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Abstract

Within hybrid foraging search, observers search for numerous instances of any of several types
of targets among distractors. Target and distractor objects are displayed on a computer screen
which, in foraging literature, is referred to as a “patch”. Observers are instructed to gather
targets as soon as possible via mouse clicks. The moment they decide to leave the patch they
are in and move on to the next patch, is called “patch-leaving behavior”. Explorative search is
(early patch-leaving behavior) is most optimal in terms of maximizing output per time. In
previous studies it is demonstrated that older adults adopt a more exhaustive search strategy
than younger adults in hybrid foraging search. Moreover, an age-related decline in curiosity is
found in literature. Could it be that exhaustive search in older adults is driven by a decline in
curiosity? To study this, 31 human participants of a wide age range participated in a shortened
version of a hybrid foraging task. Age and degree of curiosity were obtained via questionnaires.
The results indicate no relationship between age and patch-leaving behavior nor between
curiosity and patch-leaving behavior. We did replicate the age-related decline in curiosity.
Possibly, the shortened version of the hybrid foraging task triggered participants into the
adaptation of a more exhaustive search strategy.

Keywords: age, curiosity, hybrid foraging search, patch-leaving behavior.

Searching is a fundamental human activity. History demonstrates that efficient search strategies
lead to evolutionary advantages. Our ancestor’s survival, for example, depended on their search
for food; hunters searched for moving animals and gatherers searched for edible items amongst
non-edible items (Eals & Silverman, 1994). In modern life, we still perform visual searches
daily. Examples are searching for a book on a book shelf or keys on a messy table. These are
all classical visual searches: the search for a single target that may or may not be present among
distractors. Within these searches, a target refers to the item that needs to be found. The
distractors are the items that do not need to be searched for, but that distract you from finding
the targets (Wolfe, 2016).

However, most of the real-world searches are more complex. For example, when
observers search for multiple instances of several types of targets at the same time. In literature,
this type of searches is referred to as hybrid foraging search (Wolfe, 2016). A real-life example
is when you are in a grocery store and have to search for multiple spices, multiple vegetables
and multiple sweets (targets), among all the other products available in the store (distractors).

To complete this task adequately, it is crucial to remember the target ingredients. Thus, hybrid



foraging search resembles many complex real-life searches and contains a memory search
component alongside the visual search component.

Performance on hybrid (visual and memory) search and foraging tasks have been
previously examined. Researchers used a computerized task in which hybrid visual search can
be performed in a laboratory. Within the laboratory task of Wolfe et al. (2016), observers were
instructed to memorize 8 to 64 realistic images of objects. Consequently, they searched for
multiple instances of any of the memorized target objects. A stable finding in research, using
this task, is that response time (RT) increases linearly with the number of items that are
available on the screen (i.e. the visual display) and logarithmically with the number of items
that were to be memorized (Wiegand et al., 2019; Wiegand & Wolfe, 2019; Wolfe et al., 2016).
This means that the time it takes to add the second, third, fourth and subsequent items to the
visual set size remains constant. However, in a search through memory, adding the second item
to a memory set takes longer than adding the fourth, and the fourth will take longer than the
eighth, and so on.

In addition, there is a decision-making component within these tasks (Wolfe et al.,
2016). To date, most of the visual foraging with human participants is focusing on this decision-
making process (Ehinger & Wolfe, 2016; Wolfe, 2013; Zhang et al., 2017). In the laboratory
foraging task, each visual display is referred to as a “patch”. The instant at which observers stop
foraging in the patch they are in and decide to move on to the next patch is called “patch-leaving
behavior”. Predictions about the patch-leaving behavior can be made, based on the Charnov’s
Marginal Value Theorem (MVT). The MVT has initially been used in research with animals
and demonstrates an ideal model for foraging (Pyke, 1978). The theorem states that the ideal
forager will move on to the next patch when the immediate rate of payoff from the current patch
is below the average rate of payoff across all patches (Charnov, 1976). Importantly, the MVT
only applies in situations where participants are not required to collect all targets within a patch
(non-exhaustive search).

