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Abstract — Social comparisons are a fundamental feature of human thinking and affect self-evaluations and task
performance. Little is known about the evolutionary origins of social comparison processes, however. Previous studies
that investigated performance-based social comparisons in nonhuman primates yielded mixed results. We report three
experiments that aimed (a) to explore how the task type may contribute to performance in monkeys, and (b) how a
competitive set-up affects monkeys compared to humans. In a co-action touchscreen task, monkeys were neither
influenced by nor interested in the performance of the partner. This may indicate that the experimental set-up was not
sufficiently relevant to trigger social comparisons. In a novel co-action foraging task, monkeys increased their feeding
speed in competitive and co-active conditions, but not in relation to the degree of competition. In an analogue of the
foraging task, human participants were affected by partner performance and experimental context, indicating that the
task is suitable to elicit social comparisons in humans. Our studies indicate that specifics of task and experimental
setting are relevant to draw the monkeys’ attention to a co-actor and that, in line with previous research, a competitive
element was crucial. We highlight the need to explore what constitutes “relevant” social comparison situations for
monkeys as well as nonhuman animals in general, and point out factors that we think are crucial in this respect (e.g.,
task type, physical closeness, and the species’ ecology). We discuss that early forms of social comparisons evolved in
purely competitive environments with increasing social tolerance and cooperative motivations allowing for more fine-
grained processing of social information. Competition driven effects on task performance might constitute the
foundation for the more elaborate social comparison processes found in humans, which may involve context-
dependent information processing and metacognitive monitoring.
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Humans frequently compare themselves to others and such social comparisons affect how we feel,
perform or attend to a task (Festinger, 1954; Mussweiler, 2003; Tesser, 1988; Zajonc, 1965). Who and what
we compare to (i.e., the comparison standards) may be chosen deliberately or unconsciously, and a number
of factors appear to shape these comparison processes (Mussweiler, 2003; Tesser, 1988). For instance, when
presented with pictures of highly attractive or highly athletic comparison standards, subjects subsequently
rated themselves as less attractive or athletic than when they had seen unattractive or non-athletic
comparison standards (Brown et al., 1992; Mussweiler et al., 2004). Social comparisons can also influence
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task performance. For example, Seta (1982) presented almost identical tasks to pairs of participants who
sat across from one another and who could infer how their co-acting partner was performing from the
number and frequency of success tones. Crucially, the researchers manipulated after how many button
presses a success tone would appear which resulted in differing perceptions of how well the other participant
was performing. Following Festinger’s (1954) argumentation that social comparisons are oriented upwards
and most likely to occur for slightly better comparison standards, Seta predicted that subjects should
improve their performance when paired with a slightly better participant, but not when the participant was
extremely better, worse, or performing equally; these predictions were met.

In humans, social comparisons involve sophisticated cognitive processes that are tightly linked to
our self-concept and self-other distinctions (Mussweiler, 2003). But social comparisons are also important
for other animals. To evaluate how one fares in relation to others is important for intra-species competition,
for instance when assessing the resource holding potential of other males in the competition for females
(Clutton-Brock & Albon, 1979; Fischer et al., 2004; Kitchen et al., 2003) as well as in intergroup
competition, when the number of opponents needs to be compared to one’s own group size (McComb et
al., 1994; Wilson et al., 2001).

Little is known about the cognitive processes underlying self-other comparisons in nonhuman
species, though this information is crucial to understand the evolution of this important mechanism. Before
we continue, it is useful to distinguish between different types of comparison processes because the term
can be used in a variety of readings. Self-other comparisons may refer either to comparing the outcome of
a given action, e.g., when subjects receive different rewards for the same task (e.g., Broshan & De Waal,
2003), or the comparison of the effort needed to achieve a certain reward (Wascher & Bugnyar, 2013). The
comparison may also concern the actual task performance, whether someone else performs better or worse
in comparison to the self, and how this affects subject performance. In the following, we will focus on
performance-based comparisons, because we think it captures best what social comparison processes in
humans are about.

Schmitt and colleagues (2016) investigated performance-based comparison processes in nonhuman
primates. In their study, long-tailed macaques (Macaca fascicularis) performed a touch-screen based
picture discrimination task in the presence or absence of a conspecific social partner (i.e., the comparison
standard) in the adjacent cage. Partners were either close affiliates with strong social bonds to the subject
or non-affiliates. Subjects received acoustic information about the alleged performance of the co-actor, but
had no visual access to the partner’s performance. The study aimed to test predictions derived from research
in humans (Mussweiler et al., 2004), namely that subjects should (i) assimilate to moderate standards and
contrast away from extreme standards, and (ii) assimilate to socially close others and contrast away from
socially distant others. This should result in an interaction of direction and extremity as well as direction
and similarity (realized via bond strength category). These specific predicted interactions were not found
in the monkeys. There was an effect of relationship quality on accuracy performance in the social control
condition: subjects performed better in the presence of an affiliative partner who was not working at the
task than when a non-affiliative partner was present. For reaction time, Schmitt et al. (2016) found an
interaction of relationship quality and standard direction that affected the location of the upper quantiles:
Slow responses occurred more frequently when subjects were paired with a non-affiliate who was
performing worse than themselves. Based on these findings, Schmitt and colleagues discussed social
comparison effects might involve different processes in monkeys than in humans or might even be restricted
to humans. Dumas and colleagues (2017) challenged this idea. They assessed the role of task complexity
for the occurrence and direction of social comparison effects in Guinea baboons (Papio papio) and found
an interaction of similarity and comparison direction for the simple version of their task — a contextual
cuing task where subjects had to find a target among several distractor stimuli on a touchscreen. There were
some important differences in experimental design between the two studies pertaining to how comparison
standard information was provided and how similarity was defined. Dumas and colleagues categorized
individual pairings as “self better” or “other better” pairs, based on the difference of number of rewards that
the two individuals in a dyad had obtained independently in the month prior to collection of the test data.
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Instead of bond strength, as in Tesser et al. (1988) and Schmitt et al. (2016), they used sex composition to
gauge similarity. Choice of comparison standards, the way subjects learn about them, experimental task,
and study species are among the differences that make it difficult to compare the outcomes of the two
studies. For example, the task of Schmitt et al. might have been too demanding and bound all of the subjects’
attention preventing them to process comparison standard information, or Guinea baboons might be more
prone to engage in social comparisons due to their relatively relaxed social system as compared to long-
tailed macaques (see also General Discussion in this paper), or visual access to a co-actor during task
performance might be crucial to elicit performance-based social comparisons (this was not the case in
Schmitt et al., 2016).

