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Will Monkeys Wager Differently as a Function of
Stimulus Fluency or When Making Immediate
Versus Delayed Judgments of Memory?

Michael J. Beran and Kathleen Friedlein
Georgia State University, Department of Psychology and Language Research Center

Abstract

Nonhuman animals can engage in forms of metacognitive control and monitoring processes.
However, very little testing of the relation between fluency and metacognition has been done in
animals, and little research has assessed memory performance in relation to animals making
immediate versus delayed judgments of their memory. Here, wagers made by monkeys during test
trials served as a form of confidence measure of how well they could complete a memory test. These
wagers occurred either after the delay interval between the sample presentation and the test (delayed
judgments) or after the sample presentation but before the delay interval and the test (immediate
judgments). Overall, no significant difference in performance was found between these two
conditions. We also manipulated the fluency of stimuli by either contrasting small (low fluency) or
large (high fluency) stimuli or by manipulating size and the degree to which stimuli were of similar
perceptual classes (low fluency, harder to distinguish stimuli such as triangular shapes) or were
dissimilar in color and shape (high fluency, clip art images). Although low fluency stimuli were
remembered at lower levels, the monkeys showed no evidence of adjusting wagering behavior as a
function of stimulus type. Thus, the present experiment showed no evidence that monkeys benefitted
from delay of judgments of memory and no evidence of stimulus fluency affecting their confidence
as measured by their wagering. Rather, most monkeys preferred consistent wagers across all trial
types. This may indicate a metacognitive limitation or some other form of behavioral satisficing that
led to suboptimal performance.
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Introduction

Adult humans engage in a sophisticated form of thinking known as
metacognition. They monitor their perceptual experiences and conceptual
knowledge states, they assess the availability and strength of specific memories, and
they anticipate their capacity to respond appropriately and adaptively to new
cognitive challenges (Benjamin et al., 1998; Dunlosky & Metcalfe, 2009; Flavell,
1979; Metcalfe & Shimamura, 1994; Nelson, 1992; Schwartz, 1994; Schwartz &
Metcalfe, 1994). Metacognition is highly relevant to educational achievement (e.g.,
learning strategies, test-taking skills; Dunlosky & Connor, 1997; Roebers, 2002;
Schneider, 2008), and it is often held to be a central aspect of higher intelligence in
humans.

There has been a longstanding debate about whether other species can engage
in metacognition. For 25 years, empirical data have been generated from numerous
species to aid in this debate, and to provide a comparative perspective on
metacognition (Basile et al., 2015; Beran et al., 2012; Brown et al., 2017; Call, 2010;
Carruthers, 2008; Crystal, 2014; Crystal & Foote, 2009; Hampton, 2009; Kornell,
2009, 2014; Smith, 2009, 2010; Templer & Hampton, 2012). There is consensus that
at least some species show patterns of performance in various tasks that require
interpretations based on executive functioning and cognitive control, if not on
metacognition fully (e.g., Brown et al., 2017, 2019; Carruthers, 2014; Smith et al.,
2013; Templer & Hampton, 2012; Zakrzewski et al., 2014). Some of these
performances of animals are not reducible to Stimulus-Response associative
learning, reward histories, or specifically trained stimulus classes and tasks (e.g.,
Basile et al., 2015; Beran et al., 2013; Brown et al., 2017; Kornell et al., 2007;
Morgan et al., 2014; Smith et al., 2006, 2008)

The field now needs to document and understand how internal cues trigger
monitoring processes that afford metacognitive judgments in nonhuman animals.
Cues such as stimulus fluency might influence metacognitive decisions across
species in ways similar to how we know such cues affect humans. For example, the
ease with which a stimulus is viewed, such as its larger size or more vivid color, can
affect people’s metacognitive judgments of how well they can remember or
categorize such stimuli (e.g., Mueller et al., 2014; Murphy et al., 2022; Rhodes &
Castel, 2008; Reber & Schwarz, 1999; Susser et al., 2013; Thompson et al., 2013;
Undorf & Zimdahl, 2019; Undorf et al., 2017; for review, see Alter & Oppenheimer,
2009). As one example, Rhodes and Castel (2008) showed that words presented in
larger font sizes during a serial recall task were judged to be better learned than those
in smaller fonts, even though performance during recall was not affected by this
manipulation. This is a form of metacognitive illusion, and an effect that has rarely
been assessed in nonhuman species. Ferrigno et al. (2017) is an exception to this as
they showed that rhesus macaques would make metacognitive errors based on
stimulus fluency. Specifically, monkeys were more willing to make higher
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confidence wagers on their memory accuracy based on higher perceptual fluency of
to-be-remembered stimuli, even though fluency itself was not related to objective
performance on the memory test.

