rate compared to the younger adults (M = 12.69%,
SD =10.42%), t(117) = 0.031, p = .975 (see Figure 2).
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Figure 2: Overall recall accuracy for older and younger adults. The average recall
accuracy rate for the older adults was not significantly different from the younger

adults. n.s. p > .05.

As mentioned previously, another way to look at information-seeking is through memory
search duration. It was hypothesized that if a face is more familiar, a person will spend
more time trying to recall the name. Recall response time was measured as the time from
initial presentation of the face until the enter key was pressed during the recall trial. For
trials that ultimately ended with unsuccessful recall, older adults had an average recall
response time of 4.27 s and the younger adults had an average of 3.91 s. An independent
samples t-test showed no significant difference between the older adults and younger
adults for their average recall response times for trials with unsuccessful recall, t(649) =
1.21, p = .227. Using a Pearson correlation, | can look at the correlation between the
subjective familiarity ratings and the recall response time for trials where participants
were unable to recall the associated name. Both the older adults (Mean r = 0.46, SD =
0.22) and the younger adults (Mean r = 0.37, SD = 0.22) had Pearson correlations that
were significantly above zero (older adults: t(50) = 15.19, p <.001; younger adults: t(55)
=11.57, p <.001). There was a significant difference in the Pearson correlations between

the two age groups, t(105) = 2.02, p = .046, where the older adults spend more time
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trying to recall the names they rated as more familiar when they were ultimately unable

to recall the name (Figure 3).

r=0.46***

Recall Response Time (s)
w N

1 2 3 4 5 6
Familiarity Rating

== Older Adults Younger Adults

Figure 3: Average recall response time for different values of familiarity ratings in

both age groups under conditions in which recall was unsuccessful. *** p <.001.

3.2.2  Comparison of familiarity ratings across age groups

A signal detection calculation and the corresponding d’ scores were used to test for age
differences in familiarity ratings. This is a measure of memory discrimination that
considers hit rates in relationship to false-alarm rates. A hit suggests a participant was
able to accurately describe an old face as more familiar whereas a false alarm indicates a
novel face was rated as highly familiar. A d' value above zero demonstrates an individual
was able to discriminate correctly between familiar and novel faces at an above chance
level. The familiarity judgments were made on a continuous scale. To binarize the
continuous familiarity rating scale for the signal detection calculation, a rating of 4-6
assigned to a previously studied face was marked as a hit and a rating of 4-6 assigned to a
novel face was marked as a false alarm. A familiarity rating of 1-3 for a previously
studied face is considered a miss and the same rating for a novel face was a correct

rejection.
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Overall, both age groups were able to differentiate between the previously shown and
novel faces by correctly identifying the previously shown faces as more familiar and the
novel faces as less familiar. A one-sample t-test showed the older adults (M = 1.97, SD =
0.82) had an average d’ score that was significantly above zero, t(56) = 18.20, p <.001.
Another one-sample t-test indicated that the group of younger adults (M = 1.70, SD =
0.87) also had an average d’ score that was significantly above zero, t(60) = 15.33, p <
.001. The two age groups’ d’ scores did not differ significantly when comparing them
using an independent-samples t-test, t(116) = 1.73, p = .086. Both age groups had average
d’ scores significantly above zero thus demonstrating that both age groups were able to
correctly identify previously presented faces as more familiar and novel faces as less

familiar (see Figure 4).

d" Scores

Older Adults Younger Adults
Age

Figure 4: Violin plot of the range of d* scores for older and younger adults. Both age
groups had a mean d' score above zero that did not differ across groups, indicating
they were both able to discriminate previously studied faces from novel faces. n.s p
> .05.

Another way to ensure participants were able to identify a previously shown face as more
familiar than a novel face is to check the average familiarity rating for each face type. An

independent samples t-test was used to compare the average familiarity rating of the
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novel faces to the previously studied faces. The older adults’ familiarity ratings for the
previously studied faces (M = 4.58, SD = 0.73) were significantly higher than the
familiarity ratings for the novel faces (M = 1.94, SD = 0.53), t(107) = 21.43, p < .001.
The younger adults’ average familiarity ratings for the previously studied faces (M =
4.18, SD = 0.82) were significantly higher than the average familiarity ratings for the
novel faces (M = 1.96, SD = 0.64), t(117) = 16.45, p <.001 (Figure 5). When the age and
item type were compared in a two-way ANOVA, there was a significant main effect of
item type, F(1, 224) = 698.24, p <.001, with previously studied items and a main effect
of age, F(1,224) = 4.25, p = .040. There was also a significant interaction between age
and item type, F(1,224) = 4.83, p = .029.

o

koK KOk

RS w

Mean Familiarity Rating
w

1
0
Previously Novel Previously Novel
Studied Studied
Older Adults Younger Adults

Figure 5: Average familiarity ratings for previously studied and novel faces for both
age groups. The average familiarity rating for the previously studied faces was
significantly higher than for the novel faces in both age groups. *** p <.001. * p <
.05.

3.2.3 Preserved relationship between familiarity and subsequent
information-seeking behaviours

The main question Experiment 1 aims to address is whether the familiarity preference

shown in the study by Brooks and colleagues (2023) is preserved in older adults. The