Against the background of a growing interest among researchers of comparative cognition to study
animal’s behavior and performance in social interactive settings, it is necessary to carefully explore
similarities and differences of social perception of others and the social test situation in general to allow
appropriate interpretation of results. Our current experiments aimed at delineating some preconditions for
the study of social comparisons. A major motivation to publish this particular package of experiments is
that they constitute important steps on our endeavor to study social comparison processes in nonhuman
primates. The experiments build on each other historically rather than adhering to the standards of a
perfectly designed and balanced experimental plan. Yet, we believe they provide valuable insights for other
researchers who are interested in this or related topics, as it is equally relevant to learn what did not work
as it is to learn about successful paradigms. We report our attempts to study social comparisons in long-
tailed macaques with different paradigms, the problems we encountered, and the current picture that
emerged from it. We highlight the need to explore what constitutes “relevant” social comparison situations
for monkeys as well as nonhuman animals in general, and point out factors that we think are crucial in this
respect (e.g., task type, physical closeness, and the species’ ecology). Importantly, we cannot close our
paper with a clear result pattern but our take home message is rather that it would be premature to draw
strong conclusions regarding general presence or absence of human-like social comparison processes in
other animals.

In this paper, we addressed the question of task relevance in a series of experiments that explored
the effects of task type (touch screen task vs. manual foraging task) and co-action type (competitive vs. co-
active) in long-tailed macaques. Experiment 1 was similar to the two previously discussed papers regarding
task type (touch-screen based picture discrimination task) but for the first time allowed subjects to directly
observe the co-actors’ task performance, including which task they actually had to solve. We aimed to add
to the findings of Schmitt et al. (2016) by testing whether the comparison standard’s direction influences
task performance in macaques using a more visible presentation of comparison standard. We also wanted
to test whether they pay attention to the co-actor and thus perceive the standard manipulation at all. To this
end, we monitored looking and other behaviors of the monkeys during testing to assess how interested they
were in the co-acting partner.

The findings of Experiment 1 led to the question if the monkeys’ lack of attention to the partner
was a consequence of this particular task or if competition might be a crucial factor to elicit interest in a co-
acting partner. In Experiments 2a and 2b, we used a different paradigm to increase the potential relevance
of social partners and their performance for the monkeys. Feeding represents a highly relevant activity that
naturally draws the monkeys’ attention. We therefore designed a co-feeding situation in which subjects
either competed for the same food resource or co-fed next to a human partner from a different resource. We
also manipulated how well the human partner performed the task by presenting slow and fast foragers. In
Experiment 3, we presented an equivalent foraging task to a group of adult human participants.

If social comparison processes in long-tailed macaques mirror those of humans (Festinger, 1954;
Mussweiler, 2003; Seta, 1982; Tesser, 1988), the monkeys should adapt their behavior in response to a co-
actor’s performance if the setting is sufficiently transparent and relevant to elicit social comparisons. In
Experiment 1, this would result in increased accuracy and faster response latencies in the picture
discrimination task when the co-actor is performing better compared to when she is performing worse.
Experiments 2a and 2b did not test social comparison effects proper but aimed to delineate what constitutes
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sufficiently relevant contexts for the monkeys. A relevant context would result in the monkeys adjusting
their feeding behavior to a competitor’s or co-actor’s action speed. Alternatively, the monkeys’ behavior
might be purely driven by self-concern (i.e., they strive to maximize their reward outcome while ignoring
the details of partner performance). As we know from a previous study (Seta, 1982) that humans adjusted
their performance towards slightly better co-actors we predicted the same for our Experiment 3. We further
expected that they would increase performance when directly competing with a fast partner, but had no
clear predictions regarding the slow competitor condition.

Experiment 1

Extending previous findings on social comparisons in non-human subjects, we tested long-tailed
macaques (Macaca fascicularis) with the same picture categorization task used by Schmitt et al. (2016) and
a slightly modified procedure. We aimed at reducing cognitive demands of the co-action situation by
making partner performance directly visible to the subjects, thus reducing the inferential demands of this
task and potentially increasing the relevance of the comparison standard. Against the background that
Schmitt et al. (2016) did not find an effect of standard extremity and to keep the analysis simple, we only
manipulated direction but not extremity of the comparison standards. Monkeys were paired with a
conspecific partner who appeared to perform the same picture categorization task at another close-by touch
screen. We also included two control conditions without comparison standard information to test for the
effect of partner presence, since previous studies showed that the mere presence of conspecifics can
influence the performance of non-human primates (e.g., Huguet et al., 2014). If social comparison processes
in long-tailed macaques mirror those of humans, monkeys should assimilate their behavior in response to a
co-actor’s performance if the setting is sufficiently transparent and relevant to elicit social comparisons.
This would result in increased accuracy performance and faster response latencies in the picture
discrimination task when the co-actor is performing slightly better compared to when she is performing
slightly worse.

Method
Subijects
General Information Across Experiments 1 and 2

The subjects came from two study populations which were both housed at the German Primate
Center (see section ‘Compliance with ethical standards’ for more details). All monkeys participated
voluntarily in the experiments. They were not food or water deprived for testing and were fed their normal
diet of monkey chow, fruits and vegetables twice a day. Water was available ad libitum. The monkeys of
group 1 were housed in a group of ca. 35 individuals and had access to indoor and outdoor enclosures (49
m? and 141 m? respectively), which were equipped with various enrichment objects, wooden platforms, fire
hoses, and a water basin during the warm months. Testing took place in a designated testing area (2.60 m
x 2.25 m x1.25 m; height x width x depth), which could be subdivided into six experimental compartments;
the compartment was adjacent to the monkeys’ indoor enclosure. The group was used to behavioral testing
taking place on a regular basis, however some of the monkeys had never shown any interest in participating.
The actual pool of potential subjects ranged from around 12 to 18 individuals. The subjects of group 2 came
from a study population of 14 individuals which is divided in three smaller groups. The animals were housed
in three adjacent identically built and sized indoor enclosures (7.5 m?) with access to outdoor enclosures
(6.4 m?) for each group. Each enclosure was equipped with various enrichment objects, wooden platforms,
fire hoses and plastic boxes. Testing took place in two designated testing areas (each: height x width x
depth = 190 cm x 170 cm x 85 cm) adjacent to the inner enclosures which could be divided into 4 smaller
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rooms each (each: height x width x depth = 95 cm x 85 cm x 85 cm). During testing, they were separated
from the group but visual as well as acoustical contact remained.