Another important function of metacognition is judging when learning is
sufficient to proceed to taking a test or when learners wager or otherwise report their
confidence in what they have learned (i.e., judgments of learning, or JOLs). The
delayed-JOL effect shows that JOLs are more accurate for later recall when they are
made a short time after study rather than immediately following study (e.g.,
Dunlosky & Nelson, 1992). Different theoretical mechanisms for the delayed-JOL
effect have been offered, including that delaying these judgments may focus attention
solely on long-term memory versus also having access to short-term memory or that
encoding and recall contexts are slightly more different after a delay (Nelson &
Dunlosky, 1991). Other ideas have been offered, including that memory strength
stochastically drifts across the retention interval (Sikstrom & Jonsson, 2005). JOLs
might also serve as additional encoding opportunities, and if so, then delayed
judgments would lead to better encoding of items that were remembered (e.g.,
Kimball & Metcalfe, 2003). Comparative data on whether this effect occurs would
help distinguish mechanisms reliant on language or other uniquely human capacities.
Although animals cannot provide specific numerical or verbal assessments of how
well they have learned, they can be trained to use wagers or other behavioral
indicators that could reflect confidence in learning, or confidence in memory as in
the case of monkeys in the Ferrigno et al. (2017) study. This idea forms the basis for
the present experiment.

This experiment combines parts of the memory testing design used by Ferrigno
et al. (2017) with a manipulation of the delayed JOL effect. Specifically, we adapted
the prospective condition they used in which wagers were made after memory
encoding but prior to completing the memory assessment (in contrast to retrospective
wagers that were made after the memory test was completed). In our task, monkeys
engaged in a computerized delayed matching-to-sample task. They saw a sample
image which then disappeared, and it was either of high perceptual fluency (i.e.,
brightly colored, large, and easy to distinguish from distractor stimuli) or of low
fluency (i.e., small and difficult to recognize among distractor stimuli). After a delay
period during which the monkeys had to remember the stimulus, they had to find that
stimulus from an array of four options. They also provided a confidence wager on
their ability to complete the trial correctly. High wagers led to four rewards when
correct, but a 30-second timeout when incorrect. Low wagers led to two rewards
when correct and a 10-second timeout when incorrect. This design was previously
successfully used by monkeys in our lab (Shields et al., 2005), and it conceptually
matched the wagering approach of Ferrigno et al. (2017). To investigate the delayed
JOL effect, we included two test conditions that varied when the JOL was made. In
the immediate JOL condition, this wager was made as soon as the image left the
screen (i.e., at the start of the delay interval). In the delayed JOL condition, this wager
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occurred 10 s after the image left the screen, right before the delay interval ended.
Thus, we could assess performance relative to wagering to test whether JOLs were
made more accurately when they were delayed. Note that in this experiment, we are
designating JOLs as assessments of how likely one will be able to remember
(immediate) or how well one has remembered (delayed) a sample image that was
encoded. We recognize that this is not the same as many human JOL experimental
paradigms, as those studies also can include retrospective JOLs and other forms of
commenting on confidence, but it is an approach that can provide initial data on
whether nonhuman animals may be capable of more sophisticated forms of
judgments of learning,

The rationale for our design was to assess how stimulus fluency might influence
(i.e., modulate) wagering behavior and, specifically, whether monkeys might show
evidence of a metacognitive error. Such errors have been proposed as an essential
next step in better understanding the cues and mechanisms underlying “meta”-level
representations in animals (Kornell, 2014). In our design, metacognitive errors would
be evident if monkeys’ wagering was higher when stimulus fluency was higher (i.e.,
when stimuli were more fluent) even though actual memory performance was not
equally affected by high fluency stimuli compared to lower fluency stimuli. An
alternative outcome would be that manipulations to fluency would not affect
wagering and would only affect performance. This would suggest that, at least in this
task, metacognitive errors do not occur, presumably because monkeys respond based
solely on memory trace strength or perhaps even through a simple wagering strategy.

