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Figure 1. Puzzle apparatus used for manipulations. Arrows in (a) indicate the direction the three
levers lifted in order for the food reward to pass down the tube, traveling from the top right in the
picture to the bottom left, where the reward would fall into the retrieval tray (b) and be collected

(see text for detail). (c) depicts how the tray opened in the "trap-door” sessions.

2.3 Positive/Negative Experience Manipulation

2.3.1 Training

Subjects were presented with the puzzle apparatus for training/familiarization sessions
before testing. Each session consisted of 10 trials. Trials began when the tube was baited with the
food reward, and the subjects had one minute to retrieve it. If the subject was unable to complete
the trial within the allotted time, the experimenter lifted each lever herself, allowing the subject
to watch the reward fall into the retrieval tray. Subjects were then allowed access to the reward,
and incurred a 15 second time out before the next trial. Subjects passed the training phase when
they successfully retrieved the reward (without the experimenter’s assistance) on at least eight
out of 10 trials on two consecutive sessions. All subjects successfully passed training within

three sessions.
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2.3.2 Positive Experience

To create an experience that I anticipated being pleasurable for the monkeys, subjects
were presented with the familiar puzzle apparatus. Subjects completed six consecutive trials with
positive reinforcement in the form of a food reward. Consistently receiving a desired food
reward with minimal effort was assumed to be a positive experience. It has also been
demonstrated that object manipulation tasks are mentally enriching to primates (Celli,
Tomonaga, Udono, Teramoto, & Nagano, 2003), so this was predicted to further influence the

positivity of the experience.

2.3.3 Negative Experience

To generate a negative experience, the subjects were presented with the same puzzle task,
but successful completion of the task (and subsequent access to the food reward) was impossible
on some trials. Subjects completed 10 consecutive trials during each negative experience session.
During four of those trials however, the food reward was unobtainable, a presumably frustrating
experience for the subjects. As subjects were unable to acquire the reward in 4/10 trials, the
negative sessions resulted in a total of six actual food rewards, the same as in the positive
condition, to control for satiation. The impossible trials occurred in a pseudo-randomized order
within the 10-trial sessions, with no more than two impossible trials in a row.

There were two different types of impossible trials: jammed-lever trials and trap-door
trials. During jammed-lever trials, the apparatus was experimentally manipulated by turning a
screw (see Figure 1) so that the third and final lever was prevented from lifting high enough to
allow the food reward to pass underneath. Trials lasted 30 seconds, after which the lever was un-
jammed and the food reward was removed by the experimenter, which was followed by a 10

second ITI before the next trial. In trap-door trials, a latch in the bottom of the retrieval tray was
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unhooked, so that after successful lifting of the third lever, the food reward would fall through
the retrieval tray to the floor, where it was unreachable (Figure 1c). During both types of
negative affect sessions, before every trial the experimenter would manipulate the screw
(jammed-lever) or the retrieval tray latch (trap-door) so that subjects were not cued to when an
impossible trial was set to occur. I cannot be certain the subjects were completely unaware of
which trials were the “bad” ones, however the fact that in every case all subjects attempted to
solve each trial (impossible or not) indicates they likely were naive to the condition. The two
different types of negative experience (trap-door and jammed-lever) were included to ensure the
generation of a negative experience in case one method may have been more effective than
another, but there were no prior predictions on which would be more successful. Subsequent
analysis revealed no differences between the two types of negative experiences on performance,
so all further analyses grouped the two manipulations into a single negative experience

condition.

2.4 Cognitive Task (Delayed Match-to-Sample)

The current study used a delayed match-to-sample (DMTS) task to assess working
memory in the capuchin monkeys. The DMTS was presented to the subjects using the Language
Research Center’s (LRC) Computerized Test System. The computerized testing occurred in the
subject’s same individual test box as the experience manipulations occurred, immediately
following the manipulation (except in the control condition, in which subjects began
immediately after they separated into the individual box). Each subject had a personal computer
with a 17-inch monitor, a joystick that moves a cursor on the screen, and a pellet dispenser that
distributed small 45-mg banana flavored pellets to the subjects as rewards for a correct response.