24

preservation of the familiarity preference would demonstrate that curiosity, measured
objectively through information-seeking, can be induced by feelings of familiarity in the
absence of successful recall. As a replication for the study by Brooks et al. (2023), |
checked for an objective familiarity preference among the younger adults using the
proportion of familiar faces selected for restudy. This was calculated by comparing the
frequency of selecting the previously studied faces to the frequency of selecting a novel
face during the exploration phase. An independent samples t-test was used to compare the
proportion of familiar faces selected during the exploration phase compared to the novel
face for the older and younger adults. Both the group of older adults (M = 71.90%, SD =
14.68%) and the younger adults (M = 57.66%, SD = 17.93%) selected the previously
studied face, or familiar face, significantly more often than the novel face, t(112) = 15.92,
p <.001; t(122) = 4.76, p < .001, respectively, during the exploration phase. The older
adults selected the previously studied face significantly more often than the younger
adults, t(117) = -4.71, p < .001. Participants in both age groups chose to explore the
objectively more familiar face more often than the novel face during the exploration
phase of the experiment. Using a Gamma correlation, | compared the subjective
familiarity ratings to the information-seeking behaviour to determine if participants
selected the subjectively more familiar face to explore following an unsuccessful recall
attempt (Figure 6). The Gamma correlation was significantly above zero for both the
older adult group (Mean »=0.51, SD = 0.33; t(55) = 11.62, p <.001) and the younger
adult group (Mean y=0.28, SD =0.37; t(60) = 7.74, p < .001). There was also a
significant difference between the two age groups, t(115) = 3.52, p <.001, demonstrating
a stronger preference for the more familiar faces among the older adults compared to the
younger adults. Due to the lack of recall deficit among the older adults, | wanted to
ensure this relationship was preserved even when a recall deficit was present. To do this,
| compared the relationship between the subjective familiarity ratings and the subsequent
information-seeking behaviour for the younger adults with the highest recall accuracy
rates to the older adults with the lowest recall accuracy rates. Older adults with the lowest
recall accuracy had an average Gamma correlation (Mean y= 0.69, SD = 0.27) that was
significantly above zero, t(27) = 13.70, p < .001. Younger adults with the highest recall

accuracy had an average Gamma correlation (Mean y = 0.30, SD =0.40) that was
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significantly above zero, t(29) = 4.08, p <.001. The stronger preference for familiar items

among the older adults also was preserved in this analysis, t(56) = 4.34, p < .001.
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Figure 6: Relationship between familiarity ratings and information-seeking for
older and younger adults. The degree of familiarity is positively correlated with

subsequent information-seeking for both age groups for trials with unsuccessful
recall. *** p<.001.

3.3 Discussion

Recent work has argued against the idea that for curiosity to exist, novelty must be
present (Brooks et al., 2021; Wade & Kidd, 2019). Identifying a gap in knowledge can
lead to information-seeking for familiar items rather than novel items (Metcalfe et al.,
2020). One aim for the current study was to replicate the findings from the study by
Brooks and colleagues (2023) that demonstrates this induction of curiosity for names
associated with familiar faces that could not be recalled successfully. Using a behavioural
paradigm that was almost identical to one employed by Brooks et al. (2023), | found the
same relationship between familiarity and information-seeking in the group of younger

adults. Critically, the findings of the current study also demonstrated a preservation of
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this relationship throughout late adulthood as the older adults had a similar, if not more
pronounced, relationship between feelings of familiarity and information-seeking. This
pattern was observed in the context of unimpaired familiarity discrimination in older
adults. Based on the results from Experiment 1, I aim to extend the findings in a follow-
up experiment in an effort to determine whether this preserved curiosity for unrecalled
names of familiar items can be leveraged to help overcome recall impairments in older

adults.

The results from the current study demonstrated a preservation of familiarity
discrimination in older adults. Although recall from episodic memory tends to be
negatively affected by aging (Koen & Yonelinas, 2014; Souchay et al., 2000), familiarity
and recognition memory are relatively well-preserved throughout the human lifespan
(Bastin & Van der Linden, 2003; Craik & McDowd, 1987). Therefore, the older and
younger adults were expected to have accurate familiarity judgments. The ratings were
compared, first by using the average familiarity ratings for the previously presented and
novel faces so as to replicate the analysis from Brooks et al. (2023). Findings were
confirmed with a second type of analysis using a signal detection calculation as employed
in previous studies that examined familiarity and recognition memory (for review see
Koen & Yonelinas, 2014). Both methods showed comparable accuracy in the familiarity
judgments for both the older and younger adults. As the remaining results are discussed,
it is understood that both the older and the younger adults were able to correctly identify

the previously studied as more familiar than the novel faces.

An unexpected finding in Experiments 1a and 1b was the lack of a recall deficit for
previously learned names in older as compared to younger adults. Recent work from
other labs revealed that conducting studies online can reduce the difference in recall
accuracy between younger and older adults (Swirsky & Spaniol, 2023). Douglas et al.
(2023) compared the different online testing platforms and found that Prolific has the best
quality data and offers the most representative samples among of all the available online
platforms they tested. The older adults who participate in online studies are likely more
technologically advanced compared to their same age peers who do not participate in

online studies. At the same time, younger adults may not be as motivated or engaged in
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the task on online platforms as when tested in lab settings. When older adults are more
accustomed to using technology, they see many benefits including improved episodic
memory and processing speed (Chan et al., 2016). These ideas combined may account for
the unexpected decrease in the difference between younger adults and older adults’ recall

accuracy.

The results of Experiments 1a and 1b have successfully replicated the findings from the
study by Brooks and colleagues (2023). As was shown in the previous study, the younger
adults in the current study preferred the more familiar faces when given an opportunity to
select associated names for exploration. As an expansion on the previous study, | have
found that older adults similarly prefer the more familiar faces that they previously
studied for exploration. To the extent that curiosity is shown to boost learning outcomes
(Gruber et al., 2014; Kang et al., 2008), an interesting question that arises from the results
of Experiments 1a and 1b and this concept is whether the observed curiosity induced by
face familiarity in the current study also may have benefits for the relearning of the
associated names but could not be recalled successfully. This question is of particular

importance in the context of cognitive aging. Experiment 2 aims to answer this question.
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Chapter 3