Methods
Participants

We tested 17 capuchin monkeys and five rhesus macaques (see Table 1). All
monkeys were housed at the Language Research Center of Georgia State University.
All monkeys had previous exposure to delayed matching to sample tasks and were
familiar with the testing apparatus. Monkeys were never food or water-deprived, and
testing was always voluntary. Monkeys also had access to indoor and outdoor
facilities and enrichment items outside of their individual testing boxes. The
monkeys were socially housed for the majority of the day with conspecifics
(capuchin monkeys) or were paired daily with a socially compatible partner with
whom they could spend time indoors and outdoors (macaques). The only exception
was macaque Lou who was under medical treatment during the experiment that
required single housing. He still had visual and auditory access to conspecifics at all
times. All experimental procedures were approved by the Institutional Animal Care
and Use Committee of Georgia State University. Georgia State University is
accredited by the Association for Assessment and Accreditation of Laboratory
Animal Care International.
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Table 1

Participant Demographic Table and Training Performance

Species Sex Age /Birth Year  Sessions  Trials to criterion
Rhesus Monkeys

Chewie M 24/1999 15 1,689
Han M 21/2002 13 492
Lou M 30/1993 13 4,261
Luke M 2471999 10 1,020
Murph M 30/1993 5 1,048
Capuchin Monkeys

Albert M 12/2011 22 614
Applesauce F 19/2004 17 3,947
Atilla* M 11/2012 38 5,582
Bailey* F 24/1999 15 2,401
Bias* F 36/1987 22 651
Gambit F 2771996 9 486
Gretel F 20/2003 11 623
Griffin M 26/1997 11 586
Ingrid F 11/2012 16 3,817
Ivory F 25/1998 6 1,636
Liam M 20/2003 7 2,648
Lily F 26/1997 13 2,656
Logan M 18 /2005 7 409
Lychee* F 24/1999 23 2,654
Nala F 21/2002 11 1,151
Nkima M 16 /2007 22 1,177
Wren F 21/2002 8 596

* Failed to meet criterion to advance to the testing phases.
Apparatus

Monkeys completed test sessions using the Language Research Center testing
system. This included a personal computer, a 17-inch monitor display, a manipulable
joystick controller, and a pellet dispenser. Monkeys were separated from the monitor
by a clear face plate and were able to manipulate the joystick and access pellet
rewards with their hands through cutouts in the face plate. When a correct answer
was selected, rewards were dispensed from the pellet dispenser through a plastic tube
and into the monkey’s testing box. Rewards were 45 mg banana flavored pellets
(bio-serv.com).

General Task

Across all phases of the experiment, at the start of each trial, a red cursor, 4.5
mm in diameter, was located at the bottom center of a white screen and a grey
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rectangle, 24 mm tall and 60 mm wide, was placed at the mid-top center of the screen.
The monkey controlled the cursor by moving a joystick with its hand, and joystick
deflections led to smooth movement of the cursor on the screen. When the monkey
moved the cursor into contact with the grey rectangle, the rectangle disappeared, and
a sample image appeared onscreen. This image differed across phases of the
experiment (see below), and it was present for one second before disappearing from
the screen. This was the to-be-remembered sample, and its size varied across
different phases of the experiment (see below). The monkey’s task was to choose the
image that looked the same from four options (each 60 mm x 60 mm) presented on
screen later in the trial. Chance performance was 25% given these four choices.
Those choice options appeared in the four corners of the screen, and contacting the
item that was identical to the sample led to 2 or 4 food pellets (condition dependent,
see below) being delivered, after which the screen was cleared of all images. If the
correct item was selected, the trial initiation stimulus was presented. If an incorrect
image was selected, the screen was cleared and a 10- or 30-second (condition-
dependent) timeout period occurred, during which the screen remained blank. No
food reward was delivered. Next, the trial initiation stimulus was presented.

Training Phase

In this phase, sample images were comprised of colored clip art images (N =
350) that were all high in perceptual fluency in terms of their size (60 mm x 60 mm),
coloration, and distinctiveness. After contacting the sample image, one of two types
of trials was presented. In the immediate wagering condition, monkeys were shown
a wager option immediately after seeing the to-be-remembered stimulus. After wager
selection, monkeys experienced a 10-second delay before the memory test. In the
delayed wagering condition, monkeys experienced a 10-second delay before they
made a wagering decision. In this condition, the memory test was taken immediately
after wager selection (see Figure 1).