Personal computers were stationed approximately 30 cm in front of a Plexiglas window on the
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individual test box, with their personal joystick placed in the box with them. Subjects at the LRC
have had years of experience testing, and are therefore extremely familiar with the computerized
system. They also had extensive prior experience with the DMTS task (Beran et al., 2008; Beran,
Evans, Klein, & Einstein, 2012; Beran & Smith, 2011; Evans, Beran, Chan, Klein, & Menzel,
2008).

Subjects were tested on a DMTS for 30 minutes, during which they could do as many or
as few trials as they chose. At the onset of a trial, an image would appear centered near the top of
the subject’s screen, along with their cursor in the center. Subjects could move their cursor up
towards the image, and upon contact with the border of the image, the picture would disappear.
This would then be followed by a delay of 1, 2, 3 or 5 seconds (randomized order for five trials
of each time delay presented within 20 trial blocks). After the delay, the target image and another
picture would simultaneously appear, randomized between the right and left sides of the screen
(Figure 2). If the subject moved the cursor to the image that matched the original sample, they
would hear a familiar chime indicating a correct response and receive a small banana flavored
pellet. This would be followed by a 2-second ITI before the next trial would begin. If the
subjects moved their cursor over the incorrect image, they would hear a buzzer indicating an
incorrect response and receive no reward and a 5-second timeout before the next trial. Regardless
of accuracy, after every 20 trials there was a 1-minute time out to force brief periods throughout
the task where behavior could be observed that was not specifically directed at the task.

My delay periods (1, 2, 3 and 5 seconds) were chosen based on a previous study with
capuchin monkeys that indicated that 3-second delays affect both subject response time and
accuracy as compared to shorter time delays (Truppa, De Simone, Piano Mortari, & De Lillo,

2014). The 5-second delay was also included to see if there were any effects of the experiences
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on a more challenging task, without increasing the duration so much so that performance sharply
decreased (as is evidenced after 8-second delays; Tavares & Tomaz, 2002). Results indicated
that performance on 1 and 2-second delay trials did not differ from one another, but performance
was impaired by 3-second delays, and further compromised by 5-second delays. There was not
an interaction between delay and condition on their impact on performance, so for all subsequent

analyses data from all delays were combined to provide maximum power to the overall analysis.

a. Original Novel

(6]

W

b. Familiar Stimuli

c. Novel Probe/Testing

Figure 2. Example of the DMTS task screen with sample stimuli. Examples of the original novel stimuli

used (a), familiar stimuli used in training (b), and the novel stimuli used for testing (c).
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Subjects were not originally expected to require training, as all the monkeys had passed a
computer training battery program that included a DMTS before the onset of the study. However,
for some subjects, it had been some time since they had experienced a DMTS, so to verify that
they all still met criterion, subjects were presented with the DMTS using novel stimuli. An
analysis of the data from the subjects’ first three sessions revealed that the subjects were
performing below 80% accuracy (the criterion set for performance), so testing was immediately

stopped and the subjects were placed on training.

2.4.1 Training

Training used the same computerized testing setup described above. The task was the
exact same as described, with the four different time delays in 20 trial blocks, followed by a 1-
minute timeout. The only difference in the task between training and the original testing attempt
was the stimuli. In the original testing sessions, I introduced novel stimuli that were fairly
complex, and may have been too difficult for the subjects to differentiate (Figure 2a). During
training I used familiar clip-art stimuli that the subjects had seen before during their computer
training (Figure 2b). Subjects also experienced 1-hour training sessions (no more than once
daily) instead of 30-minute testing sessions. Subjects reached training criterion once they
demonstrated 80% or better accuracy during two consecutive sessions. They were then placed on
1-2 Probe sessions, where subjects again experienced a 1-hour session, however the task used
novel stimuli. Instead of the complicated novel stimuli used in the original testing, for Probe
trials I used a bank of 238 images from the Bank of Standardized Stimuli (BOSS), a large
normative photo database (Brodeur, Guérard, & Bouras, 2014). If subjects successfully

maintained 80% or higher accuracy on the first or second Probe session (all subjects did), then
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they passed to the testing phase. Overall, it took the subjects an average of 11 sessions to reach

the training criterion.

2.4.2 Testing
Testing followed the exact same procedure as training, but I used a bank of 450 different

BOSS photos than were used during the Probe sessions.