4  Experiment 2

The aim for Experiment 2 was to expand the findings from Experiment 1 by investigating
whether curiosity induced by preserved familiarity could lead to significant benefits for
relearning of associated information that could not be recalled. An additional question of
interest was whether any such benefits are preserved in older adults. To determine
whether the effects of curiosity on subsequent information seeking go hand in hand with
benefits for relearning, | conducted an experiment similar to Experiment 1b and
introduced two conditions to examine the benefits of relearning. One condition provided
agency to participants during information seeking behaviour, which allowed them to
follow their curiosity. The other condition did not provide an opportunity to act on their
curiosity. | predicted that those who can follow their own curiosity and select the faces
for which they would like to be shown the associated name during the exploration phase
would perform better on a subsequent recall test compared to those for whom the names
were preselected. To ensure any agency effect would reflect the critical role of curiosity
in learning benefits, all other aspects of the experiment were matched between the two
conditions. Given that a recall deficit is a well-documented marker of age-related
memory decline (see Craik & McDowd, 1987; Perrotin et al., 2006; Rhodes et al., 2019),
one might expect the older adults to have a lower recall rate compared to the younger
adults. To the extent that no such deficit was observed in Experiment 1, however, an
alternate prediction is that with the online setup employed in this study, no recall
impairment would be present in older adults in Experiment 2 either. It was also predicted
that the age groups would not differ in their ability to distinguish between familiar and
novel items as observed in Experiment 1 and as reported in the literature on recognition
memory more broadly (Bartlett & Fulton, 1991; Bastin & Van der Linden, 2003; Koen &
Yonelinas, 2014; Yonelinas, 2002).
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4.1 Method
4.1.1  Participants

After recruitment from the online platform Prolific (https://www.prolific.co/), 125
English-speaking participants completed Experiment 2. The final dataset consisted of 117
participants. A total of 57 participants belonged to the younger adult group (age range 18-
35; M =27.9, SD = 4.48, 18 females, 1 non-binary/third gender) and 60 belonged to the
older adult group (age range 65-80; M = 69.0, SD = 3.61, 34 females). The same
exclusion criteria that were implemented for all participants was set based on the criteria
used in the study by Brooks and colleagues (2023) to ensure data collected online is of
similar quality to that collected in person. Any participant who had a response time
greater than 10 s during any catch trial or whose break between phases was greater than
200 s. Two participants were excluded because the instructions were not followed as
incorrect recall attempts were made for all trials while the instructions asked participants
not to guess if they were unsure. A total of six participants were excluded due to breaks
between phases being greater than 200 s. No participants were excluded based on the

response time for the catch trials.

The study was approved by the Western University’s Non-Medical Research Ethics
Board. Informed consent was acquired from each participant before the start of the
experiment. Participants were compensated £9 for their participation in the experiment.
All experiments were performed in accordance with the approved guidelines and

regulations.

4.1.2 Materials

The materials used for Experiment 2 were identical to those found in Experiment 1.

4.1.3 Procedure

The paradigm for Experiment 2 resembles that from Experiment 1b. Experiment 2
consisted of four phases: 1) a study phase, 2) a memory-judgement phase, 3) an
exploration phase, and 4) a final recall test (Figure 7). The experiment took about 35 min

to complete. Phases 1 and 2 were identical to the first two phases of Experiment 1b.
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Before the experiment began, participants were assigned randomly to one of two

conditions for the exploration phase — Assigned or Choice.

The exploration phase for the Choice condition was identical to the exploration phase in
Experiment 1b. Participants randomly assigned to the Assigned condition had the same
faces presented side-by-side, however, the name to be shown was preselected. To ensure
the only difference between the two groups was the ability for the participants to follow
their own curiosity when selecting the face to relearn the associated name for, the number
of previously presented faces was randomized based on the results from Experiment 1.
For each participant in the Assigned condition, a number between 22 and 41 was
selected. This range reflected the average number of previously presented, familiar faces
selected by participants in Experiment 1 plus or minus 1 SD. That randomly selected
number then became the number of previously presented faces preselected for restudy.
To adjust the presentation time of the face pairs in the Assigned condition, the average
exploration judgment RT from Experiment 1 plus or minus 1 SD was used. A time
between 1.5 and 3.2 s was randomly selected for each trial to match the estimated
presentation time individuals experienced in the Choice group. Once the assigned time
passed, the preselected face and its associated name were presented together on the
screen for 3 s followed by a 500 ms ISI before the next two faces were shown as pairs.
This final phase proceeded through 52 trials, as all 52 previously studied and all 52 novel
faces were presented.

Another key difference between Experiment 1b and 2 was the final phase of Experiment
2 was a cued recall test for the previously studied faces. All 52 faces from the initial
encoding phase were presented one at a time and participants were asked to recall the
associated name. Similar to the first recall test, participants were instructed to move on to
the next face if they were unsure rather than make a guess. Providing recall responses

was self-paced and a 500 ms ISI was presented between trials.



Phase 1: Study Phase (x3)

Damon
3s

Gloria x 52 trials

3s

Phase 2: Memory Judgment Phase
How familiar is this
‘What 1s their name? face?
Type below then hit Enter
1 — very unfamiliar,
2 — unfamiliar, +
3 —slightly unfamiliar,
4 —slightly familiar,
5- fmmlmr
6 — very familiar I 500 ms
| self-paced x 104 trials

self-paced

Phase 3: Exploration Phase
‘Which face would you like to
be shown the name for?
Damon
3s X 52 trials
. Damon
Phase 4: Final Recall Test iy
What is their name?
Type below then hit Enter
‘What is their name?
Type below then hit Enter
| 3s
500 ms
X 52 trials

3s
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Figure 7: Behavioural paradigm for Experiment 2. Phase 1 to 3 in Experiment 1la
and 1b. In Phase 1, participants were instructed to encode a set of face-name pairs.
In Phase 2, they were asked to recall the names corresponding to the faces
presented. This was followed by a familiarity judgment based on a 6-point Likert
scale. In Phase 3, participants were presented pairs of faces side-by-side and were
assigned to either the Choice condition or Assigned condition. Those in the Choice
condition were instructed to select the one for which they could explore the
corresponding name whereas those in the Assigned condition had the selection made
for them. In Phase 4, all participants had a final recall test only for the faces

presented in Phase 1.