Subjects in Experiment 1

Sixteen monkeys (all from group 1) participated in Experiment 1. One individual only participated
in the partner role. Of the remaining fifteen monkeys, one died and six did not participate regularly enough
to reach the training criterion in time. Thus, the final sample contained data of eight subjects (see
Supplementary Materials Table S1). Only two subjects did not have experience with touch-screens but
learned to use it quickly through the course of the training sessions. This experiment was only the second
experiment in which the monkeys worked on a touchscreen and where they worked in pairs (the first being
the experiment of Schmitt et al., 2016).

Setup and Procedure

The testing area was divided into separate compartments for the subject and the co-actor. In front
of each compartment, a folding table was attached, on which a laptop with touch-screen could be fixed
(Lenovo ldeaPad Flex 2-15 — 15.6" 1920x1080 Notebook with Full-HD 16:9 Multitouch LED IPS Display,
see Figure 1 and Supplementary Materials Figure S1). The table could be adjusted according to required
angle of the screen and the monkeys could reach through the cage bars to touch the screen. The monkeys
could see each other and the other’s screen from their respective compartment (i.e., they had full visual
access to each other’s behavior in the front part of the compartment, task performance and rewards being
given). Importantly, however, it was not possible to determine from the distance which of the two pictures
on the partner’s screen showed a man and which showed a woman. Stimuli were presented with the software
E-Prime (E-Studio, Version 2.0 Professional). An experimenter stood in front of the table and provided a
raisin when the monkey made a correct response.

Figure 1

Schematic View of the Test Setup of Study 1
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Note. Each monkey performed the picture discrimination task on a touchscreen mounted in roughly 45° horizontal angle in front
of each cage and were rewarded by an experimenter for correct responses, see also Figure S1 for pictures of the setup and the
visibility of the neighbor’s touchscreen.
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The general procedure was adapted from the study by Schmitt et al. (2016) and had a training phase
and a test phase. The training phase served to familiarize the monkeys with the new setup and the task. In
the first training phase, the monkeys learned to touch a circle or triangle (depending on reward category) in
a two-choice discrimination task. In the second training phase, they had to discriminate pictures of men and
women (see Supplementary Materials for more details of the training procedure). For both training and test
procedure, each session consisted of 20 trials, where trial refers to the presentation of a picture pair. Once
a monkey performed correct in >14 of 20 trials in two consecutive sessions, the test phase began. During
the training phase, the monkeys not only learned the task but also about visual feedback contingencies of
correct and incorrect choices, which they could later use to assess partner performance by aid of visual cues
(screen color, absence/presence of rewards).

A test session consisted of 20 two-choice discrimination trials, including ten familiar male/female
picture pairs (from the training stimuli pool) and ten novel pairs, which appeared in random order. While
the monkeys were always working alone during the training sessions, in the critical test conditions, they
were paired with a designated co-actor whose alleged performance was experimentally manipulated. Each
subject was tested in two experimental conditions (“high” and “low” standard conditions) and two control
conditions (“social” and “non-social” control). In the experimental conditions, they were working alongside
the co-actor, who was engaged in the same task on a second laptop in the adjacent test compartment. We
manipulated the co-actor’s performance (see below) resulting in 18 of 20 correct decisions in high standard
sessions and 10 of 20 correct decisions in low standard sessions. In the social control condition, the co-
actor was present but not working. In the non-social control condition, the co-actor was not present. All
subjects received two sessions of each condition (i.e., eight sessions in total). The first and last two sessions
consisted of the control conditions and in sessions 3-6 experimental conditions were presented, with half
of the subjects starting with high standard condition and the other half with the low standard condition.

We manipulated the alleged performance of the co-actor by assigning the experimenter’s keyboard
instead of the co-actor’s touch screen to be the valid input device. From her position in front of the cage the
experimenter had a good view on the co-actor and pressed the key when she saw the monkey touching a
stimulus. The experimenter produced correct and incorrect responses according to a randomized pre-
designed schedule and rewarded the co-actor for correct trials.

For the two experimental conditions, a test session consisted of two consecutive phases — standard
induction and co-action phase. First, the subject could watch the co-actor responding to 20 picture
discrimination trials, thereby getting the chance to gather information about her performance. Performance
level could be inferred by visual information of screen color (red after incorrect choice, white after correct
choice) and whether a food reward was provided. A keen subject could thus learn from observing the partner
during this stage that the partner received a reward almost all the time and saw a red screen only twice after
touching a picture (high standard condition) or that the partner received a reward in only half of the cases
and saw a red screen in the other half (low standard condition). Subsequently, subject and co-actor worked
side by side simultaneously. This co-action phase followed immediately after the standard induction and
two experimenters were involved, each of whom was attending to one monkey only. For the co-actor, the
performance was again manipulated according to the same schedule. We recorded number of correct
responses and latencies of touches from the subject. For the control conditions, no standard induction phase
was needed because only the subject was working. No laptop was present on the partner side in the control
conditions.

Coding and Analysis

Experiments were filmed from a central frontal perspective, allowing us to see subject and co-actor
simultaneously but not their task performance, which was logged automatically by the E-Prime program.
We coded the following behaviors from video, for each of the test phases:
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i.  Attention to co-actor’s performance (subject looks to co-actor, or interacts by lip-smacking, threats,
etc. with co-actor); this was only coded for high and low standard conditions

ii.  Attention away from co-actor/experimental setup (subject leaves the front area of the cage where
they can see the co-actor, or visibly engages in other activities like exploration of their cage or the
attached table or interacts with group members in the nearby indoor enclosure); for the co-action
phase this applied also to being distracted from their own task

Coding was done using Mangold Interact by a research assistant who was not involved in data
collection. A second coder who was blind to conditions and study rationale coded 25% of the videos.
Observer agreement was good (Pearson correlation coefficient r = .83) for interest in the co-actor and
moderate (r = .70) for attention away from co-actor.

Performance was assessed as the number of correct responses and touch latencies. E-Prime
registered and automatically logged the position and timing of touches on the screen. Latency to touch was
calculated from the time the stimulus appeared on the screen until it was touched and disappeared.