Wolfe et al (2016) demonstrate in their study that, in a sample of young adults, the patch-
leaving behavior could be mostly predicted by the MVT. This implies that they adopt an
efficient search strategy. For older adults, research findings indicate otherwise. They seem to
adapt a more exhaustive, and therefore less explorative, foraging strategy in comparison to
younger adults. This strategy was found in virtual fishing (Mata et al., 2009; Mata et al., 2013),
digital search for information (Chin et al., 2015a) and word search puzzles (Chin et al, 2015b).
Unsurprisingly, the research of Wiegand et al (2019) demonstrates that, in a hybrid foraging
task, patch-leaving behavior is predicted less accurately by the MVT in older adults. They found



that older participants stayed in a patch, even though they already collected many targets within
this patch. In terms of hybrid foraging this means that their instantaneous rate of collection,
equal to the immediate rate of payoff in the MVT, was well below the average rate of collection
(Wiegand et al., 2019). This search strategy is considered less efficient, since collected targets
disappear from the screen and therefore the ratio between input (collected targets) per time is
lower at this point. Thus, older participants show a higher tendency of exhaustive search in
hybrid foraging tasks, compared to younger participants, which is linked to an efficiency cost.

The abovementioned studies examined age differences in foraging in various
conditions. Wiegand et al (2019) state that there might be other observer variables, which have
not been looked at yet, that additionally or alternatively could explain individual differences in
foraging behavior. Additional variables are needed to examine this, which could lead to
interesting findings. Curiosity, for example, is a fundamental intrinsic motivational force
regarding behaviors of exploration and information seeking (Berlyne, 1957). It encourages
people towards novel and uncertain environments and allows them to approach these with a
positive attitude (Kashdan & Silva, 2009). Despite the ubiquity of curiosity in everyday life, it
is regarded as an understudied variable in psychological research (Kidd & Hayden, 2015).

Individuals can vary in the frequency with which they experience and express curiosity
(Litman & Spielberger 2003). Von Stumm et al (2011) already identified curiosity as the core
determinant of individual differences in academic achievement. The more curious people were,
the easier it was for them to get involved and put in effort. This led to improved performance.
Moreover, curiosity is known for inducing behaviors in order to acquire new information, such
as visual inspection (Berlyne, 1957; Berlyne, 1958). These findings indicate that higher levels
of curiosity can lead to a motivational force which can improve performance and that curious
people tend to actively search for novel stimuli. Research demonstrates that there is an age-
related decline in curiosity (Renner, 2006; Robinson et al., 2017). Could it be that the exhaustive
search behavior in older adults is driven by this decline in curiosity?

This study tries to understand whether and how age and curiosity are related to patch-
leaving behavior in a hybrid foraging task. Given the importance of visual search in many facets
of daily life and the resemblance of hybrid foraging search to real-life searches, it is of interest
to identify which variables can relate to efficient performance on these tasks. Furthermore, this
research will provide additional insights in the role of an understudied observer variable in a
hybrid foraging task. We hypothesize that the that exhaustive search within a patch will increase
with age (Wiegand et al., 2019). Second, based on the literature about curiosity, we expect that

curious people might experience a stronger tendency to continue searching a new patch, i.e. be



more explorative (Berlyne, 1957; Kashdan & Silva, 2009). Moreover, we expect that curiosity
declines with age (Renner, 2006; Robinson et al., 2017). If age and curiosity appear to be
significantly related to patch-leaving behavior, then we will test whether the relationship
between age and patch-leaving behavior is mediated by curiosity. Within this mediation we
expect that older people, who adopt a more exhaustive search strategy, have a lower degree of

curiosity.

Method
Participants

We collected data of 31 participants (8 men, 23 women). The ages ranged from 18-85
(M = 36.16, SD = 20.98). Participants were recruited via advertisement and social media
platforms like WhatsApp and E-mail. Moreover, a departmental database of participants was
used for participant recruitment. The variables measured in this study are conducted within a
larger study (see Table 1). Before participating, all participants met the inclusion criteria for
being cognitively healthy and passed the screening process described below. They took part
voluntary and gave their informed consent before participation. Per half an hour of their time,
5 euros was granted in VV'V gift cards. This study has been approved by the ethics committee
of the Faculty of Social Sciences (ECSW/ECSS) at the Radboud University. Internal approval
from the Donders Centre for Cognition has been provided as well.