4.2 Results

Experiment 2 included testing of participants from two age groups in two conditions that
were compared in all analyses. The different analyses included one-sample t-tests,
independent sample t-tests, and two-way between subject’s ANOV As. Additionally,
Gamma and Pearson correlations were used to analyze the relationship between the
various measures. The key dependent variables of interest were the recall accuracy rates
on the initial and final recall tests, subjective familiarity ratings, recall response times,
and the exploration choices in the Choice condition. Demonstrating that the Assigned
condition and Choice condition did not differ on any measure, aside from final recall
performance, is important for interpretation of data on the latter and for attributing any
differential benefits of relearning to agency during the exploration phase. Of particular
interest in this context are the results for the initial recall phase, the d’ prime scores, the
average familiarity ratings, and finally, the number of previously presented faces shown
during the exploration phase to ensure the two conditions did not differ. There were no

significant differences between the two conditions in any of these key results in either age
group.
4.2.1 Results from initial recall test

Before comparing the results of the two age groups, it was important to show that the two

experimental conditions did not differ in their initial recall scores as the procedure was
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identical up to this point. A two-way ANOVA was conducted to compare the initial recall
accuracies for the two age groups (older and younger adults) and the two conditions
(Assigned and Choice). There was no significant main effect of condition for the initial
recall test (Choice: M = 13.3%, SD = 7.91%; Assigned: M = 11.7%, SD = 8.08%), F(1,
113) =0.72, p = .399. There also was no main effect of age for the initial recall test
(Older adults: M =11.7%, SD = 10.2%; Younger adults: M = 11.7%, SD = 8.08%), F(1,
113) = 1.04, p = .311. The interaction between age and condition was not significant, F(1,
113) = 0.643, p = .424.

4.2.2  Comparison of familiarity ratings across groups

A two-way ANOVA was used to compare the d’ scores from all trials between the two
conditions (Assigned versus Choice) and two age groups (older adults versus younger
adults). One-sample t-tests were used to ensure all the groups had d’ scores that were
significantly above zero. There was no significant main effect of condition for the d’
scores (Choice: M = 2.02, SD = 0.73; Assigned: M =1.91, SD =0.79), F(1,110) = 0.575,
p = .450. The older adults had an average d’ score (M = 1.89, SD = 0.79) that was
significantly above zero, t(57) = 21.15, p < .001. The younger adults also had an average
d’ score (M = 2.03, SD = 0.73) that was significantly above zero, t(55) = 17.99, p <.001.
The two-way ANOVA for the d’ scores showed no main effect of age, F(1,113) = 0.877,
p = .351, indicating the two groups had similar d’ scores (Figure 8). The interaction
between condition and age was also not significant, F(1,110) = 1.43, p =.235. Overall,
both older and younger adults were able to differentiate between the previously studied
faces and the novel faces by correctly identifying the previously studied faces as more
familiar and the novel faces as less familiar. From the similar d” scores, | can see that the

ability to discriminate between familiar and novel items is preserved in late adulthood.
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Figure 8: Violin plot for range of d' scores in familiarity discrimination for older
adults (OA) and younger adults (YA) in the Choice and Assigned condition. n.s. p >
.05.

Another way to ensure there is validity in the subjective familiarity ratings was to
compare the average familiarity rating for each face type. A two-way between-subjects
ANOVA was also conducted to compare the average familiarity ratings for the previously
studied faces between the two conditions and the two age groups (Figure 8). There was
no significant main effect of condition for the average familiarity rating for the
previously shown faces (Choice: M = 4.5, SD = 0.77; Assigned: M = 4.48, SD = 0.74),
F(1,113) = 0.016, p = .899. The main effect of age was not significant (Older adults: M =
4.61, SD = 0.67; Younger adults: M = 4.36, SD = 0.81), F(1,113) = 3.30, p = 0.072. The
interaction between age and condition was not significant, F(1,113) = 0.032, p = .859.

4.2.3  Preserved relationship between familiarity and information-
seeking behaviour

A crucial comparison is the average number of previously studied faces presented during

the exploration phase between the two conditions. It is crucial that participants in both

conditions saw the same number of previously studied faces during the exploration phase
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because the final recall test consisted only of the faces shown during the initial encoding
phase. One condition in which participants saw more previously studied faces during the
exploration phase than the other condition could explain a difference between accuracy
rates in the final recall test. There was a significant main effect of condition for the
number of previously studied faces shown during the exploration phase (Choice: M =
34.1, SD =9.91; Assigned: M = 31.3, SD =5.34), F(1,113) =4.02, p = .047. The main
effect of age was not significant (Older adults: M = 33.7, SD = 7.88; Younger adults: M =
31.5, SD =7.95), F(1,113) = 2.58, p = .111. There was also a significant interaction
between age and condition, F(1,113) =5.17, p = .025. As can be seen in Figure 9, the
older adults in the Choice condition restudied the greatest number of previously studied
faces out of all the conditions while the other three conditions saw similar numbers. This
pattern is in line with the findings from Experiment 1 that showing that older adults
demonstrate a stronger preference for familiar items than the younger adults. Although
the number differed statistically across conditions and age groups, it is sufficiently

similar to warrant comparison of the critical experimental conditions in both age groups.

[ [ [ [ L
[=] L [=] A [=]

Mumber of Previously Studied Faces shown in
Exploration Phase
w

[=]

Choice Assigned Choice Assigned

Older Adults Younger Adults

Figure 9: Comparison of the number of previously studied faces shown during the
exploration phase for the older and younger adults in the Choice and Assigned

conditions. * p <.05. n.s. p > .05.



36

424 Results from the final recall test

The

central aim of the current study was to investigate whether there are learning benefits
associated with familiarity-induced curiosity and if so, whether these are comparable for
younger and older adults. It was predicted that following one’s own curiosity to select
items to relearn would significantly improve individuals” memory for the explored items
compared to those who did not have the opportunity to follow their curiosity during
relearning. When analyzing the results, I can first compare the overall accuracy rates in
the final recall test using a two-way ANOVA (Figure 10). There was a significant main
effect of condition, where the average accuracy rate was significantly higher in the
Choice condition (M = 39.3%, SD = 20.3%) compared to the Assigned condition (M =
30.1%, SD = 20.0%), F(1, 113) = 6.12, p = .015. There was no main effect of age (Older
Adults: M = 31.7%, SD = 19.2%:; Young Adults: M = 37.4%, SD = 21.7%), F(1, 113) =
2.16, p = .144. The interaction between condition and age was not significant for the

overall accuracy in the final recall test, F(1, 113) = 1.65, p = .201.
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Figure 10: Difference in recall accuracy between initial recall test and final recall

test for all four groups.