All analyses were performed with R statistical computing environment. To investigate what
influenced the probability of responding correctly, we used a Generalized Linear Mixed Model (GLMM;
Baayen, 2008) with binomial error structure and logit link function. The model was fitted using the function
glmer of the package Ime4 (Bates et al., 2016). We included condition as a fixed predictor of interest and
stimulus novelty and trial as fixed control predictors. We included random slopes of condition, stimulus
novelty and trial number within subject, but not the correlation parameters among random intercept and
random slopes terms (Barr, 2013; Schielzeth & Forstmeier, 2008). Trial number was z-transformed. We
compared this full model with a null model comprising only the control predictors (using likelihood ratio
tests with the ANOVA function). The effect of the predictors on response latency was assessed in a Linear
Mixed Model of the same model structure as specified for the accuracy response. The model was fitted
using the function Imer of the Ime4 package. We additionally analyzed response latencies for correct and
incorrect trials separately. Log-transformed latencies were used as response variable. The model structure
was the same as for the above analyses.

We additionally analyzed subjects’ behavior with a special focus on their interest in the partner and
her performance during standard induction phase. We assessed the subjects’ attention towards and attention
away from the partner as a function of the fixed predictors condition and trial, random effect subject and
random slopes of condition and trial within subject (using Imer function of the Ime4 package).

For all analyses in this paper, we assessed the assumption of normally distributed and homogenous
residuals by inspecting a qq plot and the residuals plotted against fitted values, checked model stability by
comparing the estimates from the model based on all data with those from models with the levels of the
random effects excluded one at a time, and checked for collinearity by determining the Variance Inflation
Factor (VIF, Field, 2005) for a linear model excluding the random effects. Unless reported otherwise in the
respective study, there were no obvious deviations from assumptions, no indications for model instability,
and no problematic issues with variance inflation. We provide conditional R? effect sizes for those full
models which were significantly different from their respective null models (using the function
r.squaredGLMM of the package MuMIn; Barton, 2017).

Results
Task Performance

In the test sessions, we were interested whether the monkeys’ performance would change as a
function of condition. Table 1 gives an overview of success rates and reaction times per condition. 1,278
observations of 8 individuals were included in this dataset. All comparisons of full and respective null
models revealed no significant differences, indicating that neither accuracy (#(3, 1,278) = 4.06, p = .256)
nor reaction times (46, 1,278) = 1.98, p = .921) changed as a function of condition. An additional
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explorative comparison of the full model with a reduced model comprising only trial number as control
predictor revealed no significant differences for both response measures, indicating that stimulus novelty
had no systematic influence on the monkeys’ performance (accuracy: #*(4, 1,278) = 6.26, p = .18, latency:
7(7,1,278) = 4.42, p = .73). We found the same pattern for correct and incorrect trials.

Table 1

Descriptive Statistics for Accuracy and Reaction Time by Condition in Experiment 1

- Proportion of correct Mean latencies (SD) in msec
Condition - -
responses (SD) Correct trials Incorrect trials
High standard .62 (.49) 1502 (943) 1338 (843)
Low standard .63 (.48) 1516 (856) 1409 (711)
Nonsacial control .69 (.46) 1543 (851) 1495 (905)
Social control .65 (.47) 1473 (874) 1681 (1507)

Behavioral Observations

Regarding the subjects’ behavior, we found that they only paid attention to the partner’s
performance on average a quarter of the duration of the standard induction phase (proportion of time spent
with attending to the partner on average in high standard condition: M = .25, range = .07 — .42; and low
standard condition: M = .24, range = .07 — .58). In contrast, they spent on average over two-thirds of the
time with other activities — classified as “attention away from the partner or setup” (proportion of time not
attending to the partner on average in high standard condition: M = .66, range = .45 — .88; and low standard
condition: M = .69, range = .36 — .86). The amount of time spent with each of the types of behaviors did
not differ between the experimental conditions, as evident from the full and null models being not
significantly different (attention to partner: *(1, 32) = 0.11, p =.738 and attention away from partner: 4(1,
32) =0.98, p = .320).

Discussion

In Experiment 1, we found that neither the number of correct responses nor the reaction time
differed as a function of condition in long-tailed macaques. The monkeys performed at equal levels when
working next to a better performing or a worse performing conspecific, when working in the presence of a
non-working conspecific in the adjacent cage, or when no partner was in the adjacent cage. We additionally
coded their attention to the co-actor and found that they only occasionally attended to the partner’s
performance. In contrast, they spent over two-thirds of the time on average with other activities—classified
as “attention away from the partner or setup.” The amount of time spent with each of the types of behaviors
did not differ between experimental conditions. It thus seems that our subjects were not particularly
interested in what the partner was doing and how well she performed. The monkeys’ looking patterns
resembled occasional looks rather than periods of intense long observation followed by a loss of interest
(most attention events were below 2 s duration). We are not saying that there was a complete lack of interest
in the other monkey; subjects have surely observed a few responses (including their conditional rewarding),
but their observations were not consistent enough to be able to distinguish between chance or above chance
performance of the partner. This lack of interest in the partner’s actions might indicate that the experimental
setup and task may have been too abstract and irrelevant to catch the monkeys’ attention and evoke interest
in a partner’s performance. Importantly, we aimed to make it very clear that no competition was to be
expected from the partner monkey (separate food sources, closed cage separation, and even two different
experimenters provided the food for the two monkeys). We chose this paradigm to mirror the non-
competitive nature of default social comparison paradigms in studies with humans. In the case of non-
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human primates, however, it might result in social comparison processes not being activated. Given that
long-tailed macaques live in a quite competitive environment (e.g., food and mate competition and strict
social dominance hierarchies) it is well possible that they only engage in social comparisons when the
consequences of a conspecific’s actions are directly relevant for their own outcome. Consequently, our
experimental paradigm might not have captured the relevant aspects to trigger social comparison processes
in the monkeys. We suspect that some level of competition might be needed to draw monkeys’ attention to
a partner’s actions in a co-action situation.

In Experiment 2a, we changed both task type and competitive nature of the context, as this seemed
the combination most likely to reveal if the monkeys care at all about a partner working with them in
parallel. If this is the case, more manipulations regarding competitiveness and partner performance levels
can be devised with this paradigm to have a closer look at those effects.

Experiment 2a

In Experiment 2a, we presented the monkeys with a competitive foraging task from a limited food
resource. Two human experimenters played the roles of a fast and a slow competitor, who would take food
items from the shared resource. While we are aware that conspecifics might make for more salient
comparison standards, we opted for human partners to allow manipulation of partner performance in this
straightforward task. Humans have been used as interaction partners in experiments on social cognition
before with results showing test subjects to be sensitive to the human’s behavior (for example, see findings
of third-party social evaluations in chimpanzees (Herrmann et al., 2013), capuchin monkeys (Anderson et
al., 2013); or findings of unwilling-unable discrimination in chimpanzees (Call et al., 2004), capuchin
monkeys (Phillips et al., 2009). We predicted two possible scenarios: first, the monkeys might increase
their feeding speed irrespective of a competitor’s actual foraging performance. This would be a first
indication that the task is sufficiently relevant for the monkeys to pay attention to a performing partner.
Second, the monkeys might adapt their feeding speed according to the speed at which the competitor
depletes the resource. This means that an increased feeding speed is not only the result of the competitive
situation but that they attend to the actual foraging performance of the competitor in more detail.