The monkeys were presented with only one wagering option on each trial, so
that they could learn the contingencies for each option. These options were presented
as two unique stimuli: a purple box (48 mm high and 60 mm wide) with the word
HIGH written in black letters on the mid-left side of the screen, or a brown box with
the word LOW written in yellow letters on the mid-right side of the screen. Selection
of a high wager led to four food rewards when monkeys correctly identified the to-
be-remembered stimulus, and a 30-second time out when an incorrect choice was
made, during which the screen was cleared and remained blank. Selection of the low
wager led to two food rewards upon correct image identification, and a 10-second
screen time out when an incorrect selection was made. Our initial criterion for
passing this phase was a score of 50% or higher accuracy on each of the possible
training conditions (immediate low wagers, immediate high wagers, delayed low
wagers, delayed high wagers). Criterion was assessed at the conclusion of each test
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Figure 1
Schematic of the Trial Types
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Note. High wagers led to 4 pellets if correctly completed and a 30-second timeout if incorrect, and Low
wagers led to 2 pellets if correct and a 10-second timeout if incorrect.

Trial Start 1 Second

session once a monkey had completed at least 400 total trials. Four capuchin
monkeys failed to meet this criterion. After 1,427 trials, Attila was still at chance
levels (~25% correct) in all conditions. Bias was not willing to engage in trials in this
condition (she only completed 651 trials across 22 test sessions). Bailey (2,401 trials)
and Lychee (2,654 trials) had one or more conditions in which they did not meet
criterion. One capuchin monkey (Liam) had one of the four conditions in which he
did not quite reach the 50% criterion (48.7% correct), but he did meet criterion for
the other conditions, so we chose to progress him to keep the sample size as large as
possible.

Test Phase 1

A total of 13 capuchin monkeys and 5 rhesus macaques met the criteria to enter
the testing phase. In this phase, 50% of the trials were immediate wagering trials, and
50% were delayed wagering trials. On each trial, there was a 50% probability that
both wagering options were offered and a 50% probability of a “forced” trial, where
only one wagering option was offered (as in the Training phase). This was done for
two reasons. First, to ensure that monkeys had continual experience with each of the
wagers in terms of their contingencies, and second, to provide interleaved data on
performance when wagering was not controlled by the monkeys compared to when
it was. When both choices were available for wagering, they were in the same
locations as they had been in the Training phase, but both were available
simultaneously. All other aspects of the trials were the same as in the Training phase.
Monkeys completed 2,000 trials in this phase.
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Test Phase 2

In this phase, each monkey again completed 2,000 trials. The change to the
design involved the to-be-remembered stimuli. Our first manipulation of perceptual
fluency involved stimulus size. On each trial, the sample was randomly determined
to have high or low perceptual fluency. High fluency images were defined as being
large (60 mm x 60 mm), and low fluency images were defined as being small (48
mm x 48 mm). In each of these conditions, the match choices were of the same size
as the sample on each trial (large or small). All other aspects of the trials were
consistent with the previous test phase.

For reasons unrelated to this study, two capuchin monkeys (Applesauce and
Albert) were discontinued from the study.

Test Phase 3

In the last test phase, the perceptual fluency and distinctiveness of the to-be-
remembered stimulus were manipulated. This design change was in response to
extreme biases seen during Test Phase 2 in an effort to reduce the proportion of high
wagers being made by so many of the monkeys (see Results). Stimuli continued to
be presented as either small or large, but we also varied the type of stimulus
presented. More fluent images remained the same clip art images that had been used
previously, whereas low fluency images all consisted of abstract shapes. These
shapes all took the form of red-colored pointed shapes presented against a black
background. There were 150 of these stimuli that could be presented along with the
350 clip art images. On trials with clip art samples, only clip art match choices were
presented, and the same was true for the shape stimuli. In addition, within those 150
shapes, we used 10 distinct classes of shapes, so that the most difficult trials could
include one or more incorrect options that came from the same class of shape (see
Appendix 1 for all of these stimuli). Stimuli were drawn at random, meaning that
there was approximately a 30% probability of a trial involving these shape stimuli as
the sample and a 70% probability of a clip art stimulus being the same. All other
aspects of trial presentation remained consistent with the previous test phase. Each
monkey again completed 2,000 trials, except for Lily who completed 1,876 due to
computer error. Due to low participation rates (i.e., refusing to enter the text boxes
for testing sessions), one capuchin monkey (Ivory) was discontinued from the study.
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Results
Training Phase

Table 1 presents the number of sessions and the numbers of completed trials by
all monkeys in this phase. As noted above, four monkeys did not progress to the
testing phases.