Another way | can look at the effect of agency on the curiosity-induced learning benefits
is by comparing the improvement in recall from the initial recall test to the final recall
test. The accuracy rates for the initial recall test were originally scored out of 104 trials,
however, only 52 of them were previously studied. To make a valid comparison between
the two recall tests, the overall number of correct names for the initial recall performance
was re-scored as a proportion out of 52 trials for this analysis. The difference between the
accuracy rates of the two recall tests was calculated by subtracting the accuracy score on
the initial test from the accuracy score on the final recall test for each participant. A two-
way ANOVA then compared the difference in recall scores for each group. There was a
significant main effect of condition, where the difference in the recall rates was
significantly greater in the Choice condition (M = 12.6%, SD = 11.0%) than the Assigned
condition (M = 6.30%, SD = 7.52%), F(1,113) = 13.13, p <.001. There was no main
effect of age (Older Adults: M = 8.27%, SD = 7.84%; Young Adults: M =10.4%, SD =
11.6%), F(1,113) = 1.30, p = .256. The interaction between age and condition was also
not significant, F(1,113) = 1.37, p = .245. The significant main effect of condition shows
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that those who had agency in the exploration phase benefitted significantly more from the
relearning of the face-name pairs they were curious about compared to those who were

assigned names for relearning.

4.3 Discussion

Previous studies have shown a general learning benefit for older and younger adults when
individuals are in a state of high curiosity (Galli et al., 2018; Gruber et al., 2014;
McGillivray et al., 2015). These past studies have used trivia questions to investigate how
curiosity can create learning benefits for the semantic information as well as incidentally
learned faces. The current study expands on the existing literature by addressing the
curiosity-driven memory benefits for episodic information. The behavioural paradigm
used in Experiment 2 was designed to provide participants with the opportunity to relearn
information either by choice or through assignment. | was then able to look at whether
allowing participants to follow their own curiosity to select items to relearn would lead to
an increase in the learning benefit. In Experiment 1, I observed that younger and older
adults tend to seek out information they could not recall for items that were more familiar
to them. This finding was replicated among the participants in the Choice condition as the
Choice condition was identical to Experiment 1. The key aim for Experiment 2 was to
determine whether the act of seeking out the information that one is curious about can
lead to improved recall during relearning. Participants in both the Choice and Assigned
condition benefited from relearning the previously studied face-name pairs, however, the
participants in the Choice condition had a greater improvement in accuracy from the first
recall test to the final recall test compared to the Assigned condition. The Choice
condition group also had an overall higher recall accuracy rate in the final test compared
to the Assigned group. These findings were all observed in the context of unimpaired

familiarity discrimination in older adults.

The paradigm of the current study was identical between the two conditions aside from
the exploration phase. With that, the data from the tasks in the phases leading up to the
exploration phase should not be significantly different between the two conditions. The
initial recall test accuracy, the d’ prime scores, the average familiarity ratings, and the

correlation between the recall RT and the subjective familiarity ratings were compared
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between the two conditions. None of these measures differed between the two conditions
which demonstrates the experimental set-up successfully controlled for all aspects of the
procedure to ensure the reason for a difference in recall was related to having the
opportunity to follow one’s own curiosity. Although the older adults in the Choice
condition had a significantly greater number of previously studied faces presented to
them during the exploration phase compared to the other three groups, there was no main
effect of age and no significant interaction between age and condition. This suggests that
the older adults in the Choice condition who relearned more of the previously studied
faces did not skew the results in the final recall test. The greater number of familiar faces
selected to relearn among the older adults matches the findings from Experiment 1 that
suggests older adults may have a stronger preference for the familiar faces. If the current
study was replicated in the future, the group of older adults in the Assigned condition
could be shown a greater number of previously studied faces to match that of the older
adults in the Choice condition. | would not predict the results from a study with this
change to have significantly different results than the current study. Further analyses of
the current data that focus only on final recall accuracy for previously studied items that

were presented for relearning could provide more clarity.

Overall, the key finding from the current study was the significant difference between the
final recall scores of the Assigned condition versus the Choice condition. Additionally,
the improvement from the initial recall test to the final recall test was significantly higher
for those in the Choice condition compared to those in the Assigned condition. Not only
were these results shown in the group of younger adults, but also within the group of
older adults. This pattern of results suggests that having an opportunity to follow
familiarity-driven curiosity following unsuccessful recall offers significant learning

benefit for both younger adults and healthy, older adults.
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Chapter 4

5 Discussion

Across the two experiments of the current thesis, there were three key aims. First, | aimed
to replicate the findings from the study by Brooks and colleagues (2023) which
demonstrated a positive relationship between subjective familiarity ratings for faces in
the context of unsuccessful name recall and subsequent information-seeking behaviour.
Additionally, I aimed to determine whether the same relationship was preserved in a
population of older adults. Our third goal was to determine whether acting on the
curiosity induced by the unsuccessful recall of the names associated with familiar faces
could provide benefits for the relearning of those names. Results from Experiment 1
demonstrated the same positive relationship between familiarity and choices in
information-seeking behaviour in the group of younger adults that was reported in the
study by Brooks and colleagues (2023). Critically, the findings of the current study also
demonstrated a preservation of this relationship throughout late adulthood as the older
adults tested had a similar, if not more pronounced, positive relationship between feelings
of familiarity and information-seeking. This pattern was observed in the context of
unimpaired familiarity discrimination in older adults. In Experiment 2, | found that giving
participants an opportunity to follow their own curiosity when exploring information that
could not be recalled led to greater improvements in overall recall accuracy than
exposure to such information under conditions in which curiosity could not be acted upon
during relearning. This pattern of findings was observed for both the older and younger
adults.