Method
Subjects

Eight monkeys from group 1 (six males, two females, see Supplementary Materials Table S3)
completed the study and only their data is included in the final dataset. One additional female lost interest
to participate after giving birth and we stopped testing with five additional monkeys due to time constraints
in the testing schedule after 5, 9, 10, 12 and 14 trials respectively because they did not participate regularly
enough.

Setup and Procedure

The setup consisted of a vertical feeding board (32.5 x 40.5 x 3.5 cm) with 36 compartments (6 x
6 arrangement), which was attached to the outside of the testing cage (Figure 2). The four upper rows of
the board were baited with small pieces of raisins, resulting in 24 food items that could be obtained in a
trial. The monkeys could reach through the mesh and take the food items with their hands. Depending on
condition, an experimenter stood next to the cage and either took food items from the board (competitive
conditions) or was merely present but did not take food.

During the initial familiarization, every subject could explore the feeding board on which some
food items were accessible. They also experienced that they could not reach food items when an opaque
plastic panel was inserted between the feeding board and the mesh. Once this occluder was lifted by the
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experimenter (E1) the monkeys could access and feed from the baited compartments. After the
familiarization, we proceeded to establish the baseline feeding rate. We used the first 30 test trials to assess
how quickly they ate the food items. Based on the average feeding speed of 1.3 s, the rate at which a slow
and a fast human competitor would take food items from the board in the competition conditions was set at
2 items/s for the fast and 0.25 items/s for the slow condition. The monkeys were then randomly assigned to
one of two orders of conditions, in which we tested the baseline, social control, slow competition and fast
competition conditions in alternating turns (see Supplementary Materials Table S4). Each individual
received five baseline/alone trials, three social control trials, six fast competition trials and six slow
competition trials. We presented two trials in a row during a test slot which resulted in a maximum of 4
trials per day (up to two slots per day were available). For all conditions, the main experimenter (E1) was
present and baited the board, moved the monkeys and lifted the occluder to give the monkeys access to the
food items. During the baseline trials, no other person was present. During social control conditions, one
of the two human partners (E2 or E3) was additionally present and stood next to the testing cage. Finally,
during the competition conditions, either E2 or E3 was present and started to feed from the board once E1
had lifted the occluder. Throughout the experiment, E2 played the role of the slow competitor (i.e., she took
a raisin every 4 s) and E3 was the fast competitor (i.e., she took a raisin every 0.5 s).

Figure 2

Experimental Setup of Experiment 2

A) B)

“'ér‘\ m’ﬁrn /]

Note. A) shows a picture of the baited feeding boards with closed occluder. B) is a bird-eye view schematic depiction of the setup
with positions of monkey and human partner. In Experiment 2a, only the frontal feeding board was in place.

Coding and Analysis

We coded when and by whom each food item was taken. SK coded all of the videos and a second
coder who was blind to the hypothesis of the study coded 25 % of the videos. Observer agreement was very
good (Pearson correlation coefficient r = .98).
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We calculated the latencies between taking consecutive raisins within each trial. In each trial, the
board was baited with 24 raisins, which resulted in a maximum of 24 retrieval events per trial and thus in a
maximum of 23 latencies between taking consecutive raisins per trial. The number of retrieval latencies
differed between trials in the competition condition, because the number of items taken by monkey and
human was different for every trial. We used log-transformed average trial latencies as outcome variable in
a Linear Mixed Model. The model was fitted using the function Imer of the package Ime4. We included
condition as a fixed predictor of interest and trial as fixed control predictor. We included random slopes of
condition and trial within subject, but not the correlation parameters among random intercept and random
slopes terms. Trial number was z-transformed. We compared this full model with a null model comprising
only the control predictors (using likelihood ratio tests with the ANOVA function) to determine if the data
is better explained by the latter. We provide conditional R? effect sizes for those full models which were
significantly different from their respective null models (using the function r.squaredGLMM of the package
MuMin (Barton, 2017)). We ran planned pairwise comparisons for different levels of the factor condition
(using the glht function of the package multcomp; Hothorn et al., 2008) when the model comparison
revealed a significant difference between full and null model.

Results

Figure 3 gives an overview of mean latencies to take the next item per condition. The monkeys
obtained on average 10.2 (range: 6 — 15 raisins) raisins in the fast competition condition and 19.5 (range:
15 — 22 raisins) raisins in the slow competition condition. The model comparison revealed the full model
to be significantly different from the null model (%*(3, 160) = 18.86, p < .001, conditional R? = 0.502). We
found a significant effect of condition (44(3, 160) = 18.87, p < .001). The negative coefficient of the trial
estimate indicates that response latencies decreased with increasing trial number (see Table 2 for summary
of the full model). Pairwise comparisons revealed no difference between social control condition and
baseline condition and no difference between high standard condition and low standard condition. But high
and low standard conditions were both different from social control and baseline condition, indicating that
the monkeys increased their feeding speed in response to a competing partner, (see confidence intervals for
pairwise comparisons in Supplementary Materials Table S5). Following Reviewer suggestions, we further
explored the effect of decreasing response latencies in Experiment 2a and 2b (see Supplementary Materials
for details on these analyses). Comparing baseline condition and social control condition across Experiment
2a corroborated the effect of decreased retrieval latencies. A comparison of latencies between last trials of
each condition found no difference between conditions.

Discussion

The monkeys fed faster in both competition conditions compared to when the partner was absent,
whereas feeding speed was similar in social control and baseline conditions. Thus, the co-feeding setup was
clearly a relevant context, in which the monkeys paid attention to a performing partner. Given that we did
not find a difference between fast and slow condition, we could only conclude that the monkeys’
performance was driven by a self-concern to maximize their own outcome. To this end, increasing one’s
feeding speed as much as possible whenever in a competitive situation (however, not when a partner is
merely passively present) is the most successful strategy. Retrieval latencies decreased across conditions
through the course of the experiment and seemed to align towards the end. We take this as a sign that the
monkeys experienced increasing uncertainty how E2 will behave next and preventively increased their
feeding speed irrespective of condition. To address the possibility that the competition factor was too
dominant and interfered with a potentially more differentiated sensibility for a partner’s actions, we
introduced a non-competitive co-action condition in addition to a competition condition, in Experiment 2b.
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Figure 3

Mean Latencies to Take the Next Food Item of Each Individual in Each Condition in Experiment 2a
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Note. In this and all other boxplots in this manuscript, horizontal lines represent the median (thick line) and 25" & 75™ percentiles;
Whiskers extend to smallest and largest value within 1.5 * interquartile range; colored points represent the average latency per
participant per condition.