Test Phase 1

We first examined performance (percentage of trials correct in matching) on all
possible trial types. A mixed-factors ANOVA was conducted with species as a
between-subjects factor, wagering judgment condition (immediate or delayed), trial
type (forced or choice wagering), and chosen wager amount (high or low wager) as
within-subjects factors. The only significant effect was for trial type (forced or choice
wagering), F(1, 16) = 7.05, p = .017, np> = .31. All other main effects, and all
interactions were non-significant, all p > .05. For the effect of trial type, performance
was significantly better when monkeys were forced to choose the only available
wager than when they could choose a wager. The data combined across species in
each condition, and each wager period and type of wager are shown in Figure 2.

Figure 2
Performance of all Monkeys in Testing Phase 1.
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Note. Error bars depict corrected 95% confidence intervals for repeated measures tests (Cousineau,
2005).

We also assessed whether, on choice trials where either wager could be made,
monkeys preferred to wager high more often in the immediate or delayed judgment
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conditions. Here, we used another mixed ANOVA with species as the between-
subjects factor and wagering judgment condition (immediate or delayed wager) as
the within-subjects factor. There was no effect of species, F(1, 16) = 0.07, p = .80,
np* = .004, no effect of wagering judgment condition, (1, 16)=2.87, p=.11,np*=
.15., and no interaction, F(1, 16) = 0.01, p = .97, np? = .00. In general, the group of
monkeys preferred to make high wagers overall for each wagering judgment
condition; immediate condition: one sample #(17) =2.55, p=.021, delayed condition:
one-sample #(17) =3.55, p =.002.

Test Phase 2

In Test Phase 2, extreme biases emerged for most of the monkeys’ wager
choices (Table 2). Eleven monkeys (seven capuchin monkeys and four rhesus
macaques) chose the high wager on 90% or more of all trials. Three other capuchin
monkeys instead chose the low wager on 90% or more of trials in these four
conditions. Only two monkeys chose the high wager and low wager at rates that
suggested some discernment across trials about that decision. Macaque Chewie
selected the high wager on 75% of trials, and capuchin Nala selected it on 58% of
trials. Given these extreme biases, it was clear that the monkeys did not provide data
relevant to our main experimental question.

Table 2
Percentages of Choices of the High Wager for all Monkeys in Test Phase 2 and Test Phase 3

Test Phase 2 Test Phase 3

Species Large Small Large Small

Imm. Delay Imm. Delay Imm. Delay Imm. Delay
Rhesus Monkeys
Chewie 78.6 71.5 73.9 78.3 96.1 97.6 96.4 97.1
Han 97.2 94.8 96.6 94.3 99.2 98.4 98.8 98.3
Lou 99.6  100.0  100.0 99.2 97.2 97.7 97.3 96.4
Luke 98.1 99.6 98.7 99.2 97.6 98.5 99.6 98.0
Murph 933 98.4 95.0 99.6 97.3 99.2 99.0 98.3
Capuchin Monkeys
Gambit 0.39 0.72 0.84 0.37 23 1.1 2.1 2.0
Gretel 99.4 99.1 97.1 98.8 99.0  100.0 99.2 100.0
Griffin 98.4 98.8 98.0 99.2 92.1 89.5 92.0 89.3
Ingrid 99.6  100.0 100.0  100.0 99.6 100 99.2 100.0
Ivory 11.9 5.0 14.1 7.1 NA NA NA NA
Liam 87.1 95.1 100 99.4 100 100 100 100.0
Lily 98.0 99.2 97.8 98.6 95.9 99.6 96.3 99.5
Logan 100.0 99.3 100.0 100.0  100.0  100.0  100.0  100.0
Nala 21.1 96.0 18.6 93.9 47.5 98.5 37.1 99.2
Nkima 04 0 0 0.4 2.1 6.8 5.1 8.2
Wren 97.0 95.7 96.2 97.7 97.2 100 98.0 99.6
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To attempt to understand these strong biases, we examined performance levels
on trials where the wager was forced, so that we had enough data to assess both
species. Performance was significantly better when stimuli were large (72.2%)
compared to when they were small (68.6%), #(14) = 2.46, p = .028. This confirmed
that our fluency measure did generate performance changes, although these were not
substantial. Performance was also better when immediate wagers were made
(80.0%), compared to delayed wagers (68.9%), #(14) = 2.35, p = .035. This pattern
is less informative because on these trials the wager was not under control, and so it
is not clear why this would be true except that perhaps knowing the wager ahead of
the delay increased the monkeys’ attention to their memory because there was no
competing need to choose between wager options. Finally, we examined overall
performance (correctness) for trials where a wager had to be selected versus trials
where the wager was forced, to see whether performance again differed as it had in
Test Phase 1. We did not find that effect in this phase, with performance in the
wagering condition (72.3% correct) and forced condition (71.0% correct) not
significantly different from each other, paired #(15) = .47, p = .64.