During the screening, we used a Snellen chart to assure participants had at least 20/25
visual acuity (including correction through glasses). The Ishihara test was used as a screener
for colorblindness. Moreover, participants could not be included if they showed any sign of the
presence of a psychological or neurological disorder, abnormalities regarding the eyes that
could not be corrected via glasses, did not master the Dutch language or were younger than 18
years. Of those who were eligible, we further assessed demographic information (age, sex)
using a questionnaire.

Research material
Curiosity questionnaire

The degree of curiosity was assessed using a Dutch translation of curiosity
questionnaires retrieved from Collins et al (2004) and Litman (2008). The first part of the
questionnaire measures epistemic curiosity. This refers to the need for knowledge that drives
individuals to learn new ideas, close information-gaps, and solve intellectual problems

(Berlyne, 1954; Loewenstein, 1994). It consists of 10 statements (o« range = .82-.87). For



example: “I enjoy exploring new ideas”. The statements could be answered using a four-point
scale (1 = Almost Never, 2 = Sometimes, 3 = Often, 4 = Almost Always). The second part
consists of 16 statements measuring perceptual curiosity (« = .87 for females and o = .85 for
males). This is the type of curiosity that inspires visual and sensory investigation and involves
an interest in and attention to novel perceptual stimulation (Berlyne, 1954). For example: “I
like to travel to new places”. Likewise, the statements could be answered using a four-point
scale (1 = Almost Never, 2 = Sometimes, 3 = Often, 4 = Almost Always). Both curiosity scores
could be summed up to a score that reflects the total degree of curiosity. There are no reversed
items within the questionnaire. Therefore, the higher the score obtained on the 26 items, the
higher the participant’s total degree of curiosity.
Hybrid foraging task

To measure patch-leaving behavior, we used a hybrid foraging task similar to the one
used by Wolfe et al (2016). The stimuli within this task were selected from a database which
consists out of 2400 unique objects (Brady et al., 2008). We removed images that were
primarily white or transparent (i.e. hard to distinguish from the white background), non-neutral
and images that had primarily narrow parts. Objects that were cut off, and therefore might look
odd while moving from the original sample, were removed as well. Moreover, objects featuring
words, numbers, arrows or objects that were highly similar to other objects were excluded as
well as images that showed landscapes, images that included several objects and images that
could be potentially distressing. Consequently, 851 images were excluded in total. The stimuli
were presented on a Windows computer. The task was programmed in html, as a task that runs
in a web browser. Within the lab, we used Google Chrome to run the experiment in. The
viewing distance was 55 cm at average.
Procedure

Participants entered the experiment via personal contact by the researcher. They were
invited to the lab which is located at the Donders Center for Cognition at Radboud University.
Before participating, they were handed out an information letter. After reading this letter,
participants signed the informed consent and then the research could start. The participants took
part in a larger study in which a neuropsychological test battery was conducted (see Table 1).
Due to the duration of this battery, the study was initially divided into two sessions to prevent
performance decline due to cognitive fatigue. However, some of the younger participants
reported not to be tired after the first session. Therefore, some of them underwent the whole

test battery within one session. We tried to stick to the predefined order as presented in Table



1. In some cases, however, we deviated from this order due to unforeseen circumstances during
the test administration. Since there are no practice effects between tests, there are no
consequences attached to this, apart from the fact that it affects the standardization of the

circumstances that the participants were in.

Table 1

Predefined order of the test battery divided over the two sessions.

Session Test Cognitive function/Measurement
1 CCAS Screening for CCAS (cerebellar cognitive affective
syndrome)
MOCA Cognitive screening
Stroop Executive functioning | attention + processing speed
CRIq Cognitive reserve
Aphasia-Net subtest 2 Word fluency
NLV Verbal intelligence
LDST Visuomotor speed
ISWT Memory
Social Norm Questionnaire  Screening social norms — dementia indications
Hexaco 60-items Personality
PitsburghSQI Subjective sleep screening
SQUASH Subjective activity screening
Curiosity Indicator of degree of curiosity
15WT recall Memory
2 Snellen Chart Eye-sight
Ishihara Test Screening for colour blindness
Visual search Eyetracker task and hybrid foraging task
ERT Perception of facial expression
Aphasia-Net subtest 4 Word fluency

Note. Within this study, the curiosity questionnaire and the hybrid foraging task were the

assessments of interest.