Table 2

Experiment 2a: Results for Individual Predictors for Latency (Reference Category: Baseline)

Term Estimate SE Clzs Clors 7 df p value
Intercept 0.071 0.064 -0.049 0.193
High standard® -0.180 0.058 -0.303 -0.076 18.86 3 <.001
Low standard® -0.182 0.058 -0.298 -0.064
Social control® 0.074 0.078 -0.072 0.219
Trial -0.186 0.029 -0.242 -0.132

(@ Condition was dummy coded with baseline as the reference category. The indicated test refers to the overall effect of condition.
Experiment 2b

In Exp. 2b, our goal was to explore if the monkeys would react to a co-feeding partner in similar
ways as when a partner was in direct competition with them. The co-action condition was similar to
Experiment 1 with respect to the partner’s task being independent from the subject’s task. It was similar to
Experiment 2a, however, regarding the relevant nature of the task. Following the reasoning of Experiment
2a, if the monkeys adapt their feeding speed not only in the competition but also in the co-action condition,
it would be a first indication that their performance is driven by more than self-concern and that they might
be sensitive to the actual foraging performance of the partner.
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Method
Subjects

We expanded data collection in Experiment 2b to a new group of long-tailed macaques who had
not participated in Experiment 1 or 2a to increase our sample size and thus statistical power, and to include
naive monkeys who had not participated in this foraging task before. Eleven monkeys (6 males, 5 females)
of group 1 and ten monkeys of group 2 (all female) participated in Experiment 2b. Seven of the group 1
subjects had also participated in Experiment 2a with a 3-months break between the studies. Three subjects
of group 2 refused to participate regularly in the competition condition and their data were excluded from
statistical analysis.

Setup and Procedure

The setup consisted of a variation of the feeding board of Experiment 2a. A second identical board
was added perpendicular to the original one but out of reach for the monkeys (see Figures 2B and
Supplementary Materials Figure S3). Depending on condition, the human partner stood next to the cage
and either took food items from the frontal board (competitive condition), from the added left board (co-
action condition) or was merely present but did not take food (social control condition). The number of
raisins per trial was reduced to 20 per board, due to an additional panel that served as a barrier for the
monkeys to reach the partner’s raisins and which blocked some of the compartments that were formerly
baited.

Independent of their participation in Experiment 2a, all subjects received some familiarization
experience with the setup prior to the beginning of the study during which they experienced that they could
not reach food items on the left board (i.e., the “experimenter’s” board) or when an opaque plastic panel
was inserted between the feeding board and the mesh. After the familiarization, we proceeded to establish
the baseline feeding rate, which resulted in an average feeding rate of 1.05 raisins per s. Based on this
foraging speed, we chose a feeding rate of 2 raisins per s for the human partner, identical to the high standard
in Experiment 2a.

Each monkey was tested with all conditions (baseline, social control, co-action, and competition).
The conditions were presented block-wise this time and we counterbalanced the order of conditions across
subjects (for more details see Supplementary Materials Table S6). The procedure was identical to
Experiment 2a regarding the roles of the experimenters. In the new condition (co-action), E2 started to feed
from the left board (instead of the frontal board as during competition) once E1 had lifted the occluder. In
all conditions, both boards were baited to hold the total number of food items constant across conditions.
E2 left the area in front of the cage once all food items were gone on the frontal board (competition and
social control conditions) or left board (co-action condition).

A different counterbalance design was used for group 1 and group 2 individuals. The reason is that
we started this experiment with group 1 and had the impression that experiencing direct competition with
the human partner might have influenced the monkeys’ subsequent behavior. We opted for an ABA design
for group 2 to increase the number of trials during which individuals were naive to a direct competition
scenario. Responses are pooled for the main analysis but we also looked at naive trials separately.

Coding and Analysis

The same coding scheme was used as in Experiment 2a. The board was baited with 20 raisins in
Experiment 2b which resulted in a maximum of 19 retrieval latencies per trial. Importantly, for the co-
action condition, we had to account for the fact that the human partner fed faster than the monkeys and left
before the monkey had finished eating. Since we were interested in co-action effects, the presence of a
feeding partner is crucial and thus we only included the latencies of the first 10 raisins in our analysis (note
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that the human feeding rate was chosen to be roughly twice the baseline feeding rate of the monkeys, hence
this makes a good estimate of raisins consumed during partner presence). Each individual received three
baseline trials, six social control trials, and six competition trials; Group 1 individuals received six co-
action trials, and group 2 individuals received 12 co-action trials (6 trials before and 6 trials after the
competition trials, see differences in experimental design). We presented two trials in a row during a test
slot which resulted in a maximum of 4 trials per day (when morning and afternoon slots were available).
As in Experiment 2a, number of retrievals differed between trials in the competition condition, because the
number of items taken by monkey and human was different for every trial. The monkeys obtained on
average 7.5 raisins (range: 2 — 11 raisins) in the competition condition. RT coded all of the videos from
group 1 and LJ from group 2. A second coder who was blind to the hypothesis of the study coded 25% of
the videos of group 1. Reliability was assessed using Pearson correlation coefficient, which was 1.0 for the
timing (i.e., when a monkey took a food item). Data analysis approach was equivalent to Experiment 2a.

