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When familiarity not novelty
motivates information-seeking
behaviour

Gregory Brooks'*, Hannah Whitehead®** & Stefan Kohler?**

Research has established that novelty motivates information-seeking behaviour in many situations.
While novelty preferences have been well-studied, an understanding of conditions under which
familiarity trumps novelty remains limited. Recent work has revealed that when a metacognitive
experience indicates that unsuccessfully recalled information may still be available, a subsequent
tendency to seek out unrecalled familiar information can emerge. We conducted three experiments
to identify critical factors that determine when familiarity preferences can be observed. Experiment
1 demonstrated the critical role of a recent unsuccessful recall attempt in inducing such a preference.
Experiment 2 revealed that the impact of recall attempts is not limited to situations that follow
unsuccessful recall, as a familiarity preference was observed even when information was successfully
generated. Experiment 3 showed that the level of confidence in the accuracy of any recalled
information is a key factor, with moderate levels of confidence leading to the strongest subsequent
familiarity preference. Together, our results suggest that novelty preferences in information-seeking
are not ubiquitous, as specific situational demands including recent attempted memory retrieval,

as well as metacognitive retrieval experiences, can induce familiarity preferences. Our findings can
be interpreted within theoretical frameworks that emphasize the role of knowledge gaps as driving
factors of information-seeking.

In daily life we have the potential to be exposed to a vast amount of information. The question of how we decide
which information to consume has garnered the interest of researchers in a range of disciplines, including
psychology and neuroscience. In some circumstances, we will seek out instrumental information that we can
strategically use to guide future behaviour. Notably, however, at other times we consume non-instrumental infor-
mation that has no direct benefit to us. To illustrate, consider the recent times that you have checked your Twitter
feed. This act is an example of information-seeking. If your Twitter feed shows that there has been an accident
on your route to work, you will be able to adjust your behaviour accordingly, in order to avoid delays. In this
case, the information you viewed would be instrumental. Also likely, however, is you choosing to view a Tweet
regarding the love life of a celebrity, which has no targeted use in informing specific future behaviour, making
it non-instrumental. State curiosity is defined as the intrinsic motivational factor that drives non-instrumental
information-seeking behaviour!*.

Extant research has provided considerable evidence speaking to the behavioural and experiential conse-
quences of state curiosity. Studies have revealed that the satiation (or resolution) of curiosity provides an intrinsic
sense of satisfaction in which sought out information acts as reward (e.g. Refs.>”?). A considerable literature (for
a review see®) has also demonstrated that when curiosity is resolved information that one was curious about
is more likely to be subsequently remembered than information that one was not curious about. These studies
have often employed trivia questions to induce curiosity and have demonstrated memory enhancement for
the answers to questions that were associated with high levels of curiosity, as well as for unrelated information
encountered in close temporal proximity to them®'!. In neuroscientific research, extant work has demonstrated
links between curiosity and areas of the brain that are well-known to be related to reward processing (e.g. Ref.!?),
such as the ventral tegmental area and nucleus accumbens®'’. While much is known about the consequences of
state curiosity, as summarised in broad strokes here, there has been considerably less research on its potential
sources and their relationship to memory processing.
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A dimension of particular interest when aiming to understand sources of state curiosity is the novelty versus
familiarity continuum. A large body of research points to close ties between novelty, curiosity, and exploratory
behaviour (e.g. Refs.'*'*). However, there have also been a few demonstrations suggesting that, under some
circumstances, curiosity is tied to the exploration of familiar information that has previously been encountered
(e.g. Refs.!>!%). The question of what conditions lead to information-seeking behaviour that is geared towards
such familiar information is the focus of the set of experiments we conducted in the present study.

Novelty versus familiarity preferences. Novelty preferences in information-seeking have been linked
to states of curiosity that diminish with further stimulus exposure'®. This large body of work suggests that the
more novel an aspect of the environment is, the greater the level of curiosity and likelihood of engagement in
information-seeking behaviour. Supporting evidence has come from pioneering studies by Berlyne' demon-
strating that rodents, when given one novel stimulus alongside two items with which they had previous expo-
sure, spend more time exploring the novel stimulus. Similar evidence for novelty preferences in exploration in
humans has emerged from the visual-paired comparison (VPC) task, often used in infant memory research'”. In
this paradigm, one novel stimulus and one to which participants were introduced previously, are shown side-by-
side, while visual fixation patterns are examined as a marker of curiosity. A central result from numerous studies
is that infant and adult populations spend more time fixating on novel items compared to familiar ones'®'* (see
below for exceptions).

Findings with the VPC task pose an important question as to the cause of novelty preferences. One suggestion
within the literature is that novelty preferences carry adaptive value; that is, a preference for novelty can lead to
the reduction of uncertainty. As novelty is typically associated with uncertainty, the preference to explore a new
environment can lead to the discovery of new information that can, in turn, be used to make more beneficial
future decisions'. In line with this general idea, benefits of novelty for learning have also been reported. Such
learning benefits are most prevalent under experimental conditions in which novelty is defined as a violation of
expectations derived from a given situational context (for review see Refs.?*?!). Pertinent evidence comes from
findings showing, for example, that when multiple similar stimuli are presented, a stimulus that differs from the
rest is more likely to be subsequently remembered?.

While early views of curiosity were ubiquitous in their emphasis of novelty as a driver for information-seeking
(e.g. Ref.1%), recent work has indicated that in some circumstances, curiosity may be directed towards familiar
stimuli, even in the VPC task paradigm'®. Richmond and colleagues'® employed face stimuli in an experiment in
which they varied the length of the delay between the familiarisation and test phase of the VPC task, and exam-
ined how delays affect novelty preferences, as measured by fixation duration. They reported novelty preferences
with delays of up to 2-weeks, no preferences with delays of 6-weeks, and familiarity preferences after delays of
12-months. The researchers argue that this shift in preference from novelty towards familiarity is reflective of
the accessibility of a memory. Indeed, these researchers’ follow-up experiment, in which participants provided
explicit judgements of familiarity, confirmed that the accessibility of information about prior occurrence, as
reflected in both accuracy and response times, decreased over time. Their research contributes to a larger body
of research suggesting that novelty preferences are not ubiquitous in exploration on VPC tasks?*.

Critical evidence in support of the notion that novelty is not a ubiquitous driver of curiosity also stems from
work that has examined exploratory behaviour following unsuccessful memory recall. Specifically, this research
has addressed how metacognitive retrieval experiences during unsuccessful recall may shape subsequent infor-
mation-seeking behaviour. A metacognitive phenomenon that has been of particular interest in this context is the
feeling-of-knowing (FOK) experience, which represents the feeling that we might be able to recognize an answer
that we cannot recall among multiple alternatives®. Recent work from our lab suggests that FOK experiences can
induce a subsequent preference for the familiar information that could not be recalled, as compared to entirely
novel information, in exploration'®. In this study a modified FOK paradigm was used, which involved a study
phase for face-name pairs, a FOK test phase, and a subsequent exploration phase. In the FOK phase participants
were shown a mix of previously studied and new faces and were asked to recall the associated name and provide
a FOK judgement (“How likely is it that you could recognize this person’s name?”). In the exploration phase,
participants could choose up to half of the presented faces for exploration of the associated names. A key compo-
nent of this paradigm was the inclusion of new faces, for which the associated names had not been studied, in the
FOK and exploration phases. This set-up allowed us to test for the presence of novelty or familiarity preferences
under conditions of limited exploration opportunities. We demonstrated that the names for faces that induced
higher FOKs were sought more frequently than names for faces with lower FOKs. Critically, results also showed
that information-seeking was directed more frequently towards the exploration of previously studied names that
could not be successfully recalled than novel ones that had never been encountered. This pattern of results poses
important new questions as to the exact nature of retrieval conditions that induce a subsequent preference for
familiarity over novelty in exploration.

Retrieval factors that may induce a subsequent familiarity preference. While demonstrating a
familiarity preference in information-seeking, the study by Brooks et al.!® was not designed to identify the spe-
cific demands of memory tasks and the scope of metacognitive retrieval experiences that may lead to this subse-
quent preference in exploration. From a theoretical perspective it is important to consider the influential work
of Loewenstein? that proposes an important link between information gaps and curiosity. Loewenstein suggests
that states of curiosity reflect the desire to gain knowledge that contributes to the minimization of information
gaps. This holds relevance for FOKs, as these experiences surface when information cannot be recalled, and an
information gap is perceived to be present.
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A more recent theoretical approach that extends this work is known as the Region-of-Proximal Learning
(RPL) theory®*-. It suggests that curiosity peaks when an information gap is of a specific size. This optimal
information gap is proposed to be the range in which it is small enough to be judged as possible to be closed.
From this perspective, a FOK state reflects a metacognitive experience that provides an estimate of the size of
such an information gap. A critical task factor within this framework that is implicated in typical FOK paradigms,
including the one employed by Brooks et al.'’, is the unsuccessful recall attempt that leads to these metacognitive
experiences. At present it remains unclear, however, whether a targeted recall attempt, and the perceived lack of
success in its outcome, are necessary conditions for eliciting subsequent familiarity preferences in information-
seeking behaviour. Furthermore, it remains unknown whether retrieval experiences other than FOK states may
generate similar effects on information-seeking.