Curiosity questionnaire

The curiosity questionnaire was completed by the participants themselves. They were
instructed to use the four-point scale to demonstrate to which extent they identified with the
statements. The researcher was available for potential questions during the filling in of the
questionnaire.
Hybrid foraging task

The foraging task consisted of two blocks which both had the same memory set size of
8 objects. The task began with a memorization phase in which the target objects were presented,

one after another, for three seconds on a white screen. Intact recognition memory is a



prerequisite for adequate performance on the hybrid foraging task (Wiegand et al., 2019).
Therefore, the memorization phase was followed by an old/new recognition task to test how
well the participant remembered the target set (see Figure 1.). At least 90% of the responses
had to be correct before the participant could begin with the experiment. If the participant failed
to reach this level, there would be a repetition of the memorization phase and recognition test.
One participant did not immediately reach the criterion of 90%. However, it became known
that the incorrect keys of the keyboard were pressed (e.g. pressed the key for ‘old’” when the
intention was to answer ‘new’ and vice versa). Instructions were repeated and consequently the
participant passed the recognition phase.

Directly after passing the recognition memory test, the hybrid foraging task began.
Within this task, multiple instances of the memorized objects were presented on a computer
screen in patches (visual displays) of moving objects. The initial visual set size was randomly
selected for each patch and could consist out of 50 or 100 objects. At the onset of each patch,
30% of the objects were target objects. The rest of the objects were novel distractors. Each
patch included four different target types. The objects moved around at a constant velocity.
Although the objects could overlap, the edges of the patch were all repellent.

The participants were instructed to collect 300 points per block as fast as possible. They
could do this by moving their cursor towards a memorized object (target) and consequently
click on it. Then, the object would disappear from the patch. For each collected target object,
the participant received 2 points (see Figure 1.). For each distractor object that they clicked on
by mistake (false alarm), the participant lost 1 point. Feedback about a false alarm was directly
given through the appearance of a red square behind the object. This served the purpose of
preventing participants from incorrectly classifying distractor objects as target objects. The
current score was presented at the center of the screen at all times.

Most importantly, for the MVT to apply, we had to make clear that participants
understood that the search was non-exhaustive. Therefore, we instructed the participants that
the main goal was to gain the points as fast as possible and not to find all of the target objects
between the distractors. Moreover, we notified them that they were in control over refreshing
the patch they were in for a new one if they thought this would be in advantage for their speed.
They could do this by clicking on the “Next” button, presented straight below the current score
overview (see Figure 1.). The time at which they decided to click this button, reflects the patch-
leaving behavior. The duration between the click on the “Next” button and the appearance of
the new patch is referred to as “travel time”. This was needed to compute new stimuli. The

travel time differed in duration between blocks (block 1 = 1s, block 2 = 3s).



Figure 1
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Note. First, there is a memory test with a memory set size of 8 objects. In the actual task, the
objects appear one by one for 3 seconds each. Within the old/new recognition task, the object
of this example is a target and therefore ‘old’. Then, the trials start. In this example, the initial
visual set size consists out of 50 objects among which there are four target types (camel, car,
fruit, pot). In the actual experiment, the images moved around to prevent observers from
adopting a “reading strategy” which is adaptive for exhaustive, and not explorative, search
(Wolfe et al., 2016). The current score and the ‘Next’ button are presented at the center of the
screen. The score goes up from 0 to 2 due to the correct identification of a target. After the click

on a correct target. It disappears from the screen.