Results

Figure 4 gives an overview of mean latencies to take the next item per condition. The model
comparison revealed the full model to be significantly different from the null model (/%(3, 483) = 32.423,
p <.001, conditional R* = 0.544). We found a significant effect of condition (*(3, 483) = 32.193, p <.001,
see Table S7 for detailed summary of the full model). Pairwise comparisons revealed a significant
difference between competition and baseline as well as between co-action and baseline condition: In both
conditions, the monkeys increased their feeding speed compared to baseline (see confidence intervals for
pairwise comparisons in Supplementary Materials Table S8). To address the possibility that the increased
feeding speed in the co-action condition was merely a consequence of experienced direct competition, we
separately assessed the responses of only those events where a monkey had not yet experienced a competing
human partner. We found that response latencies of naive individuals were faster in the co-action condition
(M =0.82, SEM = 0.05) compared to baseline (M = 1.08, SEM = 0.05), indicating that the increased feeding
rate is not simply a consequence of a carry-over effect from experiencing a competing human partner.
Furthermore, experiencing a human competitor affected social control conditions similarly to what we saw
in Experiment 2a: Comparison of the first and second block of social control trials in group 2 showed that
the monkeys tended to feed faster in the second compared to the first block (see Supplementary Materials
for more details). Comparison of the first respective block of social control and co-action condition (i.e.,
before the monkeys experienced food loss by E2) showed that the monkeys fed faster in co-action compared
to social control trials (see Supplementary Materials for more details).

Discussion

In Experiment 2b, we aimed at exploring if the monkeys reacted differently when in direct
competition compared to a situation where a partner was merely feeding in proximity but not from the same
food source. We reasoned that if the monkeys adapted their feeding speed not only in the competition but
also in the co-action condition, this would be a first indication that their performance was driven by more
than “self-concern” (i.e., by more than a mere focus on their own food intake) and that they were sensitive
to the foraging performance of the partner. We found that the monkeys increased their feeding speed
compared to baseline when they were in direct competition with a human as well as when the human
performed the same feeding behavior on a different food board but not when the human partner was merely
present. There was no difference between co-action and competition condition. Also, naive individuals,
who had not yet experienced E2 as a food competitor, fed faster in the co-action condition than in the
baseline and social control condition. This might be explained by social facilitation whereby a dominant
response (here: retrieving the food items) is facilitated by the co-feeding situation (Zajonc, 1965). It would
be interesting to compare changes in feeding speed between a slow co-actor condition and a fast co-actor
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condition. If subjects increase their feeding speed similarly in both conditions, this would indicate social
facilitation rather than performance-dependent social comparison effects.

Figure 4

Mean Latencies to Take the Next Food Item for Each Individual in Each Condition in Experiment 2b
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It is also possible that the monkeys perceived E2 as a potential competitor because E2 had the
physical possibility to access the monkey’s raisins. We have reason to believe, however, that at least some
of the monkeys perceived the competitive condition differently from the co-action condition. Three
monkeys outright refused to compete directly with the experimenter, while they were fine to approach the
setup when E2 was feeding at the same distance but oriented towards the other feeding board.

The findings of Experiment 2b indicate that the monkeys’ attention in this manual feeding task was
drawn to a co-actor’s performance more than in the touch-screen task, they were not merely focused on
their own task performance and reward. We cannot conclude from Experiment 2b whether this is due to the
situation that the human partner had potential access to the monkeys’ food and was perceived as a
competitor as soon as she showed interest in obtaining raisins or due to the task itself. For example, task
difficulty has been shown to play a role in social comparisons in humans and baboons: Tesser (Tesser,
1988; Tesser et al., 1988) found a three-way interaction of social bond category, comparison direction and
task difficulty in humans and Dumas et al. (2017) found this interaction in baboons (with the interaction of
social bond and comparison direction being significant for the simple but not the complex task). Applied
to the current context, one could argue that collecting raisins from a board is a simple task and
discriminating artificial categories on a touchscreen is a more complex task and was perhaps not suitable
to elicit social comparisons. Unfortunately, we didn’t get the chance to further disentangle effects of
competition and task difficulty by running the touchscreen task of Experiment 1 in a slightly more
competitive setup, or by presenting slow versus fast co-actors in the co-feeding task. It would be interesting
to conduct these experiments with individuals who have no prior experience with the task and social
comparison setups.

In Experiment 3 we gave the same foraging task of Experiment 2 to adult human participants to
test if the paradigm is feasible at all to test for classic social comparison effects.

Experiment 3

Performance-based social comparisons affected task performance of humans in various
experimental settings (Allport, 1920; Seta, 1982; Tesser, 1988; Triplett, 1898; Whittemore, 1924; Zajonc,
1965). The goal of Experiment 3 in this paper was to provide a proof of concept for the foraging paradigm
in Experiment 2a+b (i.e., to test if it is suitable to elicit social comparison effects in human participants).
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We tested adult participants’ performance in competitive, co-active, and alone situations and we
manipulated the performance level of the partner.

Method
Subjects

Participants were recruited via leaflets in cafeterias and bulletin boards around campus at the
University of Gottingen and via a local online forum. They were invited to a quiet room at the German
Primate Center and participated in one experimental session of 40 min. Each participant received 10 EUR
as compensation for their time. The current experiment was one of two experiments conducted in the same
session as part of a MS thesis. The other task was conducted on computers and was about how participants
perceived interacting with another human or a computer program. We measured response time and touch
patterns of how participants touched stimuli on a touchscreen. Prior to the experiments, all participants
received a description of the two tasks. They were informed that they could quit the experiment anytime
without providing reasons. All gave their written consent to participate, gave permission to videotape the
procedure for purposes of data analysis, and consent to their anonymized data being used for scientific
purposes.

Our final sample comprised 87 participants (51 females, 36 males, mean age = 26.3 yrs, age range
= 19 to 51 yrs). Sixteen additional participants were tested in a pilot phase to determine feasibility of
different comparison standards and procedural details. Due to camera failure, we have no video footage of
some trials of 11 participants, and one participant received an additional trial. We have data of at least two
trials per condition for all but one participant.

Setup and Procedure

Task. The same type of plastic grid board was used as in the monkey studies (see Figure 5).
Participants’ task was to collect small wooden blocks (2 x 2 x 2 cm) from the board compartments instead
of food items. Depending on condition, either one board (alone and competition conditions) or two boards
(co-action condition) were placed on a table. Participants sat opposite of their partner (a confederate of the
experimenter) and had good view of both their own and the partner’s board.

Figure 5

Setup for Co-Action Condition in Experiment 3

Note. SA1 indicates location of participant; SA 2 indicates location of confederate.
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Half of the participants were assigned to the fast comparison standard group (20 male, 27 female)
and the other half to the slow comparison standard group (16 male, 24 female). They were paired with the
same (slow or a fast) partner during all experimental conditions.

Pilot phase. Prior to data collection, we ran a pilot phase to determine feasible comparison
standards (i.e., the speed at which the partner collected their blocks) and to fine tune experimental
procedures.

In a first step, four prospective confederates provided data to determine the maximum speed at
which a trained person can collect blocks from the board. Their performance stabilized at a rate of one block
per 0.7 s and this performance level was subsequently used as the fast comparison standard during the main
experiment.