2.5 Behavioral Analysis

Each session was video-recorded. Behavior was coded for the entire 30 minutes during
which the subjects were on the DMTS task. All anticipated behaviors were compiled into an
ethogram, and any novel behaviors observed during coding were added to the ethogram. No new
behaviors were observed after one session of each subject was coded. The final ethogram
included a total of 22 behaviors (see Appendix A). All behavior was recorded because, while
there are some behaviors known to be associated with stress/anxiety, there are currently no
behaviors in the literature that are behavioral indicators of a positive affective state, and so I was
unable to make predictions about which behaviors would be relevant. Therefore, the purpose of
this component was to identify relevant behavior(s) for use in future work.

Of the 22 behaviors recorded, I eliminated four that were observed in fewer than 10 of
the subjects. One behavior, water drinking, was also eliminated because it was deemed irrelevant
to the manipulation, as thirst is a state behavior unlikely to be affected by experiential changes.
Joystick touching was eliminated because it was presumably correlated with trial number, and
was additionally difficult to reliably code. Likewise, vocalizations could not be reliably coded or
differentiated without specialized recording equipment. Finally, in two cases several behaviors
were combined because there were strong theoretical grounds to do so (this also increased

power). ‘Licking the cage’, ‘picking at the cage’, and ‘wiping the cage’ were all grouped
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together into ‘cage-directed behaviors’. ‘Pacing’, ‘head-twirling’, and ‘rub hands’ behaviors
were grouped together into a ‘stereotypic behavior’ category, as these are all stereotypical,
functionless and repetitive behaviors often manifest in captive primate populations (Garner,
2005; Garner et al., 2003; Pomerantz et al., 2012). The stereotypic behaviors alone would have
each been eliminated from analysis based on the criterion that at least 10 subjects display the
behavior, but as a category this involved 10 or more individuals. Therefore, for the ultimate

analysis I looked at nine individual behaviors and two behavioral categories.

2.6 Data Analysis

All statistical analyses were run in R version 3.23 (R Core Team, 2015). Model analyses
were conducted using the /me4 package (Bates, Maechler, Bolker, & Walker, 2015). All model
comparisons were compared using the Akaike information criterion (AIC) to determine the best-
fit models. P-values were determined via likelihood ratio tests comparing the full model with the
fixed effects against a null model with just the random effects. Behaviors were measured as
counts of every occurrence of the behavior (or behavioral category) of interest within a session.
Sessions were divided up by time into three sections; 0-10 minutes, 10-20 minutes and 20-30
minutes to examine any possible effects of time within a session. Accuracy was measured as the
proportion of correct responses to the total number of trials completed. Visual inspection of
residual plots did not reveal any obvious deviations from homoscedasticity or normality.

First, to initially determine if condition influenced overall levels of participation in the
DMTS task, I ran a Generalized Linear Mixed Model (GLMM) with trial number as the
dependent variable (DV). I included condition (control, positive and negative) and time as fixed
effects, and Subject ID as a random effect. I compared the full model to the null model (which

included only the random effect) using a likelihood ratio test.
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Second, to assess whether behaviors differed across the conditions, I ran a series of
GLMMs with Poisson distributions for each behavior. I constructed separate models with counts
of each behavior (or behavioral category) as the DVs, condition as a fixed effect, and Subject ID
entered as a random effect. Analysis excluded 3 cases with missing data.

Third, I examined the effects of both condition and behavior on accuracy. To assess
whether condition and time influenced accuracy, I constructed a model comparison analysis
comparing 4 Linear Mixed Models (LMM) with accuracy as the DV; two models with each
condition or time as fixed effects alone, a combined model with both factors, and a model with
an interaction effect. All controlled for Subject ID as a random effect.

To determine whether the behaviors influenced by condition were also influencing
DMTS task performance, I ran a series of LMMs with accuracy as the DV, each behavior as a
fixed effect, and Subject ID as a random effect. The behaviors that significantly predicted
accuracy were then further analyzed with another series of LMMs, comparing three models for
each behavior’s effects on accuracy (DV); a model that included just the behavior, one with both
the behavior and condition as fixed effects, and one model with an interaction effect (all with
Subject ID as a random effect).