Data Analysis
For each participant, an Excel file became available after participation. From this file,

we were mostly interested in two variables. The first variable of interest was the average
instantaneous rate of collection for the last click in the patch for each participant. Since the
experiment ends on its own when 300 points are earned, there is no intentional patch-leaving
behavior within the last patch. Therefore, we excluded the last patch of each block from the
analysis. Subsequently, we made a pivot table, for each participant, in which the average time
per click became visible for each block of the experiment. Since we were only interested in the
last click in the patch, we examined the “reverse click” variable. Reverse clicks are measured
starting at the end of collection in a patch (Wiegand et al., 2019). Therefore, reverse click 1 is

the final object to be clicked on before the observer clicks “Next” to travel to a new patch. We
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examined how many clicks there were within a patch and only used the average time of reverse
click 1. Since with every click on a target 2 points were obtained, we divided 2 by this average
time per click in seconds. We did this for both blocks of the experiment.

Second, we were interested in the overall average rate of collection for the last click in
the patch for each participant. To calculate this value, we excluded the last patch of each block
from the analysis for the same reasons as mentioned above. Subsequently, this meant that the
participant could not have earned 300 points. Therefore, we first calculated how many points
the participant did earn in the remaining patches. Then, pivot tables were used to calculate the
total time that each participant had spent in a patch. This total time was calculated by summing
up the total time per patch and by adding the travel time between patches to this amount (1
second per patch in block 1 and 3 seconds per patch in block 2). To obtain the average rate of
collection for the last click in the patch, we divided the amount of points that was earned in all
patches per block (last patch excluded) by the total time that was spent in all patches (last patch
excluded, travel time included). These values were put together into another Excel file, together
with the participant age and sex, the epistemic curiosity score, the perceptual curiosity score
and the total curiosity score.

To measure patch-leaving behavior, we compared the average instantaneous rate of
collection with the overall average rate of collection by dividing the values through each other.
According to the MVT, the closer these values are together, the more optimal the search strategy
was. Thus, in our analysis this meant the closer this value was to 1, the better the search strategy
could be predicted by the MVT and the more optimal (explorative) the search strategy was.
Subsequently, the data was further analyzed in SPSS (version 26). We first made a correlation
matrix with patch-leaving behavior, reaction time, age, total curiosity, epistemic curiosity and
perceptual curiosity as variables. Then, we performed a multiple regression analysis with patch-
leaving behavior as criterion (continuous) and age (continuous) and curiosity (continuous) as
predictors. If the relationships between these variables appeared to be significant, we would
have done a mediation analysis to examine whether curiosity mediates the relationship between
age and exploration in hybrid foraging. To examine the relationship between age and curiosity,
we performed another multiple regression analysis with curiosity (continuous) as a criterion
and age (continuous) as a predictor.

Results
Table 2

Correlation matrix of the different variables
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Patch- Reaction Age Total Epistemic Perceptual
leaving time curiosity curiosity  curiosity
Correlations  Patch- 1.000 006 116 035 -.227 205
leaving
Reaction 1.000 =772 285 086 317
time
Age 1.000 -331 -.041 -411
Total 1.000 673" 852~
curiosity
Epistemic 1.000 .186
curiosity
Perceptual 1.000
curiosity
Significance Patch- . 974 267 426 225 268
leaving
Reaction . 000 120 .646 082
time
Age . 034 .825 022
Total . 000 000
curiosity
Epistemic . 317
curiosity
Perceptual
curiosity

Note. * means that correlation is significant at the .05 level (2-tailed). ** means that correlation

is significant at the .01 level (2-tailed).

From the correlations in Table 2 it becomes clear that reaction times increase
significantly with age (r = -.772, p = 000). The correlations between age and patch-leaving
behavior and total curiosity and patch-leaving behavior appear to be insignificant (r = .116, p
= 267; r = 035, p = . 426). This is also demonstrated in Figure 2. Moreover, the correlation
matrix demonstrates a significant negative relationship between total curiosity and age (r = -
331, p = 034). This is relationship is also visualized in Figure 3. Looking at perceptual and
epistemic curiosity separately, it becomes clear that this significant relationship is mostly driven
by perceptual curiosity (r = -411, p = 022) compared to epistemic curiosity (r = -.041, p =
.825). Surprisingly, epistemic and perceptual curiosity do not correlate significantly with one
another (r = .186, p = 317).