An additional task factor to consider when understanding the impact of FOK experiences on subsequent
information-seeking behaviour is their prospective nature. To provide judgements about FOK experiences,
a participant must make predictions about future performance, a feature that distinguishes them from other
metacognitive retrieval assessments that are retrospective in nature, such as probing the degree of familiarity
or of confidence experienced during recognition-memory judgements. Consideration of the predictive nature
of FOK judgements is important in light of findings derived from the educational literature. Specifically, there
is evidence indicating that the act of making predictions about the filling of information gaps can increase
curiosity, by virtue of directing attention to them®*-**. Although the exact nature of predictions made in these
studies differs from that in FOK judgements, this research suggests that their generation may have an influence
on information-seeking behaviour.

Current study. In the current study, we conducted a set of three experiments to identify critical retrieval fac-
tors of memory tasks that induce a familiarity preference in subsequent information-seeking behaviour. Towards
this end, we addressed the role of (i) recent explicit recall requirements, (ii) their perceived success, and (iii)
corresponding metacognitive retrieval experiences in the development of such preferences. In addition, we con-
sidered whether making predictions about future performance at the time of retrieval plays an important role.
To answer these questions, we employed a three-phase experimental paradigm similar to the one employed
by Brooks et al.'®. It involved an initial study phase for face-name associations, a retrieval phase for the learnt
associations, as well as a subsequent exploration phase for the names associated with previously studied and
novel faces, which allowed us to probe the degree of familiarity preference expressed in information-seeking
behaviour.

Experiment 1

In Experiment 1, we manipulated whether the memory task in the retrieval phase had an explicit recall require-
ment for the names of previously studied faces, and whether the memory judgement was prospective or ret-
rospective in nature (Fig. 1a). For the prospective task, we administered FOK judgements similar to those
employed in our prior work'¢, which necessitate a prediction about future performance. For the retrospective
task, we chose familiarity-based recognition-memory judgements on the same faces, without any demand for
predictions. Thus, the study involved a two-by-two between-subject experimental design in which half of the
participants engaged in an explicit recall attempt prior to either FOK or familiarity judgements, while the rest
did not. If making a prediction is key to inducing a subsequent familiarity preference, we would expect to see
a main effect of judgement type in the pattern of choices for information-seeking, with FOK judgements being
associated with a stronger familiarity preference than familiarity judgements. If an unsuccessful recall attempt is
critical, we would expect to see an increased familiarity preference for both judgement types with the inclusion of
an explicit recall requirement. We also anticipated that, if such a familiarity preference can be observed following
both types of judgements, metacognitive retrieval experiences might predict subsequent choices in information-
seeking for both types of judgements. To test these predictions, we probed preferences in information-seeking
with a task set-up that closely resembled the one typically used in the VPC task, in which familiar information
is directly pitted against novel information in regard to behavioural choices. Thus, during the exploration phase,
participants were asked to choose between a face for which the name had previously been studied and a novel
one for which it had not.

Methods
Participants. 135 English-speaking participants from the online recruitment platform Prolific (https://
www.prolific.co/) participated in Experiment 1 in exchange for monetary compensation. The data of 113 par-
ticipants (age range 18-35; M=25.92, SD=5.22) were used in all analyses. 14 participants were excluded due
to an insufficient distribution of FOK and familiarity ratings across the scale (i.e. less than 5 instances for 2 of
the 6 scale values on all trials), and 8 participants were excluded due to failed quality control measures. These
quality control criteria were introduced to ensure the data collected from online participants was comparable
in quality to data collected during in-person studies. These criteria included the exclusion of participants whose
response time on any catch trial was greater than 10 s, and the exclusion of those whose breaks between phases
were longer than 200 s. The targeted sample size in this experiment, and the others that follow, was guided by our
previous work where robust effects were observed in samples of 25 participants.

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 each experiment. Participants were provided monetary
compensation. All experiments were performed in accordance with the approved guidelines and regulations.
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Figure 1. Behavioural paradigms. (a) Phases 1 to 3 in Experiment 1. Participants first encoded face-name
pairs. Participants were assigned to one of four phase 2 conditions. The first dimension was either with an
explicit recall attempt or without a recall attempt. Second, they were asked to provide either a prospective FOK
judgement or a retroactive familiarity judgement. After this, they were allowed to seek a subset of names for
cued faces (an information-seeking set-up also used in Experiment 3). This phase was a VPC-inspired set-up,
where participants had to directly choose between viewing previously studied and new names. Following

this, but not shown in this figure, was the final forced-choice recognition-memory test. (b) In Experiment 2,
participants first studied the face-name pairs in 3 study blocks. Next, in phase 2, they provided a judgement
for each face that was either: Remember, Familiar or Unfamiliar. To finish the experiment, participants were
allowed to seek the name for a maximum of half the faces. They went through each face and either chose to see
the name (in which case they were shown the face and name together) or chose not to see the name (progressing
to the next trial). (c) Experiment 3, also featured 3 study blocks for phase 1, before a phase 2 that included a
typed recall response, where participants were instructed to always enter something, followed by a subjective
confidence rating. The experiment finished with an exploration-based phase 3, where they made information-
seeking choices in the VPC-style set-up employed in Experiment 1.

Materials. All face stimuli used in this paradigm were taken from the Chicago Face Database® and were
screened using the published norming data to ensure uniformity in terms of neutral emotional expression and
perceived attractiveness. Selection criteria included a rating below 3.5 (on a 7-point scale) on all emotional
expressions (afraid, angry, happy, sad, surprised, disgusted, and threatening), and attractiveness ratings between
2 and 5 on the 7-point scale. Of the faces that met these criteria, a total of 104 faces were randomly selected for
experimental use. This database provides permission to incorporate a subset of their stimuli into published fig-
ures and have obtained consent from its participants for this usage.

For this study, English names were selected from the U.S. Census Bureau 1990 (https://catalog.data.gov/
dataset/names-from-census-1990) for use in the study and recognition phases of the experiment. The total set
was composed of 104 male first names, 104 female first names, and 208 surnames of medium frequency in the
population (frequency rates between 0.15 and 0.50% for first names, and between 0.05 and 0.50% for surnames,
respectively). Explicit efforts were made to avoid any overlap in pronunciation or spelling between the names
selected (e.g. Julie and Julia or Robert and Roberts), and to avoid any reference to celebrities. First and last
names were then paired to create 208 different full names of comparable length (11 to 13 characters; M =12.00,
SD=0.80), and comparable syllable count (3 to 5). For each participant, 52 of the names were pseudo-randomly
paired (on the basis of being matched for sex) with 52 of the faces for use in the study phase, and 52 were paired
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with the remaining 52 faces for use as novel information that could be sought in the exploration phase. The
remaining 104 names were used as entirely new lures in the final forced-choice recognition test.

Procedure. The behavioural paradigm for the current study was designed in PsychoPy3 (https://www.psych
opy.org), using the Builder tool**, and was administered online through Pavlovia (https://pavlovia.org/). Partici-
pants were restricted to using computers to complete the study; however there was no specified screen size. The
structure of Experiment 1 (Fig. 1a) included a study phase, a memory-judgement phase, an exploration phase,
and a final forced-choice recognition test. Overall, the experiment took approximately 40 min to complete.

In the first part, participants were asked to memorise a set of 52 face-name pairs. Each pair appeared on
the screen for 3 s with the face appearing above the name. Following a 500 ms ISI, the next pair was presented.
Participants were offered a break halfway through this study phase.

Following this first phase, participants completed a second phase with memory-judgements. Prior to the
experiment they were randomly assigned to one of four conditions. In two of these conditions, participants
began each trial by being asked to engage in a self-paced recall attempt, which required them to type any part of
the associated name for a face cue that they were able to remember, before progressing to a memory-judgement
prompt. In the other two conditions, participants proceeded directly to the memory-judgement aspect of the
phase. The memory-judgement was either a FOK judgement (i.e. an estimation of the likelihood that they would
be able to recognize the name associated with the face prompt, if provided) or a familiarity judgement about the
face cues themselves. Both of these ratings involved a 6-point Likert scale from 1 to 6 (FOK judgement: 1/‘very
unlikely’ to 6/‘very likely’; familiarity judgement: 1/‘sure it is new’ to 6/‘sure it is old’). Thus, the four conditions
we employed were FOK with no recall, FOK with recall, familiarity with no recall and familiarity with recall.
Both the FOK and familiarity judgements were self-paced and were followed by a 500 ms ISI before the start of
the subsequent trial. Critically, half (52) of the face cues in this phase had been studied initially, with the rest
serving as novel items.