Results from both Experiment 1 and Experiment 2 demonstrated a preservation of
familiarity discrimination among the older and younger participants. The familiarity
ratings were compared using two different methods for both age groups in both
experiments. The first method compared the average familiarity ratings for the previously
studied to the novel faces to replicate the analysis from Brooks et al. (2023). The second
method used a signal detection calculation as seen in previous studies that have looked at
familiarity and recognition memory (for review see Koen & Yonelinas, 2014). Both

methods revealed comparable accuracy in the familiarity judgments for both older and
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younger adults in both Experiment 1 and Experiment 2. These results demonstrate
preserved discrimination between previously studied faces and novel faces based on their
familiarity in older adults in situations in which corresponding names cannot be recalled.
Even though many types of memory and memory retrieval are affected by aging (Bastin
& Van der Linden, 2003; Craik & McDowd, 1987; Danckert & Craik, 2013a), familiarity
accuracy has been shown to be relatively well preserved in numerous other studies
(Bartlett & Fulton, 1991; Bastin & Van der Linden, 2003; for review see Koen &
Yonelinas, 2014). It was critical to first demonstrate the preservation of familiarity
discrimination in older adults in the current experimental paradigm as one of the goals of
this work was to determine whether familiarity-induced curiosity could be leveraged to

create learning benefits following unsuccessful name recall with familiar faces.

An unexpected finding that was observed in both experiments was the lack of a clear
recall deficit for the previously learned names in older adults as compared to younger
adults. This was unexpected as such recall deficits have been commonly reported in the
broader memory literature (Danckert & Craik, 2013a; Rhodes et al., 2019). A possible
explanation for this outcome relates to the fact that the current data were collected online.
Recent work has found that conducting studies online can reduce the difference in recall
accuracy between younger and older adults (Swirsky & Spaniol, 2023). Out of all the
different online recruitment platforms available (such as Prolific, MTurk, SONA, etc.),
Prolific has been found to have the best quality data and the most representative samples
(Douglas et al., 2023; Peer et al., 2021). With that in mind, it is unlikely that the lack of a
significant recall deficit between the two age groups observed here is specifically tied to
the platform employed to collect data. A main issue associated with testing both older
and younger adults in an online study, however, is that the older adults who participate
tend to be more technologically advanced than the typical older adult population sampled
in studies that collect data in person in the lab. When an older adult is more accustomed
to using technology, they have been reported to see many benefits, including improved
episodic memory and processing speed (Chan et al., 2016). Additionally, it is worth
noting that the older adults in the current study had an average educational attainment (M
=16.04, SD = 3.71) that was higher than the Canadian national average for all adults (M
= 14.00; World Economics, n.d.). According to Kaufman and colleagues (2015),
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educational attainment is positively correlated with verbal episodic memory, processing
speed, and verbal fluency. The high educational levels along with the technology abilities
in the older adult group may explain the recall accuracy rates that were higher than |
originally anticipated. In general, online studies tend to have lower quality data compared
to in-person studies (Greene & Naveh-Benjamin, 2022). Against this background, it is
also possible that the younger adults tested here were less engaged in the task
administered than those that have been sampled in the larger literature based on in-person
testing. This lack of engagement may have played out specifically in the recall test rather
than the familiarity-based recognition because of the level of effort required for the
former task. Previous work suggests that recall tests require more effort than recognition
tests (Bjork, 1975). This sample characteristic may have resulted in lower recall accuracy
results than anticipated. Together, a scenario in which the situation where the older adults
performed better than expected combined with the younger adults performing worse than
expected could explain the lack of significant difference between the recall rates of the

two age groups.

Building on the study by Brooks and colleagues (2023), I explored the relationship
between the subjective familiarity ratings and subsequent information-seeking behaviour
in a group of younger and older adults. The results of Experiment 1 demonstrated a
positive relationship in the group of younger adults, which nicely replicated the findings
from Brooks et al. (2023), as well as the older adults, which was a novel finding.
Following an unsuccessful recall attempt, participants in both the older and younger adult
groups were more likely to seek out the associated name for a face they had previously
rated as more familiar following an unsuccessful recall attempt. Seeking out the name
associated with a familiar face suggests it is familiarity rather than novelty that is
promoting curiosity under these circumstances. Although the original definition of
curiosity emphasized that curiosity is the desire for new information (Berlyne, 1954), the
results from the current study along with other recent work (see Brooks et al., 2021,
2023; Metcalfe et al., 2017) suggest that such links between novelty and curiosity are not
ubiquitous. The results from Experiment 1 can be explained under the theoretical
frameworks that connect curiosity to its role in motivating information-seeking in an

effort to fill information gaps (Loewenstein, 1994; Metcalfe et al., 2020). According to
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the RPL theory, an unsuccessful recall attempt is critical for identifying an information
gap and the theory also states that information that has the potential to close the gap with
ease induces the highest levels of curiosity (Metcalfe et al., 2020). The behavioural
paradigm in the current study provided a perfect opportunity to induce high levels of
curiosity, when defined that way, as recall attempts were followed by a familiarity
judgment. Faces from trials with unsuccessful recall that were given a higher subjective
familiarity rating were more likely to be selected to study in the exploration phase
compared to those given a lower rating. Even though curiosity is clearly induced by
novelty under many circumstances (Berlyne, 1950; Kashdan & Silvia, 2009; Schomaker
& Meeter, 2015), the current study adds to an emerging body of work demonstrating that

familiarity, when combined with unsuccessful recall, can reverse such tendencies.