Initially, due to the differences in travel time, a paired-samples t-test was conducted to
test for differences in patch-leaving behavior between the two blocks of the experimental task.
The results indicate that patch-leaving behavior in block 1 did not differ significantly from
patch-leaving behavior in block 2 (#30) = -1.486, p = .148). Therefore the data of both of the

blocks was put together in the subsequent analyses.
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To answer the research question, a multiple regression analysis was performed in which
patch-leaving behavior (criterion) was to be predicted by age (predictor) and total curiosity
(predictor). The proportion of explained variance (R *= .020) appeared not to be significantly
bigger than zero (F(2, 28 = 279 p = .759). The regression line for age does demonstrate a tilt
in the expected direction (see Figure 2). As there is no significant correlation between age and
patch-leaving nor between curiosity and patch-leaving behavior, no mediation analysis has been
performed.

We did another multiple regression analysis in which patch-leaving behavior (criterion)
was to be predicted by perceptual curiosity (predictor) and epistemic curiosity (predictor)
separately. The proportion explained variance was not significantly bigger than zero (R = .167,
F(3,27)=1.800,p=.171). The results do not show any effects for epistemic curiosity on patch-
leaving behavior (#(-1.571) =-.24 p =.128). For perceptual curiosity, however, there seems to
be a trend in which patch-leaving behavior can be predicted out of perceptual curiosity (#(1.842)
= 022, p = .076). Within this trend, the search is more exhaustive if people experience more
perceptual curiosity (see Figure 4). The proportion explained variance being moderately sized,
could indicate that the non-significant result is the consequence of the sample size being too

small (N =31).

Figure 2
Scatterplot of the correlations between age and patch-laving behavior and total degree of

curiosity and patch-leaving behavior
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Note. The plot on the left demonstrates the relationship between patch-leaving behavior (y-axis)
and age (x-axis). The higher the number of the patch-leaving behavior, the bigger the deviation
is from the MVT, i.e. the more exhaustive the search strategy. The regression line does show a

small, but insignificant, tilt in which older people tend to adopt a more exhaustive search
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strategy. However, there are many younger observers who tend to search exhaustively as well.
The plot on the right demonstrates that there is no relationship between patch-leaving behavior

(y-axis) and curiosity (x-axis).

Figure 3
Scatterplot of the correlations between age and total degree of curiosity and between age and

perceptual curiosity
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Note. The plot on the left demonstrates the relationship between total degree of curiosity (y-
axis) and age (x-axis). The regression line shows a significant correlation in which total degree
of curiosity declines with age. The plot on the right demonstrates the significant relationship
between perceptual curiosity (y-axis) and age (x-axis). The regression line demonstrates that

there is an age-related decline in perceptual curiosity.

Figure 4
Scatterplot of the correlation between epistemic curiosity and patch-leaving behavior and

perceptual curiosity and patch-leaving behavior
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behavior, the bigger the deviation is from the MVT, i.e. the more exhaustive the search strategy.
Within the plot on the right, the significant relationship between patch-leaving behavior (y-
axis) and perceptual curiosity (x-axis) is being displayed. The regression line indicates a trend
in which people who are more perceptually curious, tend to adopt a more exhaustive search

strategy in hybrid foraging.

Discussion

We examined the relationship between age, the degree of curiosity and patch-leaving
behavior. Age and degree of curiosity was obtained via questionnaires. Patch-leaving behavior
was measured by a hybrid foraging task. Within this task, observers search visual displays, i.e.
patches, for multiple instances of any of various sorts of targets. They are instructed to do this
as fast as possible. Our results indicate that there is no relationship between age and patch-
leaving behavior nor between curiosity and patch-leaving behavior. We did find that older
adults have longer reaction times than younger adults. This is a common finding which can be
explained by general motor slowing (Wiegand et al., 2019). Moreover, we found a significant
negative relationship between age and total degree of curiosity. Surprisingly, looking separately
at the two types of curiosity that were measured by the questionnaire, we found that perceptual
curiosity is more sensitive to aging than epistemic curiosity. Within this study, it can be
concluded that there is no relationship between age and patch-leaving behavior nor between the
degree of total curiosity and patch-leaving behavior. These findings do not match the
expectations that were formed based on the literature. Therefore, we will discuss possible
explanations for the results that were found.
Age and patch-leaving behavior