To probe whether there was a familiarity preference present, we directly examined whether participants pre-
ferred to seek familiar or novel information. The set-up of this exploration phase was inspired by the design of
the VPC task outlined in the introduction (e.g. Ref.!”). Unbeknownst to the participants, we presented a face that
had been studied initially alongside a face that had not been studied and asked them to select which associated
name they most wanted to see. In other words, they were asked to make a choice about whether they wanted to
be exposed to familiar or novel information. Unlike the typical VPC task in which novelty is defined in terms
of the stimulus itself, novelty in our task was defined with respect to the association between the face and name.
This is because all faces had been previously encountered in the memory-judgement phase, but the corresponding
names were only shown for those pairs presented in the study phase. The face cues shown during this phase were
matched on demographic, and the familiar face was randomly shown on the left or the right side, to control for a
potential location preference. Whichever face they selected would then appear with the associated name for 3 s,
followed by a 500 ms ISI before the beginning of the next trial. This phase proceeded through 52 trials, where all
52 initially studied and all 52 novel faces were shown side-by-side. No explicit mention of an additional future
memory test was made before or during the exploration phase.

In a fourth and final phase of the experiment, participants completed a self-paced forced-choice recognition-
memory test for the names of all 104 faces used in the memory-judgement phase (not shown in Fig. 1a). In this
recognition-memory test, three name options were presented for each face, namely the name corresponding to
the face, a previously seen name that belonged to one of the other previously studied faces, and an entirely new
name. The three choices were matched for sex and were presented randomly in one of three positions on the
screen. This type of recognition-memory test is often included in FOK research to demonstrate the validity of
the subjective FOK judgments provided by participants. Due to the difficulty in interpreting results on this task
when an additional exploration phase is introduced after provision of FOK judgments analyses of data from this
phase were only included in the Supplementary Materials.

In each phase, catch trials were pseudo-randomly included to ensure participants were engaging in the task.
In these catch trials (which participants were reminded of prior to the start of each phase), participants had to
respond to a blue square as quickly as possible with a button press that was not used for any other judgement.
These trials randomly occurred once every 52 trials (i.e. one catch trial in each half of the memory-judgement
phase).

Results

Initial validation of FOK and familiarity ratings. Studies using FOK judgements often confirm the
general validity in these ratings by demonstrating that they are significantly associated with subsequent accuracy
in recognition-memory judgments (e.g. Ref.*®). However, with the present set-up that involved an opportunity
for further selective re-exposure to non-recalled information in the subsequent exploration phase, assessing
validity in this manner becomes challenging (see Ref.'; nevertheless, pertinent results are included in the Sup-
plementary Materials). Therefore, to assess the validity of participants’ FOK and familiarity judgements, we
primarily compared the ratings provided for previously studied and new faces, in conditions with and without
explicit recall requirements. Note that we only assessed, through Bonferroni-corrected t-tests, whether the rat-
ings differed between old and new items within each condition, without comparisons across conditions, given
the different heuristic cues that can contribute to the judgements in each condition®.

Results showed that there was a significant difference between FOK ratings for old (M =2.55, SD=0.79) and
new items (M =1.93, SD=0.71) in the FOK with recall condition, #(27) =5.73, p <0.001, d=1.08. Old items were
also rated higher (M =2.91, SD=0.69) than new items (M =2.23, SD=0.62) in the FOK no recall attempt condi-
tion, #(27) =7.67, p<0.001, d=1.45. As FOKs are expected to be increased only for faces for which corresponding
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names were previously encountered, this pattern provides indirect support for validity in the judgments expressed
by participants.

Likewise, familiarity ratings were significantly higher for old items (M =4.07, SD=0.65) than new items
(M=3.05, SD=0.98) in the familiarity with recall condition, #(27) =6.32, p <0.001, d=1.19. Ratings for old items
(M=3.84, SD=0.51) were also higher than those for new items (M =2.82, SD=0.62) in the familiarity without
recall condition, #(27)=7.38, p<0.001, d=1.39. This pattern of results suggest that the familiarity ratings obtained
also carried validity in both task conditions. Although the average ratings for entirely new and previously studied
items were not close to the end points of the scale, they showed a significant difference in the expected direction,
with means on different sides of the midpoint of the scale.

Influence of retrieval-task demands on familiarity preferences in subsequent informa-
tion-seeking. We next addressed one of our two main questions of interest in this experiment; we investi-
gated whether the requirement of an explicit recall attempt or the nature of the retrieval task (i.e. whether it is
prospective or retrospective) were factors associated with an increase in familiarity preferences in subsequent
information-seeking. We computed a familiarity preference for each participant by calculating the difference in
frequency of exploration choices for previously studied versus novel faces (see Supplementary Materials for the
frequency of exploration for old and new trials). To compare conditions with recall and those with no recall, we
calculated this preference across all trials in each condition. Note that on the large majority of trials of conditions
in which a recall attempt was required, this attempt turned out to be unsuccessful (FOK with recall: M =98.01%,
SD =2.48%; familiarity with recall: M=96.98%, SD=2.68%). For statistical comparison of experimental condi-
tions, we conducted a two-way ANOVA. There was a significant main effect of recall, where the average famili-
arity preference was higher in conditions with an explicit recall requirement (M=14.56, SD=17.57) compared
to those without this requirement (M =6.39, SD=19.83), F(1, 108)=5.28, p=0.02, nP2:0.05. However, there
was no significant effect of judgement type (FOK: M=11.95, SD=22.90; Familiarity: M=8.10, SD =14.40), F(1,
108)=0.69, p=0.41, n,?=0.006, nor was there a significant interaction between recall and judgement type, F(1,
108)=0.27, p=0.60, 1,>=0.003 (Fig. 2). Levene’s test for inequality of variances was significant, F(3, 108) =5.07,
Pp=0.003, suggesting results be interpreted with caution.

Given that variances were unequal, we also conducted non-parametric analyses to confirm the results of our
ANOVA. A Mann-Whitney test confirmed that the familiarity preference was significantly greater for partici-
pants in recall conditions (Mdn =13.46) than those in no recall conditions (Mdn =3.84), U=1142, n, =n,="56,
p=0.01. We then compared familiarity preferences for the two judgement types; a Mann-Whitney test indicated
that there was no significant difference in familiarity preferences between the FOK conditions (Mdn =9.62) and
the familiarity conditions (Mdn="7.69), U=1423, n, =n,=>56, p=0.40. Taken together, these findings illustrate
that it is the presence of a failed explicit recall attempt, rather than the prospective nature of memory judgements,
which is driving subsequent information-seeking behaviour towards familiar items.

We recognize that FOKs are retrieval experiences that are typically assumed to accompany unsuccessful
recall, suggesting that a recall attempt may be an inherent judgment component even if the experimental task
has no explicit recall requirement. As such, we conducted an analysis calculating the RTs for FOK judgements
under conditions with no recall requirement (i.e. the time between face stimulus offset and FOK response) and
compared them with RTs for trials in which a recall attempt was required but was unsuccessful. For the latter set
of trials we specifically focused on the period between offset of the face stimulus and the no-success response in
the recall component of the judgements. We found that average RTs for this recall component were significantly
longer (M =1972 ms, SD=1198 ms) than those for the completion of the entire FOK judgments under conditions
in which there was no explicit recall requirement (M=1116 ms, SD=1181 ms), #(54) =2.69, p=0.009, d=0.72.
This pattern of results suggests that search times during recall attempts were longer when such attempts were
explicitly demanded by the task at hand than when spontaneously included as part of the FOK judgments. It is
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Figure 2. Familiarity preference in Experiment 1. The familiarity preference (as a percentage) increased in
conditions involving a preceding explicit recall attempt, but there was no difference between memory judgement
types, nor an interaction. Error bars= +1 SEM. *p <0.05.
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compatible with an account that emphasizes increased cognitive effort brought on by the explicit recall require-
ment as a potential explanation for any related impact on subsequent information-seeking in the FOK conditions.