Test Phase 3

The monkeys again showed extreme biases in their wager choices, and in the
same direction as for Phase 2 (Table 2). Twelve monkeys (seven capuchin monkeys
and five rhesus macaques) chose the high wager on 90% or more of all trials. Two
capuchins instead chose the low wager on 90% or more trials. Only one monkey
(Nala) chose the high wager and low wager at rates that suggested some discernment
across trials about that decision. She selected the high wager on 71% of trials.

Again, to investigate whether these biases were suboptimal from the perspective
of the difficulty of different trial types, we examined performance as a function of
stimulus type, stimulus size, and the immediate or delayed wager that was to be
made. We collapsed across all choice trials and forced trials to examine these effects
for all data. This 3-way ANOVA indicated that there was a main effect of stimulus
type, F(1, 14) =417.9, p <.001, with performance significantly better on trials with
clip art stimuli (M = 75.9%, SD = 8.9) than triangle shapes (M = 28.4%, SD =7.1).
There was no main effect of stimulus size, F(1, 14) =0.19, p = .67, and there was no
main effect of the immediate or delayed trial type, F(1, 14) = 0.29, p = .64. There
was a significant interaction of stimulus type and stimulus size, (1, 14)=10.66,
p =.006. For clip art stimuli, larger stimuli were remembered at a higher level than
smaller stimuli, #14) = 2.50, p = .026, but this was not the case for the pointed
triangular stimuli, #(14) =-1.21, p = .25.

Thus, as in Phase 2, our manipulations of stimuli did generate performance
differences, and in this case, for stimulus type, it was a substantial difference, with
monkeys performing three times higher with clip art stimuli than pointed triangles.
However, the monkeys did not modify their wagering choices at all relative to Phase 2.
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Finally, we again examined overall performance (correctness) for trials where a
wager had to be selected versus trials where the wager was forced, to test whether
performance differed as it had in Test Phase 1. We did not find that effect in this
phase, with performance in the wagering condition (65.2% correct) and forced
condition (65.2% correct) not significantly different from each other, paired #(14) =
.0032, p=.98.

Discussion

Monkeys consistently failed to show evidence of adjusting their wagering
behavior based on the manipulations we employed in this experiment. In the first
phase, we simply presented immediate or delayed wagering opportunities to assess
whether wagers differed. This would have indicated that the monkeys had some
sense of different likelihood of success in the task at each wager point. However,
there was no indication of differential wagering in this phase.

In Phase 2, we varied the size of the sample image, and this was to provide a
simple method of increasing stimulus salience on this single property. Monkeys’
wagering behavior did not vary as a function of this, and it was possible that this was
not a sufficiently noticeable difference in the stimuli that had to be remembered even
though the monkeys performed better on the task with the larger stimuli.

In Phase 3, we used stimuli that gave monkeys either easier-to-remember (clip
art) or harder-to-remember (shapes) stimuli. This manipulation was reflected
objectively in performance levels. However, once again, the monkeys failed to
differentially wager as a function of stimulus difficulty, and also again as a function
of stimulus size. In essence, the monkeys were not connecting wagers to likelihood
of success in this phase, and that was true regardless of whether wagers were made
immediately or after a delay.

The clear conclusion is that, in this experiment, monkeys showed no evidence
of a delayed judgment of learning effect, and no evidence of even monitoring
memory or anticipating memory performance at all. Of course, this does not mean
monkeys cannot monitor and control their memory, as such demonstrations have
occurred in a variety of other metamemory tasks (e.g., Basile et al., 2015; Brown et
al., 2019; Hampton, 2001; Hampton et al., 2004; Kornell et al., 2007; Morgan et al.,
2014; Tanaka & Funahashi, 2012; Templer & Hampton, 2012; Templer et al., 2018).
What these results mean is that, in this experiment, no such evidence was present.