Especially the missing relationship between age and patch-leaving behavior is standing
out. In previous studies, younger participants largely followed the predictions of optimal
foraging behavior according to the MVT within hybrid foraging tasks (Wolfe et al., 2016;
Wiegand et al., 2019). Once their declining instantaneous rate of collection reached their
average rate of collection for the entire block, they revealed a tendency to leave the patch they
were in. However, the scatter plot (see Figure 2) nicely demonstrates that, within this study,
there are many younger observers who stayed in a patch until their instantaneous rate of
collection was below their average rate of collection. This behavior is suboptimal in terms of
the MVT which aims to maximize the output per time (Charnov, 1976). Given that the task was

administered within a larger test battery, we modified it into a shortened version. There might
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be some characteristics of the shortened hybrid foraging task which have triggered the
participants into adopting a more exhaustive search strategy.

In contrast with the studies of reference (Wiegand et al., 2019; Wolfe et al., 2016), we
left out the practice trials in the shortened version of the hybrid foraging task. Therefore, at the
beginning of the task, participants had no idea about what it would look like. As the trade-off
between explorative and exhaustive search can be seen as a speed-accuracy trade-off (Starns &
Rattcliff, 2010; Wiegand et al., 2019), it is known that humans tend to choose accuracy when
they are unknown with a certain skill (Heitz., 2014). Within our hybrid foraging task, this could
mean that an exhaustive search strategy felt more optimal for our participants to begin with.

Our task had the smallest memory set size (8 objects) of the memory set sizes of 8-64
objects that were used in the studies of reference (Wiegand et al., 2019; Wolfe et al., 2016).
However, several findings in these studies indicate that smaller memory set sizes might trigger
a more exhaustive search strategy compared to bigger memory set sizes. Early patch-leaving
behavior (i.e. an explorative search strategy) is characterized by traveling to a new patch, even
though there are still targets present in the current patch (misses). The previous studies
demonstrate that, the number of misses were lower in smaller memory set sizes. Moreover, the
instantaneous rate of collection in reverse click 1 was lowest within the smallest memory set
size. Meaning that participants stayed in a patch, even though it was not in advantage for their
speed. Possibly, when it’s easier to remember all target objects (small memory set size) it is
harder for participants to leave targets behind. This could mean that a memory set size of 8
objects was too small for the younger participants to adopt a more explorative search strategy.

To shorten the hybrid foraging task, we reduced the number of blocks and trials.
Consequently, the hybrid foraging task was the shortest computer task out of the test battery
(see Table 1.). If a task already is relatively short, speed costs due to slower searching strategies
might have been less obvious to the participant. This raises the idea that, possibly, the speed
cost of their exhaustive search strategy was not noticeable to them. Moreover, the studies of
Wiegand et al (2019) and Wolfe et al (2016) talk about an “average group effect” in which
younger adults’ behavior “roughly” follow the predictions by the MVT. Since they have more
individual trial data available, it could be that our amount of trials might have been too small
to find any age effect on patch-leaving behavior. Our statistical analyses show several trends
with moderate explained proportional variances. Therefore, it could be that more individual
trial data, would have led for the trends to turn into to significant results (Ellis, 2013a). Thus,

the shortened version of the hybrid foraging task might not have been sensitive enough for the
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participants to notice the time costs and for the statistical analysis to detect significant
differences.
Curiosity and patch-leaving behavior

Due to the nature of curiosity, we expected curious people to experience a higher
tendency to continue searching a new patch, i.e. be more explorative (Berlyne, 1957; Kashdan
& Silva, 2009). However, we found no relationship between curiosity and patch-leaving
behavior. We did discover a trend for perceptual curiosity, which triggers visual inspection
(Collins et al., 2004). The trend demonstrates that people who are more perceptually curious
adopt a more exhaustive search strategy. This is not what we expected, based on our hypothesis
for the total degree curiosity. However, it does make sense if we consider Berlyne’s definition
of specific exploratory behavior (Berlyne, 1966). This type of exploration is characterized by
the detailed investigation of a particular novel stimulus and is mostly motivated by perceptual
curiosity. It is more likely to occur in situations that are rich with novel stimuli. Our results
indicate that, within hybrid foraging, the visual inspection of people with high perceptual
curiosity is already triggered in the patch they were currently in. They appeared to study one
particular patch in a detailed manner instead of that their perceptual curiosity motivated them
to switch between the patches, as we beforehand expected for total degree of curiosity.
Age and curiosity