Influence of retrieval experiences on subsequent information-seeking. Finally, we calculated the
relationship between the judgement ratings and subsequent information-seeking choices within each of the four
experimental conditions (Fig. 3). Given that our focus was on familiarity preferences, in combination with the
fact that new items had limited variance in both FOK and familiarity ratings, we examined this relationship for
previously studied items only.

In the FOK with recall condition, we found that the average gamma correlation between FOK ratings and
information-seeking choices (Mean y=0.16, SD=0.26) was significantly above zero, #(27) =3.27, p <0.001,
d=0.62. Participants in the FOK with no recall condition also exhibited a significantly positive average gamma
correlation (Mean y=0.18, SD=0.27), t(27) =3.54, p=0.02, d=0.67. The familiarity with recall condition (Mean
y=0.17, SD=0.24) and the familiarity with no recall condition (Mean y=0.14, SD=0.24), both exhibited posi-
tive relationships, #(27) =3.64, p=0.001, d=0.69 and #(27) =2.99, p=0.006, d = 0.56, respectively. Overall, there
were no differences in the average correlations across conditions, as a two-way ANOVA conducted using the
gamma correlations revealed no significant main effects (Recall: F(1, 108) =0.01, p=0.91; Judgement type: F(1,
108)=0.16, p=0.69), nor a significant interaction, F(1, 108) =0.29, p=0.59. In other words, there was a compa-
rable positive relationship between ratings of retrieval experiences and information-seeking behaviour for all
conditions. We also note that when we conducted these analyses focusing on all trials (i.e. regardless of objective
old-new status), a very similar pattern of results emerged (see Supplementary Materials).

In a further extension of this set of analyses we also examined whether the observed relationships between
retrieval experience and subsequent information-seeking are strictly linear in nature, or whether there may be a
significant quadratic component. To address this issue, we fit the following equation to the data from individual
participants Eq. (1):

proportion sought = by + by X x + by x x X (1 — x) 1)

where x = familiarity rating, and conducted inferential statistics on these parameter estimates extracted from
these fitted equations. This methodology resembles that described by Kang’® and colleagues and Dubey and
Griffiths®®. For the familiarity with recall condition, the curve fit provided an average r* of 0.49 (SD=0.27).
The linear (mean by = 10.52, SD=26.80) and quadratic (mean b, = — 47.11, SD=115) coeflicients were both
significant, #(27) =2.08, p=0.05, d=0.39 and #(27) =— 2.17, p=0.04, d=— 0.41. For the familiarity with no recall
condition, the fit provided an average 2 0f0.39 (SD=0.28). The linear coefficient (b; = 10.79, SD = 30.30) showed
a significant trend, #(27) =1.88, p=0.07, d=0.36, and again the quadratic coefficient (b, = — 34.99, SD=83.4) was
significant, #(27) =— 2.22, t=0.04, d=— 0.42.

We also fit these equations to the FOK data (x = FOK rating) to explore the relationships between memory
judgments and exploration, beyond our previous focus on a linear association. In the FOK with recall condition
(meanr?=0.57, SD=0.27) there was a significant linear coefficient (b; = 27.14, SD=40.7), t(27) =3.53, p=0.002,
d=0.67, but the quadratic coefficient was not significant (b, = — 6.71, SD=116, #(27) =- 0.31, p=0.76, d=— 0.06).
Likewise, in the FOK with no recall condition (mean r? = 0.59, SD=0.24) the linear coefficient was significant
(b1=27.23, SD=40), t(27) =3.60, p=0.001, d=0.68, but the quadratic coeflicient was not (b, = 1.02, SD=108),
#(27)=0.05, p=0.96, d=0.009.

Together, these results indicate that information-seeking peaks when an item is highly familiar, with numeri-
cally highest exploration rates for items with highest perceived familiarity. At the same time, the significant
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Figure 3. Relationships between memory-judgements and information-seeking under task conditions with
or without recall requirement. In Experiment 1, the degree of FOK (a) and familiarity (b) judgements within
each condition correlate with subsequent information-seeking for previously studied items, where information
associated with higher FOKs or higher subjective familiarity was sought more frequently. Shaded area= +1
SEM.
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quadratic component also revealed increases for faces with extreme lack of perceived familiarity (i.e. per-
ceived item novelty). This U-shape relationship was not present in the FOK conditions, in which curiosity
increased with the degree of FOK experiences in a linear manner. Our results extend previously reported associa-
tions between metacognitive retrieval experiences and subsequent information-seeking behaviour (e.g. Ref.'°).
Here, we demonstrate that such links to information-seeking are not limited to FOK experiences and also apply to
the subjectively experienced degree of familiarity with the stimulus itself, albeit with a more complex relationship.

Experiment 2
While the results of Experiment 1 point to the importance of recall attempts as a factor of retrieval tasks that
increase subsequent familiarity preferences, they do not speak to whether this increased preference is present only
in situations in which recall was unsuccessful. With the paradigm employed in Experiment 1, we were unable
to examine trials associated with successful recall, as there was a very limited number of these trials (due to the
large number of face-name pairs and the short exposure period for each of them in the study phase). According
to the RPL theory***, unsuccessful recall induces curiosity if the underlying metacognitive experience indicates
that the information gap is small enough to be closed with additional information. A strong FOK experience
accompanying an unsuccessful recall attempt, would indicate that the information, while currently not acces-
sible, is in a range where it could easily be identified for closure of the gap. In line with this reasoning, one might
predict that familiarity preferences in information-seeking would critically depend on the subjective perception
that the recall attempt was unsuccessful. It is important to consider, however, that participants may also seek out
information for reasons other than getting access to content that could not be accessed during recall. Notably,
they may also use such an opportunity for gaining feedback on the accuracy of information they generated during
arecall attempt. This would be in line with the general notion that curiosity serves to reduce uncertainty, and with
specific findings suggesting that uncertainty about one’s answers to knowledge questions can drive curiosity®.
From this perspective one might expect to observe a familiarity preference in information-seeking even after
recall attempts that are characterised by perceived success in generating pertinent information. In Experiment 2,
we tested these ideas using a retrieval task that included metacognitive assessments of perceived recall success.
We employed multiple study blocks (Fig. 1b) to boost the learning of face-name associations and, in turn,
increase the probability of subsequent recall success. To measure perceived recall success, we used a modified
version of Tulving’s metacognitive Remember-Know procedure®. Participants could indicate one of three options
in response to each face cue: that they could recall the name (“Remember” trials), that they could not recall the
name despite the face feeling familiar (“Familiar” trials), or that they could not recall the name nor perceive the
face as familiar (“Unfamiliar” trials). If familiarity preferences in information-seeking are critically dependent on
perceived lack of success in recall, we would predict that names associated with Familiar trials would be chosen
more frequently in the subsequent exploration phase than names associated with Remember trials. Alternatively,
if familiar information is also sought out so as to obtain feedback for the monitoring of recall accuracy, we might
expect that items from Familiar and Remember trials would be explored at comparable frequencies.

Methods

Participants. The online recruitment platform Prolific (https://prolific.co/) was used to recruit 78 English-
speaking participants to participate in Experiment 2 in exchange for monetary compensation. To ensure there
was variation in response types in the memory-judgement phase, and considering we planned to analyse the
subsequent information-seeking choices in relation to these judgements, we only included participants who
offered at least 5 trials of each response. With this criterion, we had to exclude 15 participants, all of whom had
fewer than 5 Remember trials. We excluded an additional 4 participants who did not meet the quality control
requirements outlined in Experiment 1. The data of the remaining 59 participants (age range 18-35; M =24.60,
SD=5.00) were included in all analyses.

Materials. The stimulus materials and randomization procedure for Experiment 2 were the same as those
used in Experiment 1. Unlike in the prior experiment, however, there was no forced-choice recognition-memory
test after the exploration phase, and, as such, only 104 of the names previously used were employed (i.e. the 104
new lure names were not used).

Procedure. Experiment 2 involved a paradigm similar to that in Experiment 1 except for the following
changes. First, exposure to items in the study phase was repeated 3 times (i.e. each familiar face-name pair was
studied 3 times). This modification was introduced in order to increase the likelihood of recall success. Addition-
ally, given this experiment did not require FOK judgments about future performance, there was no final forced-
choice recognition-memory test. Overall, the experiment took approximately 30 min to complete.