A key finding from Experiment 2 was the significant difference in recall scores between
the participants in the Assigned condition and the Choice condition. Although both
groups benefited from relearning the names, the participants who were offered the
opportunity to follow their own curiosity in selecting the information to be relearned saw
a greater improvement from the initial recall test to the final recall test compared to the
participants who were assigned the names to relearn. These findings were not only
demonstrated in the group of younger adults, but also within the group of older adults.
Previous work has shown there are curiosity-driven memory benefits for target
information (Kang et al., 2008) as well as incidentally learned information (Galli et al.,
2018; Gruber et al., 2014) for both older and younger adults (McGillivray et al., 2015).
The findings from the current study expand on the existing literature by demonstrating
that curiosity can even drive learning benefits when information has previously been
encountered and is already familiar. Giving individuals the opportunity to follow their
own curiosity significantly increased the degree to which relearning improved their recall
accuracy. These benefits allowed a group of older adults to significantly improve their
recall accuracy for episodic information. Understanding this benefit can lead to many
future studies that could help older adults overcome a main memory deficit (Craik &
McDowd, 1987).
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5.1 Limitations

One limitation of the current research is that the experiments were conducted online.
Although conducting the experiment online allows for data collection of geographically
diverse samples around the world, recruitment is limited to those who have access to and
the ability to use a computer. Older adults who frequently use computers have been found
to have increased processing speed and episodic memory as compared to individuals who
do not engage in such use (Chan et al., 2016). As mentioned previously, the higher-than-
expected performance from the older adults combined with the poorer than expected
performance from the younger adults may have led to the lack of an age-related recall
deficit in the current study. It would be beneficial to conduct a similar experiment in-
person in order to examine whether the typical recall deficit observed in older individuals
emerges in the current paradigm under such circumstances and, critically, whether the
impact of familiarity on curiosity and relearning are the same. Notably, in Experiment 1,
the reported pattern was still found even when subsamples of younger and older adults
who showed the typical difference in recall performance were compared. This finding
makes me optimistic that the curiosity and learning benefits | describe here are not tied to

unusually high recall performance in older adults.

In Experiment 2, | saw an increase in the learning benefit when participants had the
opportunity to select the items they wished to relearn. | examined the impact of curiosity
on relearning information by manipulating agency. In one condition, participants were
given the opportunity to select information to relearn and the other condition assigned the
information to relearn to the participants without active selection. The recall accuracies
were compared between the two conditions, and | found those in the Choice condition
had a greater improvement in their recall. | interpret this benefit to be a result of
providing the participants with the opportunity to follow their own curiosity, however, it
may arise from an effect that is specific to agency. Agency refers to when an individual
feels as though they are in control of their own actions and the associated consequences
(Moore, 2016). Agency may exert influences on learning through mechanisms other than
curiosity as well, including through the decision-making process or the generation of

predictions (Friston et al., 2013). At the neural level, the curiosity-driven memory
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benefits may stem from the dopaminergic reward system which has also been tied to
agency Ashby et al., 2023; Render & Jansen, 2019). A study by Ashby and colleagues
(2023) found that increases in agency leads to a disinhibition of the dopamine system
which increases the number of active dopamine neurons in the ventral tegmental area.
Connecting these findings to the results from Experiment 2, it is unclear whether it is an
increase afforded through agency, through curiosity, or through both that might have

produced the benefit for learning and subsequent recall.

52 Future Directions

Considering the learning benefits that arose from having the opportunity to follow one’s
own curiosity in the relearning of face-name associations were significant in both
younger adults and healthy older adults, there are many interesting future directions. As
mentioned previously, there is a difference in age-related memory changes for semantic
information and episodic information, with semantic memory being more resistant to
performance decline in older adults (Allen et al., 2002). Now that I have revealed initial
evidence to suggest that | can produce benefits for curiosity-driven relearning of names
associated with familiar faces in the context of episodic memory, | can also examine
whether this benefit is maintained for semantic stimuli, such as for the names of
celebrities that cannot be recalled even though they may have been encountered tens or
hundreds of times. Previous work on curiosity has used trivia questions to study the
curiosity-driven memory benefits for semantic information in younger and older adults
(Galli et al., 2018; Gruber et al., 2014; McGillivray et al., 2015). Using celebrity face-
name pairs as semantic stimuli would provide an opportunity to investigate whether the
same curiosity-driven memory found using arbitrary face-name pairs in an experimental

setting transfer to more real-world situations.

Another interesting direction for future research would connect the existing literature on
the dopamine-reward pathway throughout aging to the preserved memory benefits of
curiosity found in our paradigm. Understanding whether and how the dopamine pathway
may provide the same enhanced learning benefit in the older adults as is found in younger
adults is an important topic to be explored, in particular considering that decline of some

dopamine capabilities have been reported with aging (Duizel et al., 2010; Karrer et al.,
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2017; Morgan, 1987). One method that could be used to do this is by probing task-related
brain activation using functional Magnetic Resonance Imaging (fMRI). Previous studies
have shown that the greatest activation for the reward pathway is found in the
anticipation of the rewarding information rather than once the rewarding information is
presented (Gruber et al., 2014; Kang et al., 2008). To our knowledge, this pattern has not
been studied in older adults yet, so it is important to investigate whether the size of the
activation and the timing of the activation is similar in older adults as it is in younger
adults. Another method that would offer an interesting approach to this topic is using the
fairly new technology that uses neuromelanin-sensitive MRI (NM-MRI) as a way to
quantify dopamine function (Cassidy et al., 2019). Thus far, research that has used NM-
MRI has focused on neuropsychiatric diseases and is beginning to look at dopamine in
patients with Parkinson’s disease (See Cassidy et al., 2019; Depierreux et al., 2021; Horga
etal., 2021; Wengler et al., 2021). Expanding the use of NM-MRI would provide the
opportunity to compare dopaminergic function in the younger and older adults and

investigate the specific role of dopamine in the curiosity-driven memory benefits.