That leaves us with the question of what to make of these largely nu// results.
One possibility is that the monkeys were not motivated to perform more effectively,
or to adjust their wagering. We think this is unlikely, especially for Phase 3, where
errors occurred often with the red shapes, and monkeys sat through a great duration
of timeouts. Timeouts of this duration are typically highly effective in producing
learning in many other tasks we have designed, including uncertainty monitoring
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tasks where hard stimuli can be avoided through an escape response (e.g., Smith et
al., 2006, 2013). Thus, this does not seem likely, but we should acknowledge that the
use of different reward amounts (two and four pellets) may have been highly salient
to the monkeys and more so than other task characteristics.

Another possibility is that the monkeys did not understand the nature of the
wagering responses, or even the contingencies of those responses. However, our use
of forced trials throughout the experiment is the best approach we have to at least
ensure they did experience the contingencies of wagering high and wagering low
after making each of those wager types. Across training and three phases of the
experiment, such forced “reminder” trials did not induce changes in wagering in the
free choice trials. When given the choice, monkeys nearly all showed strong and
near-total biases, and for most monkeys, this was for the high wager.

Although some past work has shown that monkeys can make wagers on their
performance (Ferrigno et al., 2017; Shields et al., 2005), our experience is that such
performances are much harder to elicit compared to other kinds of metacognitive
responses. The present nu/l results mimic another series of past experiments in which
we found that capuchin monkeys were highly reluctant to make escape responses in
psychophysical discrimination tasks until such time as that chance responding was
so low that those responses were extremely adaptive to make. This contrasted with
most macaque monkeys who were more likely to engage with escape responses and
other metacognitive responses across a variety of experiments (e.g., Beran & Smith,
2011; Beran et al., 2014; Perdue et al., 2015; Smith et al., 2018). The present
experiment did not produce any species differences, but it may be that the reward
structure and the 25% chance level of responding were sufficient to allow monkeys
to show biases to only one wager value. The question is why this would be true.

Our preferred explanation is that in this task the wagering component of the
design may have simply been one for which the monkeys did not have sufficient
cognitive resources to engage such wagering proficiently. Remembering a stimulus
and making an intervening wager may have been too taxing to that ongoing rehearsal.
This was true even though our task, at least with clip art images, allowed for the use
of stimulus familiarity to correctly complete trials, and so working memory should
not have been taxed (see Basile & Hampton, 2013; Brady & Hampton, 2018; Brown
& Hampton, 2020). Perhaps making the wager response was still too distracting or
interfering for the monkeys to engage in a decisional process rather than a rote
(biased) response. If true, this highlights a limitation of our design, in the sense that
other approaches may allow wagers or other forms of judging one’s learning or
memory to not interfere or distract as much from the learning and remembering itself.
This will need to be investigated in future variations of this kind of task. Our data
only supported this possibility in Test Phase 1, where trials with forced wagers
overall were performed at a statistically significantly higher level, although this
reflected only a few percentage points of difference. This was not a difference seen
in Test Phase 2 or Test Phase 3, so the present results are ambiguous as to this issue.
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At present, we conclude that rhesus monkeys and capuchin monkeys do not
flexibly wager on how likely they will remember a stimulus (when judgments are
immediate) or how well they have remembered a stimulus (when judgments are
delayed). This is despite sufficient experience in how wagers work in terms of
payoffs and penalties, and with sufficiently difficult stimuli that pushed performance
to low levels compared to performance with much easier stimuli. We conclude that
this is a metacognitive limitation of these species, at least in this type of task, and one
that might reflect cognitive overloading of memory and decisional processes in the
general cognition of these species. However, that conclusion requires additional
testing using other types of wagers or judgments of learning and memory to ensure
the present results are not an artefact of our design.
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Appendix

These were the difficult images used in Phase 3. Each of the first images in the leftmost
column was randomly generated and then 14 additional, perceptually related images were
generated from that prototype (the other 14 images in each row). Monkeys could not know
before they wagered whether one, two, or three foil (incorrect) choices would be variations of
the sample image or other red shapes, as this was randomly determined on each trial, the
design of these stimuli ensured that this was a task with much higher difficulty than the trials
with clip art images.
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