The most significant procedural change in Experiment 2 (Fig. 1b) pertained to the response structure of the
memory-judgement phase. In this phase, participants were shown faces, both old and novel, and were asked to
try and recall the associated name. They were instructed to provide a self-paced judgement similar in format to
a Remember/Know task. Specifically, for each item, participants could indicate one of three options: T remember
the name’ (Remember), T don’t remember the name, but the face is familiar’ (Familiar) or ‘T don’t remember
the name and the face is not familiar’ (Unfamiliar). Note that, unlike in Experiment 1, no typed recall response
was required in this phase, with the consequence that objective recall accuracy could not be assessed. In other
words, we rely on the self-reported recall success (via the Remember response) and refer to these trials as having
perceived recall success. The next trial began after a 500 ms ISI. As in Experiment 1, this phase included all 52
initially studied faces, and 52 novel items. After completion, participants progressed to the exploration phase.
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Unlike in Experiment 1, the exploration phase followed the structure employed by Brooks et al.'®, with 104
faces presented one at a time. Participants were given an opportunity to select up to 52 of these faces in order
to gain exposure to the associated names. All 104 faces had been presented previously as cues in the memory-
judgement phase, but associated names had been encountered in the study phase for only 52 of them. This critical
task feature allowed for estimation of any preference for familiar versus novel information. If the participant
chose to see the name for a given face prompt, the face-name pair would appear on the screen for 3 s. After this
interval, or if they chose not to see the name, the next face would appear, following a 500 ms ISI. Throughout
this phase, participants were also shown a countdown of how many more face-name pairs were still available for
exposure. If the participant reached the maximum of 52 possible exposures, they were forced to choose ‘no’ for
the remaining information-seeking choices. No explicit mention of an additional future memory test was made
before or during the exploration phase.

Results

Initial validation of responses on modified Remember-Know task. To assess whether our study
manipulation was successful in Experiment 2, we focused on the distribution of responses in the memory-judge-
ment phase for previously studied and new items (Supplementary Table S1). We expected that the previously
studied faces would produce increased name recall and feelings of familiarity relative to faces that had not been
seen. A Shapiro-Wilk test showed that there was a significant deviation from normality, W(59)=0.94, p=0.01.
As such, we conducted the nonparametric Wilcoxon signed-rank test to compare the types of responses for
old and new trials. On average, old trials were more frequently classified as Remember or Familiar (M =38.04,
SD=7.97) than new trials (M =5.39, SD=7.08), Z=6.68, p<0.001, as expected.

Influence of task demands on familiarity preferences in information-seeking. ~ We first examined
whether a familiarity preference emerged in participants’ information-seeking behaviour. Given that the type of
memory judgments employed required a recall attempt, we predicted that such a preference would, again, be
present. The average familiarity preference, calculated by the difference in exploration rate for previously studied
versus entirely novel names, (M=9.09%, SD=32.91%) was significantly greater than zero, #(58)=2.12, p=0.04,
d=0.28, indicating that information-seeking was, indeed, biased towards familiar information.

Influence of perceived recall success on subsequent information-seeking. To explore the main
question of interest for Experiment 2, namely whether the familiarity preference induced by a recall attempt dif-
fered between situations in which name recall was perceived to be successful or not, we compared the frequency
of subsequent information-seeking for each of our three response options. A repeated-measures ANOVA with
a Greenhouse-Geisser correction revealed that there was, indeed, a significant difference across these response
options (Fig. 4), F(1.42, 82.28) =6.15, p=0.008, qu =0.096. Bonferroni-corrected post-hoc comparisons revealed,
as expected based on Experiment 1, that names associated with Familiar trials (M =52.60%, SD=17.68%) were
sought more frequently than those associated with Unfamiliar trials (M=36.34%, SD=22.60%), p <0.001.
Critically, however, they were not sought significantly more often than those associated with Remember trials
(M=47.26%, SD=30.25%), p = 0.14. These post-hoc comparisons also showed a trend that Remember trials were
associated with increased frequency of subsequent information-seeking relative to Unfamiliar trials, p=0.07.
Opverall, these findings suggest that familiarity preferences in information-seeking following a recall attempt are
not restricted to situations in which recall is perceived to be unsuccessful. Although other interpretations may
hold, this result is compatible with the notion that familiarity preferences in information-seeking behaviour can
also be driven by a motivation to validate the accuracy of information generated during a previous recall attempt.
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Figure 4. Rates of information-seeking for each of the judgement types in Experiment 2. Trials which were
judged as Familiar (when the name could not be recalled) were explored more often than Unfamiliar trials
(when the name was not recallable, nor the face familiar). The Remember trials (when the name was perceived
to be successfully recalled) were explored more often than Unfamiliar trials. Error bars= +1 SEM. **p <0.001.
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Experiment 3

The results of Experiment 1 demonstrate that a familiarity preference in information-seeking behaviour can be
the result of a recent failed recall attempt. The results of Experiment 2 show that this preference is not limited
to situations in which this recall attempt was perceived to be unsuccessful; trials in which recall of names for
previously studied faces was perceived to be successful led to a comparable subsequent tendency to seek out
these names as trials in which recall was unsuccessful, but the corresponding face was perceived to be familiar.
We suggest that this pattern of results can be interpreted within a framework that links curiosity to the degree of
uncertainty in the accuracy of information that is available to fill information gaps>'®****!. In Experiment 3, we
sought more direct evidence in support of this account, by examining more closely how metacognitive retrieval
experiences about the perceived degree of accuracy of recall are related to familiarity preferences in subsequent
information-seeking behaviour.

In order to probe the perceived degree of accuracy of recall, we employed confidence judgments in combi-
nation with forced-recall instructions (e.g. Ref.*?) that required the generation of a name on every trial, even if
guessed completely (Fig. 1c). As in Experiment 1, subsequent familiarity preferences in information-seeking
behaviour were probed by asking participants to choose between a previously studied versus a novel face for name
exploration. Based on central claims of the RPL theory that link curiosity to the size of information gaps®, we
expected to observe an inverse-U relationship, such that information needed to fill either large or non-existent
information gaps would be sought less often than information needed to fill gaps that are close to closure (for
similar results with trivia paradigms see®*®). In other words, we expected to see highest rates of subsequent
information-seeking for previously studied faces for which recall of the associated name was expressed with a
medium degree of confidence.

Methods

Participants. Once again, the online recruitment platform Prolific (https://prolific.co/) was used to recruit
49 English-speaking participants to participate in Experiment 3 in exchange for monetary compensation. The
data of 24 participants (age range 18-33; M =24.63, SD=4.25) were used in all analyses. 19 participants were
excluded due to an insufficient distribution of confidence ratings across the scale (see criterion from Experiment
1). 6 additional participants were excluded due to the exclusion criteria outlined in Experiment 1.

Materials. The materials and randomization procedure for Experiment 3 were the same as those used in
Experiment 2.

Procedure. Experiment 3 involved a paradigm similar to that used in Experiment 2 (i.e. with a study phase
including repeated presentations and no final forced choice recognition-memory test except for the following
changes. The experiment took approximately 45 min to complete.

The most significant procedural change in Experiment 3 (Fig. 1¢) related to the structure and response format
of the memory-judgement trials in the second phase. As was the case in the FOK with recall condition of Experi-
ment 1, each trial began with a self-paced recall attempt. Unlike in Experiment 1, however, participants were
instructed to always provide a written answer (i.e. they were asked to engage in forced-recall*?), whether it was
a part of the name or the full name they remembered to be associated with the face. Participants were asked to
guess if they were unable to remember any information. Once participants had finished typing, they proceeded
to a self-paced confidence judgement, in which they were asked to rate how confident they were that the name
or partial name was correct, on a 6-point Likert scale (from /‘complete guess’ to 6/‘very confident’). The next
trial began after a 500 ms ISI. As before, this phase included all 52 initially studied faces, and 52 novel items for
which pertinent names had never been studied. After completion of this phase, participants progressed to the
exploration phase. The format of trials in the exploration phase (involving a forced-choice between a previously
studied and a novel face) was the same as in Experiment 1.

Results

Initial validation of confidence ratings. First, we sought to confirm that the confidence ratings par-
ticipants provided following their typed forced-recall attempt carried validity. To do so, we compared ratings
for studied items with the ratings for new items. Given that the to-be-recalled information associated with old
faces had been encountered in three study blocks but never for new faces, we expected the accompanying con-
fidence to be higher for the former. Indeed, the average confidence associated with recall for previously studied
items (M =2.88, SD=1.02) was significantly greater than the average confidence rating for novel ones (M=1.75,
SD=1.15), t(23) =5.59, p<0.001, d=1.04.