5.3 Conclusions

Results from the current experiment revealed a preservation of the relationship between
subjective familiarity ratings and subsequent information-seeking behaviour in older
adults and younger adults. Contrary to the widely accepted definition that curiosity stems
from an intrinsic desire for new information (Berlyne, 1954), these results demonstrate
that following an unsuccessful recall attempt both older and younger adults are more
likely to seek-out the names associated with a familiar faces for exploration rather than a
novel names. The second experiment demonstrated that this familiarity-induced curiosity
can lead to improved recall accuracy in a follow-up memory test. Furthermore,
participants who were given an opportunity to follow their own curiosity to relearn the
names associated with familiar faces had a greater improvement from the first recall test
to the final recall test compared to those who did not have such an opportunity. This
experiment revealed that familiarity-based curiosity can indeed be leveraged to overcome

recall problems in younger adults, as well as in older adults. These results provide many



new directions for follow-up research with respect to the generalizability of the

behavioural findings observed as well as with respect to underlying neural mechanisms.
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Appendices

Appendix A: Multiple Choice Questions

How many experimental phases will there be during this study?
a) 1
b) 2
c) 3
d) 4

What key must you press to continue with the study after you are presented a face-name
pair?

a) v

b) No key is needed

¢ 1

d) 7

What were you tasked with during the first phase of the study?

a) Memorize many names

b) Memorize many faces

¢) Memorize faces and names

d) Look at faces and names but not memorize

When you were asked to judge your familiarity for faces, what rating scale were you
instructed to use?

a) 1-4 rating scale

b) 0-10 rating scale

c) 1-7 rating scale

d) 1-6 rating scale

What key were you instructed to press when a blue square randomly appeared on the
screen?

a) 7

b) Space

c) Y

d) 9

In the second phase of the experiment, what were you instructed to do if you could not
recall the face's corresponding name?

a) Guesses were encouraged

b) Guesses were not encouraged

c) Write an animal type instead

60
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d) Write a number instead

In the final phase of the study, how many faces were presented at a single time while you
were asked to select the face whose name you wanted to see again?

a) 5

b) 4

c) 3

d) 2

In the final phase of the study, how were you instructed to select the face you wanted to
be shown the name for?

a) Click on the face you would like to see the name for

b) Use the right and left arrows

c) Use the ‘1’ key for left face and ‘2’ key for right face

d) Double click space bar for right and single click for left
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Appendix B: Additional Analyses for Experiment 1

It was expected that | would see a recall deficit among the older adults. However, in
Experiment 1a, the older adults (M = 10.71%, SD = 9.11%) did not have a significantly
different recall accuracy rate compared to the younger adults (M = 12.17%, SD = 9.99%),
t(67) =-0.636, p = .527. In Experiment 1a, the older adults (M = 1.94, SD = 0.75) had an
average d’ score that was significantly above zero, t(36) = 15.71, p <.001. The younger
adults (M = 1.76, SD = 0.98), had d" scores significantly above zero, t(30) = 9.95, p <
.001. The two age groups did not differ in their 4’ scores in Experiment 1a, t(66) = 0.891,
p = 0.376. Finally, for Experiment 1a, the Gamma correlation was significantly above
zero for both the older adult group (Mean y=0.46, SD = 0.33; t(36) = 8.66, p <.001) and
the younger adult group (Mean y= 0.33, SD =0.36; t(31) = 5.18, p <.001). There was
not a significant difference between the two age groups, t(67) =,1.65 p = .104.

In Experiment 1b, the older adults (M = 12.63%, SD = 9.23%) also did not have a
significantly different recall accuracy rate compared to the younger adults (M = 9.93%,
SD = 8.92%), t(49) = 1.05, p =.299. In Experiment 1b, older adults (M = 2.05, SD =
0.93) had an average d’ score that was significantly above zero, t(20) = 10.10, p <.001.
The younger adults (M = 1.65, SD = 0.74), had d’ scores significantly above zero, t(29) =
12.18, p <.001. The two age groups did not differ in their d’ scores in Experiment 1b,
t(49) =0.1.72, p = 0.09. Finally, for Experiment 1b, the Gamma correlation was
significantly above zero for both the older adult group (Mean y=0.59, SD =0.31; t(19) =
8.53, p <.001) and the younger adult group (Mean »=0.22 , SD = 0.39; t(28) =3.01, p =
.006). There was a significant difference between the two age groups, t(47) = 3.59, p <
.001.

The results from the two experiments (la: M =12.9, SD = 10.4; 1b: M=12.5,SD =
10.2), F(1, 115) = 0.03, p = .862. Recall accuracy levels were similar between the two
versions of the experiment. There was no main effect of version when looking at the
gamma correlations for the relationship between subjective familiarity ratings and
subsequent information seeking behaviour (1a: M = 0.402, SD = 0.346; 1b: M = 0.362,
SD =0.402), F(1, 113) = 0.360, p = .549. Participants in both experimental groups had
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similar gamma correlations that represent the likelihood they would select a face they
rated as more familiar during the exploration phase. Finally, there was no main effect of
version when comparing the d’ scores (1a: M = 1.86, SD = 0.865; 1b: M =1.80, SD =
0.839), F(1, 114) = 0.167, p = .683. The participants in version 1a were able to identify
previously studied faces as more familiar to the same extent as participants in 1b.
Considering there was no difference between the two versions in the main memory
judgments, the remaining results will use the complete dataset from Experiment 1 to
compare the age effects on memory judgments following unsuccessful recall.

After completing Experiment 1a and realizing the expected recall deficit was not
observed among the older adults, I introduced multiple-choice questions about the
instructions to the experimental paradigm to measure engagement and understanding of
the task. I predicted that increasing the engagement of the task and understanding of the
instructions, | would see improved recall among the younger individuals or if individuals
scored lower than 6/8 on the multiple-choice questions, | would exclude them for not

understanding the instructions.

The single difference between the paradigm used in Experiment 1a and Experiment 1b
was the addition of multiple-choice questions that were designed to serve as engagement
checks. The two items related to the multiple-choice questions were how long it took
participants to respond and how well participants performed on the multiple-choice
questions. As mentioned previously, the engagement checks were to be used as exclusion
criteria — if participants took longer than 10 s to respond or scored 5/8 or lower, they were
excluded. No one was excluded from the analyses for these reasons. The other point of
interest for the engagement checks was to see if the accuracy on the multiple-choice
questions correlated to the performance on the initial recall task. A quick comparison for
the recall accuracy of those who scored 6/8 to those who scored 8/8 shows that the recall
accuracy for those who scored 6/8 (M = 14.6%, SD = 13.4%) was not significantly
different than those who scored 8/8 (M = 10.8%, SD = 7.51%), t(29) = 1.02, p = .318.
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