We found a significant correlation which demonstrates an age-related decline in
curiosity. This is a replication of a steady finding in literature (Renner, 2006; Robinson et al.,
2017). However, beforehand, we did not expect a significant difference between the two types
of curiosity that were measured by the questionnaire. It seems that perceptual curiosity is more
sensitive to aging than epistemic curiosity. This means that, within older people, the need for
knowledge does not necessarily decline, but the actual visual investigation of the environment
does. Research states that older people have a reduced perceptual ability to focus on stimuli in
the environment (Diaz-Santos et al., 2016). Therefore, being perceptually curious might be
physically harder for older observers. If something costs more effort, then our natural tendency
to perform it declines (Inzlicht et al., 2018). This might explain the age-related decline in
perceptual curiosity. Moreover, people generally acquire more knowledge and develop more
personal values as they age (Salthouse, 2010). Given that epistemic curiosity is mostly about
the integration of information, this could explain why it does not necessarily decline with age.
Study limitations

The study contains a number of limitations which will be discussed in the following

section. A First limitation contains the sample. Besides the fact that the sample size is quite
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small (N = 31), the age distribution of the study was shifted to more younger adults than older
adults. There is an age gap between 26 and 43 years. Within our statistical model, we suppose
that the relationships between age and patch-leaving behavior and age and curiosity are linear.
Therefore, based on the data of the older and younger participants, the regression line continues
to draw the line through the age gap (see Figure 2 and Figure 3). However, due to the lack of
data, we cannot judge whether this is justified. It could be that people within this gap score
differently from our model. This limits the generalizability of our data to the population (Ellis,
2013b). A second limitation contains the curiosity questionnaire. Besides the reliability, not
much is known about the psychometrical properties of the questionnaire, such as validity.
Therefore, nothing can be said about the extent to which the questionnaire actually measures
the constructs that it is supposed to measure. This can be considered as a limitation of the
curiosity measure.

Recommendations for future studies

For future studies we first recommend to obtain more individual trial data (via
enlargement of sample size or number of trials) in a sample in which age is more equally
distributed. This will increase the generalizability of the data. They are recommended to
reintroduce the practice trials as well. It is a valid way to test whether participants understood
the instructions and it gives the researcher an extra opportunity to amplify that a participant
could think about leaving the patch they are in if it is in advantage for their speed. Most
importantly, since age remains to be an interesting variable, it is fair for older people to have
an opportunity to practice. They are proven to be less familiar with computers and need more
time for skill learning (Broady et al., 2010).

The effects of other mediator observer variables could also be interesting for future
studies to consider. Indecisiveness, for example is a wide-spread phenomenon, but, so far, it
has had little attention in empirical research (Rassin et al., 2007). Moreover, research findings
indicate that there are fundamental differences in the way in which younger and older adult
approach decision-making situations (Worthy et al., 2011). Since patch-leaving behavior
contains a decision-making component, examining the relationship between age, indecisiveness
and patch-leaving behavior could yield interesting results.

Summary

To summarize, it can be concluded that there is no relationship between age and patch-
leaving behavior nor between curiosity and patch-leaving behavior in this study. This means
that we did not find evidence for our main hypothesis. However, we did find a significant

relationship in which curiosity declines with age. This relationship is mostly driven by
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perceptual curiosity compared to epistemic curiosity. Besides that, we succeeded to provide a
well-structured theoretical framework for future studies to build upon further, contributing to
the theoretical relevance. These future studies should obtain more individual trial data (via an
enlargement in sample size or trials) in a sample that is more equally distributed regarding age.
They could reintroduce the practice trials as well. Moreover, they could yield interesting results

by examining other mediator observer variables such as indecisiveness.
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