A second method we used to confirm the validity of confidence ratings involved the comparison of trials
with an objectively correct recall response relative to those with an objectively incorrect response. Forced-recall
responses were scored as correct if the participant typed out the correct first or last name, or both. In other words,
responses were only considered incorrect if all provided information was not correct. We also accepted spelling
errors if it was a slight variation, and the pronunciation would still be very similar. We expected that recalled
names that were objectively correct would lead to greater feelings of subjective confidence than those that were
incorrect. A Shapiro-Wilk test showed that there was a significant deviation from normality, W(24) =0.89,
p=0.01, and as such we conducted the nonparametric Wilcoxon signed-rank test to compare the average con-
fidence ratings. Indeed, confidence ratings were significantly higher for the names that were correctly recalled
(M=4.57, SD=0.67) than ratings for trials that were incorrect (M =1.63, SD=0.47), Z=4.29, p <0.001. While
only a minority of names were recalled correctly (M =20.10%, SD=18.23%) it must be noted that participants
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had only studied half of the face-name pairs presented in this phase. Together these results suggest that there is
validity in the subjective confidence ratings provided by participants after their forced recall attempt.

Influence of task demands on familiarity preferences in information-seeking. Before investigat-
ing the relationship between confidence and information-seeking behaviour, we examined whether we would
observe increased information-seeking behaviour for names associated with previously studied as compared
to novel faces following the required recall attempt. This served as a replication of the findings of the previ-
ous experiments. We conducted a Wilcoxon signed-rank test, given that there was a significant deviation from
normality, W(24) =0.91, p=0.03. There was, once again, a significant familiarity preference (see Supplementary
Materials for frequencies), as calculated by the difference in exploration frequency for previously studied versus
novel information (M =27.56%, SD=53.31%), Z=2.23, p=0.03.

Influence of subjective retrieval experiences on subsequent information-seeking. To address
the primary question of interest for Experiment 3, we conducted a pair of analyses exploring, first, the relation-
ship between confidence ratings and information-seeking choices, and secondly, between the confidence ratings
and familiarity preferences. For the first of these two analyses, we rescaled the 1 to 6 confidence ratings to range
from 0 to 1 and fitted Eq. (2) individually to the data from each participant.

information seeking proportion = by + by x c+ by x ¢ x (1 —¢) )

In this equation ¢ was the rescaled confidence rating. We then conducted inferential statistics on the parameter
estimates extracted from the fitted equations for each participant. This reflects the procedure in Experiment 1.
On average, the model provided a r? of 0.65 (SD=0.29). As predicted, there was a quadratic relationship between
confidence and information-seeking, as the quadratic coefficient, (b, = 49.41, SD=121.2), was marginally sig-
nificant, #(23) =2.00, p=0.058, d=0.41. There was also a significant linear coefficient (b= 18.76, SD=43.03),
1(23)=2.14, p=0.044, d=0.44. As evident by this result (Fig. 5a), participants’ tendency to seek pertinent infor-
mation peaked when they had medium levels of confidence in the accuracy of the name generated in their prior
recall attempt. Substantially less information-seeking occurred for items with low and high levels of confidence.

To assess whether the relationship between confidence and information-seeking motivates familiarity prefer-
ences as well, we computed a difference score that reflects familiarity preferences for each confidence level for
each participant. This score was computed as in Eq. (3),

a. b.
100 ~ ‘ ‘ ‘ ‘ ¢ 100 - ’ .
¢+
{807 ' .o
é % 3 401 : ' ¢ *
o S ¢ t ¢ ¢ ¢
‘2 8 9 60 . 3
S 9]
o LE i "
3 > 20 i
[ = - . ¢
S ‘_g__g 04 . . . . .
= ET
[o] L(EQ 204 ¢
5 e i
a o 404°¢
-60 L=
0 02 04 06 038 1 0 02 04 06 038 1
Rescaled confidence ratings Rescaled confidence ratings

Figure 5. (a) Relationship between confidence and information-seeking behaviour in Experiment

3. The subjective confidence ratings obtained following a forced-recall attempt, had an inverse-U
relationship with subsequent information-seeking behaviour. The red curve represents the equation
information seeking proportion = 45.54 + 16.67 X ¢ + 52.97 x ¢ x (1 — ¢), which reflects the average
parameter estimates obtained when the quadratic equation was fitted to the data from individual
participants. (b) Relationship between confidence and familiarity—novelty difference measures from
Experiment 3. The familiarity—novelty difference measure was obtained at each confidence level by
subtracting the number of novelty trials selected for exploration from the number of familiar trials
chosen, and then dividing this difference by the total number of trials at the given confidence level.

This was then multiplied by 100, to convert to a proportion. The red curve represents the equation
Sfamiliarity — novelty difference measure = 4.57 + 26.29 x ¢ + 45.78 x ¢ x (1 — ¢), which was, once
again, obtained from the fitting of the quadratic equation to each participant’s data. In both (a) and (b) the
blue diamonds represent individual participant data points, and the red circles represent the means across
participants. Error bars = + SEM.
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FR — NR
familiarity — novelty difference measure = (714) * 100% (3)

Here, FR represented the number of familiar trials restudied at a given confidence level, NR represented the
number of novel trials restudied at the same confidence level, and T represented the total number of trials at this
confidence. We obtained these measures for each participant and fitted them to Eq. (4), where c was, again, the
rescaled confidence level.

familiarity — novelty difference measure = by + by X ¢+ by x ¢ x (1 —¢) (4)

We used inferential statistics to assess whether this preference was driven by a significant quadratic relation-
ship. On average, the model provided a 72 of 0.54 (SD=0.29). Once again, results show that there was a significant
quadratic coefficient (b, = 45.78, SD=106.8), t(23) =2.10, p=0.047, d=0.43. As in the prior analysis, there was
also a significant linear coefficient (b; = 26.29, SD =29.60), 1(23) =4.35, p<0.001, d=0.89. Participant’s preference
to seek familiarity peaked with a confidence of 5 (Fig. 5b), which is reflected in the quadratic relationship of the
fitted curve. Overall, results from these analyses demonstrate that subjective confidence is related to subsequent
information-seeking and that this retrieval experience shapes the familiarity preferences we observed in this
experiment.

Discussion

The notion that novelty is a key source of curiosity, and by extension a major driver of information-seeking
behaviour, has received wide empirical support in psychology and neuroscience (for reviews see Refs.!*2021:38),
Recent research has provided evidence, however, that familiarity preferences in information-seeking behaviour
can also be observed under some circumstances, specifically when they follow a recent memory test'®. Here, we
conducted three experiments to identify critical retrieval factors in memory tasks that may induce a subsequent
familiarity preference in information-seeking. In Experiment 1 we demonstrated the critical role of an explicit
recent unsuccessful recall attempt in inducing a subsequent familiarity preference for information that could not
be recalled. The results of Experiment 1 did not provide support for the suggestion that making predictions about
future performance at the time of recall is a critical factor; FOK judgments that required such predictions induced
a comparable preference as familiarity judgments that did not. Moreover, retrieval experiences for both types of
judgements predicted corresponding preferences in subsequent information-seeking. Results of Experiment 2
showed that the impact of recent recall attempts on subsequent familiarity preferences is not limited to situations
in which recall is perceived to be unsuccessful; we also observed such preferences in information-seeking fol-
lowing trials that were associated with subjectively perceived recall success. In our final experiment, we showed
that confidence in the accuracy of the information generated during recall is a key factor, with medium degrees
of confidence leading to the highest subsequent familiarity preference in information-seeking. Overall, these
findings provide new evidence in support of the idea that novelty preferences in information-seeking behaviour
are not ubiquitous, and that familiarity can trump novelty when this behaviour follows a recent related retrieval
attempt. Our results suggest that specific task demands of retrieval, as well as metacognitive retrieval experiences,
are important determinants of such familiarity preferences.

The results of the current study can be understood within theoretical frameworks of state curiosity that
emphasize its role in motivating information-seeking so as to fill information gaps>*. Recall attempts and cor-
responding metacognitive retrieval experiences are thought to play a critical role in the identification and the
assessment of the size of such information gaps; in turn they can provide valuable guidance for their closure. Of
particular relevance, the RPL theory suggests that when unsuccessful recall attempts point to existing gaps in
knowledge, subsequent curiosity is highest for information that most easily allows for closure of a gap, as deter-
mined based on metacognitive retrieval experiences??’. While we did not set out to test the RPL framework
directly, it does allow for interpretation of our findings on familiarity preferences in information-seeking in a
theoretically guided way.