Finally, to determine the overall best model for predicting cognitive performance, a
model comparison was conducted comparing models including each of the fixed effects
(condition, time and the behaviors that significantly influenced performance) with and without

each other, as well as models with any significant interactions.
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3 RESULTS

3.1 Behavior

The best-fit model for predicting trial number included both condition and time as fixed
effects. Model comparisons revealed that a model including both factors better-explained trial
number than models with either factor alone or a null model, but there was no interaction effect
between condition and time (Table 1). On average, subjects performed 32.8 (+ 0.70) trials in the
positive condition, significantly less than the number of trials performed in the negative
condition (34.1 + 0.73 trials; b =-0.05, z = -3.38, p = .002) or in the control (34.5 + 0.69 trials;
=-0.07,z=-4.72, p <.001; Figure 3). Regardless of condition, subjects completed the most
trials during the first 10 minutes of sessions (36.9 + 0.54), significantly fewer during the middle
third of the session (34.2 = (.72 trials; p =-0.08, z=-5.33, p <.001), and the fewest number of

trials during the last 10 minutes (31.3 + 0.80 trials; f =-0.09, z=-5.98, p <.001).

Table 1. Comparison of the models used to predict Trial Number

Model df AIC ¥ p
Null 7569.9
Condition Only 2 7550.2 23.63 <.001
Time Only 2 7445.9 127.97 <.001
Condition + Time 2 7426.3 23.63 <.001
Condition * Time < 7426.1 8.12 0.087
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Figure 3. The effects of Condition and Time on the number of trials subjects completed. Error bars

reflect 1 + SE.

I found that of the 11 behaviors analyzed, 7 significantly differed between conditions (see
Figure 4; Scratching; y*(2)= 12.63, p = .002, Self-licking; x*(2)= 15.17, p < .001, Threatening;
Y(2)=18.98, p < .001, Self-touching; ¥*(2)= 12.90, p = .002, Playing with pellet; y*(2)= 23.83, p
<.001, Cage-directed behavior; y*(2)= 82.62, p < .001, Stereotypic behavior; y*(2)= 161.95, p <
.001).

Specifically, I found that compared to the control condition, in both the positive and
negative conditions there was significantly more stereotypic behavior (Figure 4a; negative: =
0.26, z=8.66, p < .001; positive: f =0.36, z=12.37, p <.001), and self-touching (Figure 4e.;
negative: B = 0.26, z=3.50, p = .001; positive: B = 0.18, z=2.49, p = .034), and significantly
less cage-directed behaviors (Figure 4c.; negative: f =-0.19, z=-6.51, p <.001; positive: f = -
0.26, z=-8.65, p <.001) and playing with the pellet (Figure 4d.; negative: B =-0.14,z=-3.32,p

<.001; positive: f =-0.20, z=-4.73, p <.001).
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Compared to the negative condition, in both the positive and control conditions there was
significantly less scratching (Figure 4b.; positive: f =-0.08, z = -3.04, p = .007; control: § = -
0.09, z=-3.10, p = .005) and threatening behavior (Figure 4f.; positive: § =-0.51,z=-2.55,p =
.028; control: f =-0.97, z=-4.14, p <.001). There was also more stereotypic behavior in the
positive condition than the negative (Figure 4a.; p = 0.10, z = 3.69, p <.001), and /ess in the
control (B =-0.26, z=-8.66, p <.001)

The only behavior significantly different in just the positive condition was self-licking
behavior (Figure 4g.), of which there was significantly more in the positive condition than either

the negative condition (p =0.17, z = 3.28, p = .003) or the control (§ =0.18, z=3.42, p =.002).
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conditions. Error bars reflect + 1 SE. “** p <.05, “**’ p < .01, “***’ p <.001. Note: Graphs depict mean

aggregated summary results and do not control for subject differences, while the p values come from

GLMM’s that control for Subject ID as a random effect. Note: Y-axis change between graphs a-d (ymax

=50) and e-g (ymax = 10).
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3.2 Cognitive Performance

Overall, subjects performed quite well on the DMTS task, with a composite average of
83.4% (% 0.40) correct. This was as expected, since the criterion to participate in the study was
80% or greater accuracy. There was a significant effect of condition on DMTS task performance
(*(2)= 12.43, p = .002), with higher performance in the positive condition (84.1 + 0.64%, B =
0.02,t=2.96, p =.003) and control (84.5 + 0.67%, B = 0.03, t =3.09, p = .004) compared to the
negative condition (81.5 + 0.75%). There was no significant difference in performance between
the positive condition and the control, and there was no significant effect of time on accuracy or

an interaction between time and condition (Figure 5).
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Figure 5. The effects of Condition and Time on subject Accuracy (as measured by the proportion of

correct trials to the total number of trials completed). Error bars reflect + 1 SE.