Experiment 1 revealed that the explicit requirement for a recall attempt in a memory test boosts subsequent
preferences for familiar information when compared to a test in which this requirement is not present. This
finding is of particular importance for the assessment of familiarity, given such judgments may be less likely
than FOK judgments to include a spontaneous recall attempt. According to the RPL framework, an unsuccessful
recall attempt is critical for inducing curiosity as the outcome of this attempt offers evidence as to whether an
information gap exists®. Indeed, on the large majority of trials in Experiment 1, attempted recall was ultimately
deemed unsuccessful. In Experiment 2, however, we demonstrated that familiarity preferences after a recall
attempt do not only occur when recall is perceived to be unsuccessful but can also be observed when there is
subjectively perceived success. At first glance, this result may appear to conflict with the notion that familiar-
ity preferences are tied to recently experienced information gaps**. We suggest, however, that it can still be
interpreted with reference to such gaps if one considers that familiarity preferences may also reflect a tendency
to seek feedback about the accuracy of the information generated in a recent recall attempt. From this perspec-
tive, the degree of uncertainty in the answer that was generated during recall marks the size of the perceived
information gap, with answers accompanied by relatively higher uncertainty corresponding to larger perceived
gaps in one’s knowledge. Indeed, in a recent study that probed determinants of curiosity in the trivia paradigm,
Singh and Manjaly reported that curiosity and information-seeking behaviour increase in direct response to the
degree of uncertainty, even when the amount of missing information is the same®. Experiment 3 of the current
study revealed evidence in support of the notion that familiarity preferences in information-seeking may also
be tied to uncertainty in the behavioural paradigm we employed. Specifically, we observed an inverse U-shaped
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relationship between confidence in answers that were generated during forced-recall attempts and the likelihood
of subsequently engaging in pertinent information-seeking behaviour.

Across experiments we demonstrated that familiarity preferences in information-seeking are related to dif-
ferent kinds of metacognitive retrieval experiences (FOK, familiarity, and confidence). In Experiment 1, higher
FOK and higher familiarity ratings were associated with greater subsequent information-seeking for familiar
information. In Experiment 3, this preference was most pronounced for information recalled with medium
confidence. Each of these metacognitive retrieval experiences may be understood as an estimate of the size of
an information gap. From this perspective, our results are generally compatible with the core notion of RPL,
namely that curiosity peaks when an information gap is of an optimal size (i.e. the range in which it is small
enough to be judged as possible to be closed). They also suggest, however, that this peak may differ for different
kinds of retrieval experiences.

Why would the strongest familiarity preference in information-seeking be associated with medium levels of
recall confidence but with the highest levels of FOKs and feelings of familiarity? One possibility is that different
encoding conditions across experiments led to differences in memory performance for face-name associations,
which in turn led to differences in the size of perceived information gaps. A comparison of our findings for
Experiment 2 versus Experiment 1 suggests that the introduction of multiple study blocks lead to the emergence
of more trials in which recall of names was perceived as successful. Inasmuch as Experiment 3 also employed
multiple study blocks, it is likely that trials with high confidence in recall were associated with no perceived
information gap, while medium confidence would characterise situations with an optimally-sized informa-
tion gap. By contrast, the single study block included in Experiment 1 led to a very small number of trials with
perceived success in recall when directly probed. As such, most trials with high FOKs and those with strong
feelings of familiarity can be expected to be associated with a notable information gap based on the outcome of
the associated failed recall attempts.

It should be noted that recall confidence, FOK experiences, and feelings of familiarity are all distinct in their
phenomenological characteristics as well (for reviews see’”*4%). These differences in phenomenology may be tied
to the described differences in estimation of the size of information gaps, and, in turn, to the degree of curiosity
that they generate. An important distinction in this context is that confidence, as probed in Experiment 3, is a
metacognitive experience about information that was generated successfully during a recall attempt whereas
FOKs, as probed in Experiment 1, reflect metacognitive experiences about (future) recognition of information,
typically in association with failed recall””. Similarly, there are important characteristics that differ between FOKs
and familiarity (e.g. Refs.*”#%). Familiarity judgments, as administered in Experiment 1, require reflection on
the exposure history of the stimulus itself (i.e. faces in this case). FOK judgments, by contrast, require reflection
on information that was associated with such stimuli (i.e. their names). This difference in task demands may
explain why the relationship of judged familiarity to subsequent information-seeking was mathematically best
captured with the introduction of a quadratic term, whereas a linear term was sufficient to capture this relation-
ship for the FOK conditions in Experiment 1. The slight increase in information-seeking for stimuli perceived
to be novel as compared to moderately familiar, which is reflected in this quadratic component, may reflect
the type of novelty preference that has been observed in many prior studies (as reviewed in the Introduction).
Regardless, our observation that the highest levels of familiarity were associated with the numerically highest
rates of subsequent information-seeking converges with the results from Experiment 2 showing, based on use of
categorical responses, that items judged to be familiar tend to be sought out more frequently than items judged
to be novel when critical associated information cannot be recalled.

A second task factor we examined in relation to familiarity preferences was whether the memory task required
making predictions about future performance. We considered this factor based on work in the educational litera-
ture showing that the act of making predictions about the filling of information gaps can increase curiosity>*-%.
To get at this issue within the context of the current behavioural paradigm, we manipulated the nature of the
memory task employed in the retrieval phase of Experiment 1. Specifically, we compared familiarity prefer-
ences after FOK judgements and familiarity judgments, which did or did not require predictions about future
performance, respectively. Our results revealed that subsequent familiarity preferences in information-seeking
were not affected by this task manipulation. Instead, we found that variations in graded retrieval experiences
for both types of memory judgements showed a comparable relationship to subsequent familiarity preferences.
Critically, effects of predictions on curiosity in educational research have been interpreted with reference to the
role such predictions may have in highlighting pertinent knowledge gaps®!. We have argued that, in the current
experimental set-up, even the memory-test conditions that do not require making predictions, such as familiarity
judgments, can trigger subjective awareness of gaps in knowledge. The most relevant evidence in support comes
from our results from the condition in which recall was probed in combination with familiarity judgments in
Experiment 1. Here, where the explicit recall attempt was deemed unsuccessful on the large majority of trials,
we demonstrated that a clear preference for familiar information emerged and was related to the size of the
identified information gap. Taken together these findings suggest that whether making predictions increases
curiosity depends on whether other situational factors are already at play that could highlight knowledge gaps.

Finally, we note that in the current study we employed two distinct task formats to examine familiarity pref-
erences in the exploration phase that offered access to select names. In Experiments 1 and 3, pairs of faces were
presented on each trial and participants were required to choose between a familiar face, whose name they had
initially studied, and a novel one, whose name they had not seen before. By contrast, in Experiment 2, participants
were asked to make choices for individually presented previously studied and novel faces under conditions in
which the number of trials for which information about the corresponding name could be sought was limited.
That we observed familiarity preferences that were shaped by retrieval experiences during a recent memory test
in both exploration formats demonstrates the robustness of this phenomenon. As such these results provide
additional support for our broader conclusion that novelty preferences in information-seeking behaviour are
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not ubiquitous. Collectively, our findings argue in favour of the view that familiarity can trump novelty when
information-seeking behaviour follows a retrieval situation in which a sizable gap about previously learned
information was identified.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.

Received: 22 August 2022; Accepted: 20 March 2023
Published online: 30 March 2023

References

=W N

10.

11.

12.

13.
14.

15.

16.
17.

18.
19.

20.

31.

32.

33.
34.

35.
36.

37.

38.

39.

40.

. Berlyne, D. E. Curiosity and exploration. Science 153, 25-33 (1966).

. Loewenstein, G. The psychology of curiosity: A review and reinterpretation. Psychol. Bull. 116, 75-98 (1994).

. Kidd, C. & Hayden, B. Y. The psychology and neuroscience of curiosity. Neuron 88, 449-460 (2015).

. Gottlieb, J., Lopes, M. & Oudeyer, P.-Y. Motivated cognition: Neural and computational mechanisms of curiosity, attention, and

intrinsic motivation. In Advances in Motivation and Achievement Vol. 19 (eds Kim, S. et al.) 149-172 (Emerald Group Publishing
Limited, 2016).

. Hsee, C. K. & Ruan, B. The pandora effect: The power and peril of curiosity. Psychol. Sci. 27, 659-666 (2016).
. Marvin, C. B. & Shohamy, D. Curiosity and reward: Valence predicts choice and information prediction errors enhance learning.

J. Exp. Psychol. Gen. 145, 266-272 (2016).

. Rodriguez Cabrero, J. A. M., Zhu, J.-Q. & Ludvig, E. A. Costly curiosity: People pay a price to resolve an uncertain gamble early.

Behav. Processes 160, 20-25 (2019).

. Gruber, M. J. & Ranganath, C. How curiosity enhances hippocampus-dependent memory: The prediction, appraisal, curiosity,

and exploration (PACE) framework. Trends Cogn. Sci. 23, 1014-1025 (2019).

. Kang, M. J. et al. The wick in the candle of learning: Epistemic curiosity activates reward circuitry and enhances memory. Psychol.

Sci. 20, 963-973 (2009).