Of the seven behaviors significantly affected by the experimental manipulation, three also
significantly affected performance on the DMTS task. Higher rates of playing with the pellet (3

=.001, t=3.66, p = .003, see Figure 6b) and self-licking behavior (f = 0.002, t = 3.84, p <.001,



36

see Figure 6c¢) related to higher levels of accuracy on the task. Contrasting this, increased rates of
scratching correlated with decreased performance on the DMTS task (B =-0.001, t =-2.60, p =
.010, see Figure 6a). Increased rates of stereotypic behavior also related to decreased

performance, however the effect was not statistically significant (p = .055).

Accuracy

& Negative & Negative
04 b= Control

e

8

Scratching Playing With Pellet

c.

Accuracy

-® Negative

== Control

*+ Positive

" Self-Licking

Figure 6. The effects of scratching (a), playing with pellets (b) and self-licking (c¢) on Accuracy (as

measured by the proportion of correct trials to the total number of trials completed)

Since both behavior and condition significantly affected cognitive performance, model
comparisons were run to determine whether condition and the behavior were independently
impacting performance, or whether there was an interaction. While each model predicting
accuracy with behavior alone as a factor was significantly better than a null model, and every
model was improved by the addition of condition as a fixed effect, none of the models showed a

significant interaction (Table 2).
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Table 2. Comparison of the models predicting Accuracy on the DMTS task

Model df AIC 12 p
Null 3 -740.53
Scratch Only 4 -745.19 6.66 010
Scratch + Condition 6 -752.36 11.16 004
Scratch * Condition 8 -748.40 0.04 981
Play w/ Pellet Only 4 -751.58 13.05 <.001
Play w/Pellet + 6 -759.57 11.99 002
Condition
Play w/Pellet * 8 -755.94 0.37 .832
Condition
Self-Licking Only 4 -752.90 1437 <.001

Self-Licking + Condition 6  -761.27 12.27 .002
Self-Licking * Condition & -761.01 3.74 153

Full Model
Null -1417.4
Condition Only 2 -1427.9 14.56 <.001
Condition + Scratch + 2 -1465.5 43.53 <.001

Play w/Pellet + Self-Lick

Condition + Scratch +
Play w/Pellet + Self-Lick
+ Time

(]

-1462.1 0.65 724

The overall best-fit model for predicting accuracy on the DMTS task included scratching,
self-licking, playing with the pellet, and condition as fixed effects, with Subject ID as a random
effect. Adding time to the model did not improve the fit. In this final model, performance was
significantly higher in both the positive and the control conditions compared to the negative

condition, increased rates of playing with the pellet and self-licking behavior related to better
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performance, and increased scratching was related to a decrease in performance. Estimates (J3)
and p-values for all of the fixed effects in the final model can be found in Table 3. Overall, the
final model reveals that while condition alone significantly predicts accuracy better than the null
model, adding behaviors into the model as predictive factors provides a significantly better
model for predicting accuracy than condition alone. Therefore, behavior can help explain

variance in accuracy beyond what just the conditions explain.

Table 3. Fixed effects values for the full model predicting Accuracy on the DMTS (including scratching,

self-licking, play with pellet behavior, and condition with subject ID and session as random effects)

Fixed Effect Estimate (B) Std. Error df t-value p
(Intercept) 8.07 x 10! 1.78 x 102 24.6 45.36 <.001
Control 2.59x 102 8.00x 10 769.3 3.24 .001
Positive 2.04x 102 8.05 x 102 770.0 2.54 011
Scratch -1.47x 102 5.84x 10+ 782.4 -2.51 012
Play w/Pellet 3.70x 107 9.73 x 10+ 773.8 3.80 <.001

Self-Lick 4,06 x 10 1.18 x 10 717.8 345 <.001