Gruber, M. ], Gelman, B. D. & Ranganath, C. States of curiosity modulate hippocampus-dependent learning via the dopaminergic
circuit. Neuron 84, 486-496 (2014).

Duan, H., Fernandez, G., van Dongen, E. & Kohn, N. The effect of intrinsic and extrinsic motivation on memory formation: Insight
from behavioral and imaging study. Brain Struct. Funct. 225, 1561-1574 (2020).

Knutson, B., Adams, C. M., Fong, G. W. & Hommer, D. Anticipation of Increasing Monetary Reward Selectively Recruits Nucleus
Accumbens. J. Neurosci. 21, RC159-RC159 (2001).

Berlyne, D. E. Novelty and curiosity as determinants of exploratory behaviour. Br. J. Psychol. Gen. Sect. Lond. Etc. 41, 68-81 (1950).
Wittmann, B. C., Bunzeck, N., Dolan, R. ]. & Diizel, E. Anticipation of novelty recruits reward system and hippocampus while
promoting recollection. Neuroimage 38, 194-202 (2007).

Richmond, J., Colombo, M. & Hayne, H. Interpreting visual preferences in the visual paired-comparison task. J. Exp. Psychol. 33,
823-831 (2007).

Brooks, G., Yang, H. & Kohler, S. Feeling-of-knowing experiences breed curiosity. Memory 29, 153-167 (2021).

Fantz, R. L. Visual experience in infants: Decreased attention to familiar patterns relative to novel ones. Science 146, 668-670
(1964).

Fagan, J. F. Memory in the infant. J. Exp. Child Psychol. 9, 217-226 (1970).

Gunderson, V. M. & Swartz, K. B. Visual recognition in infant pigtailed macaques after a 24-hour delay. Am. J. Primatol. 8, 259-264
(1985).

Quent, J. A., Henson, R. N. & Greve, A. A predictive account of how novelty influences declarative memory. Neurobiol. Learn.
Mem. 179, 107382 (2021).

. Frank, D. & Kafkas, A. Expectation-driven novelty effects in episodic memory. Neurobiol. Learn. Mem. 183, 107466 (2021).
. von Restorff, H. Uber die Wirkung von Bereichsbildungen im Spurenfeld. Psychol. Forsch. 18, 299-342 (1933).
. Park, J., Shimojo, E. & Shimojo, S. Roles of familiarity and novelty in visual preference judgments are segregated across object

categories. Proc. Natl. Acad. Sci. 107, 14552-14555 (2010).

. Liao, H.-I., Yeh, S.-L. & Shimojo, S. Novelty vs. familiarity principles in preference decisions: Task-context of past experience

matters. Front. Psychol. https://doi.org/10.3389/fpsyg.2011.00043 (2011).

. Hart, J. T. Memory and the feeling-of-knowing experience. J. Educ. Psychol. 56, 208-216 (1965).
. Metcalfe, J. & Kornell, N. The dynamics of learning and allocation of study time to a region of proximal learning. J. Exp. Psychol.

Gen. 132, 530-542 (2003).

. Metcalfe, J. & Kornell, N. A region of proximal learning model of study time allocation. J. Mem. Lang. 52, 463-477 (2005).
. Metcalfe, J., Schwartz, B. L. & Bloom, P. A. The tip-of-the-tongue state and curiosity. Cogn. Res. Princ. Implic. 2, 31 (2017).
. Metcalfe, J., Schwartz, B. L. & Eich, T. S. Epistemic curiosity and the region of proximal learning. Curr. Opin. Behav. Sci. 35, 40-47

(2020).

. Brod, G., Hasselhorn, M. & Bunge, S. A. When generating a prediction boosts learning: The element of surprise. Learn. Instr. 55,

22-31(2018).

Brod, G. & Breitwieser, J. Lighting the wick in the candle of learning: Generating a prediction stimulates curiosity. Npj Sci. Learn.
4,17 (2019).

Potts, R., Davies, G. & Shanks, D. R. The benefit of generating errors during learning: What is the locus of the effect?. . Exp. Psychol.
45,1023-1041 (2019).

Brod, G. Predicting as a learning strategy. Psychon. Bull. Rev. 28, 1839-1847 (2021).

Ma, D. S., Correll, J. & Wittenbrink, B. The Chicago face database: A free stimulus set of faces and norming data. Behav. Res.
Methods 47, 1122-1135 (2015).

Peirce, J. et al. PsychoPy2: Experiments in behavior made easy. Behav. Res. Methods 51, 195-203 (2019).

Nelson, T. O. A comparison of current measures of the accuracy of feeling-of-knowing predictions. Psychon. Bull. 95, 109-133
(1984).

Koriat, A. Metacognition and consciousness. In The Cambridge Handbook of Consciousness (eds Zelazo, P. D. et al.) (Cambridge
University Press, 2007). https://doi.org/10.1017/CB09780511816789.012.

Dubey, R. & Griffiths, T. L. Reconciling novelty and complexity through a rational analysis of curiosity. Psychol. Rev. 127, 455-476
(2020).

Singh, A. & Manjaly, J. A. The effect of information gap and uncertainty on curiosity and its resolution. J. Cogn. Psychol. 33, 403-423
(2021).

Tulving, E. Memory and consciousness. Can. Psychol. Psychol. Can. 26, 1-12 (1985).

Scientific Reports |

(2023) 13:5201 | https://doi.org/10.1038/s41598-023-31953-6 nature portfolio


https://doi.org/10.3389/fpsyg.2011.00043
https://doi.org/10.1017/CBO9780511816789.012

www.nature.com/scientificreports/

41. van Lieshout, L. L. F, de Lange, E. P. & Cools, R. Uncertainty increases curiosity, but decreases happiness. Sci. Rep. 11, 14014 (2021).

42. Huff, M. ]., Meade, M. L. & Hutchison, K. A. Age-related differences in guessing on free and forced recall tests. Memory 19, 317-330
(2011).

43. Wade, S. & Kidd, C. The role of prior knowledge and curiosity in learning. Psychon. Bull. Rev. 26, 1377-1387 (2019).

44. Nelson, T. O. & Narens, L. Metamemory: A theoretical framework and new findings. In Psychology of Learning and Motivation
Vol. 26 (ed. Bower, G. H.) 125-173 (Elsevier, 1990).

45. Nelson, T. O. & Narens, L. Why investigate metacognition? In Metacognition: Knowing about Knowing (eds Metcalfe, J. & Shima-
mura, A. P.) 1-25 (MIT Press, 1994).

46. Moulin, C. J. A. & Souchay, C. Epistemic feelings and memory. In The SAGE Handbook of Applied Memory (eds Perfect, T. &
Lindsay, D. S.) (SAGE Publications Ltd, 2014). https://doi.org/10.4135/9781446294703.

Acknowledgements
This work was supported by the Natural Sciences and Engineering Research Council of Canada under a Dis-
covery Grant [RGPIN 2018-05770] to SK, a NSERC Alexander Graham Bell Canadian Graduate Scholarship
Masters and a NSERC Postgraduate Scholarship Doctoral to GB, and a NSERC Undergraduate Student Research
Award to HW. We would like to thank Danielle Raynes-Goldfinger for her help with processing the online data
collected in Experiment 3.

Author contributions
All authors contributed to the conceptualization of the study, the design of the experiment, and the writing of
the main manuscript text. G.B. and H.W. collected and analysed the data.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-31953-6.

Correspondence and requests for materials should be addressed to S.K.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:5201 | https://doi.org/10.1038/s41598-023-31953-6 nature portfolio


https://doi.org/10.4135/9781446294703
https://doi.org/10.1038/s41598-023-31953-6
https://doi.org/10.1038/s41598-023-31953-6
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	When familiarity not novelty motivates information-seeking behaviour
	Novelty versus familiarity preferences. 
	Retrieval factors that may induce a subsequent familiarity preference. 
	Current study. 
	Experiment 1
	Methods
	Participants. 
	Materials. 
	Procedure. 

	Results
	Initial validation of FOK and familiarity ratings. 
	Influence of retrieval-task demands on familiarity preferences in subsequent information-seeking. 
	Influence of retrieval experiences on subsequent information-seeking. 

	Experiment 2
	Methods
	Participants. 
	Materials. 
	Procedure. 

	Results
	Initial validation of responses on modified Remember-Know task. 
	Influence of task demands on familiarity preferences in information-seeking. 
	Influence of perceived recall success on subsequent information-seeking. 

	Experiment 3
	Methods
	Participants. 
	Materials. 
	Procedure. 

	Results
	Initial validation of confidence ratings. 
	Influence of task demands on familiarity preferences in information-seeking. 
	Influence of subjective retrieval experiences on subsequent information-seeking. 

	Discussion
	References
	Acknowledgements