The next step was to find a comparison standard that is perceived as different from the fast standard,
yet sufficiently realistic to not raise suspicion in future participants, who we wanted to perceive the
confederate as a real other participant. To this end, we asked seven pilot participants to provide feedback
regarding how they experienced the fast as well as two different slow retrieval rates (one block every 1 and
2 s) in competitive and co-active conditions. All participants indicated that they perceived the 2 s retrieval
speed as unrealistic. Retrieval speed of both 0.7 and 1 s between consecutive block retrievals were perceived
as realistic and different from each other. Based on this preliminary assessment, we used a retrieval speed
of 1 block per s as the slow comparison standard performance in the main experiment.

Finally, nine additional participants were tested in all three experimental conditions (alone,
competition, co-action) and confirmed these impressions. Their data is not included in the final analysis
because we made substantial changes in the experimental procedure (pertaining to rebaiting of grid boards
and number of trials per condition) after receiving their feedback. Our final sample consisted of 87
participants (40 in the slow condition and 47 in the fast condition), a number that resulted from practical
reasons of what was possible in the course of a semester project rather than considerations and of power
and effect size.

General procedure. Upon arrival, participants were greeted by the main experimenter at the
entrance of the building and were led to the experiment room where the confederate was already waiting.
Confederates (henceforth sometimes also referred to as the partner) were of the same gender as participants
and were introduced by the experimenter as another participant who had arrived earlier and had already
started with introduction and parts of the experiment. The latter information served as explanation later on
during the experiment as to why only the real participant was engaged in the alone condition when
confederate and experimenter left the room. The experimenter then explained task and general procedure
and obtained informed consent from the participant before the start of the experiment.

We presented participants with three conditions: alone, competition, and co-action. Each condition
comprised a block of three trials, where a trial is defined as presentation of a loaded grid board. A board
was loaded with 30 wooden blocks and we used the latencies between taking consecutive items (we did not
include the latency between ringing the start bell and taking the first item). As such, one trial resulted in up
to 29 reaction time data points depending on how many blocks a participant obtained in this particular trial.
The order of conditions was counterbalanced across participants.

Participants and confederates were told that their task was to retrieve wooden blocks from the grid
board and that some rules applied regarding how the blocks must be collected. They were only allowed to
use one hand (their preferred hand) and had to place the blocks on the table in front of them. They were
instructed to ring a bell on the table to indicate start and end of their item collection in each trial. They were
also told that sometimes they would work alone and sometimes with a partner. The experimenter emptied
the table and provided a new loaded board for each next trial. Depending on condition participant and
partner collected blocks from different boards or from the same board.

Alone. During this condition experimenter and confederate both left the room. Participants were
instructed to begin their trial only after the experimenter had left the room.

Competition. Participant and partner were told that they would be working on the same board.
They were seated facing each other at a table with the grid board between them, such that the blocks could
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be retrieved from either side. The experimenter retreated to the back of the room during this condition and
gave the start sign upon which the participants could start the trial by ringing their bells simultaneously.
Only the person who obtained the last block was asked to ring their bell. Both counted their blocks and the
experimenter “rewarded” the one who had the most blocks with a token. Ultimately, there was no extra
reward for these tokens, they functioned as markers that a round was won with the goal to enhance
motivation in this competitive scenario.

Co-action. Participant and partner were told that they would be working alongside each other on
two separate boards. They were seated facing each other but slightly shifted to the side at a table and each
had their own board in front of them. The experimenter retreated to the back of the room during this
condition and gave the start sign upon which the participants could start the trial by ringing their bells
simultaneously.

Manipulation Check. After participants had finished the tasks, they answered a number of
questions about the experiment. To check if the standard manipulation worked, we included questions about
how they perceived the performance of the confederate in comparison to their own performance. All
participants who were paired with a slow comparison standard reported they thought they were faster
compared to the partner. 41 of 52 participants who were paired with a fast comparison standard answered
they thought they were slower compared to partner, 9 estimated they were equally fast, 2 estimated they
were faster (this includes the 9 beta phase participants). This indicates that our manipulation has worked
and standards were perceived as intended.

Coding and Analysis

Coding was similar to the monkey studies. The measure of interest was participants’ speed of item
retrieval from the grid board and we assessed latencies between taking consecutive blocks within each trial.
FA coded all of the videos and a second coder who was naive to conditions coded 21% of the videos.
Reliability was assessed using Pearson correlation coefficient, which resulted in very good coder agreement
of .99. To investigate the influence of comparison standard on the participants’ reaction time, we built a
Linear Mixed Model comprising comparison standard, action context (co-action or competition), and their
interaction as predictors of interest and trial as a fixed control predictor. We included random slopes of trial
and standard condition within subjects. We compared this model with a null model comprising the
predictors comparison standard and trial. By keeping comparison standard as a predictor in the null model,
we can conclude two things in case the model comparison reveals a difference: first, that the effect of
condition is significant; second, that a significant interaction indicates that latencies in the different
conditions are affected differently for the two comparison standard groups.

Results

Figure 6 shows the average response latencies. The model comparison revealed the full model to
be significantly different from the null model (*(4, 768) = 90.779, p < .001, conditional R* = 0.933) thus
showing that comparison standard has an effect on participants’ performance. The interaction of standard
condition and action context was significant (4*(2, 768) = 73.002, p < .001), indicating that latencies in the
different conditions were affected differently. Also, the effect of trial was significant (¥*(1, N) = 48.341, p
< .001) with estimates decreasing with increasing trial number (see Table 3 for results of the full model).

We found that participants’ responses in the alone condition differed between fast and slow group.
Therefore, we additionally checked if this was a general difference between the two groups or a
consequence of prior experience with the different comparison standards. There was no difference between
the groups when participants saw the alone condition first (Msew = 0.890 S, Mt = 0.850 s). In contrast,
when participants had performed in the respective co-action or competition context before the alone
condition, the groups differed significantly (Welch two-sample t-test: t = 12.159, df = 118.32, p < .001)
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with slower reaction times in the slow standard compared to the fast standard group (Msiow = 0.934 S, Mast
= 0.657 s).

Figure 6

Response Latencies as a Function of Standard Condition and Action Context for Experiment 3
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Table 3

Experiment 3: Results of Full Model for Individual Predictors For Latency (Reference Category: Slow Group Alone Condition)

Term Estimate SE Clzs Clgrs 7 df p value
Intercept -0.103 0.023 -0.150 -0.060 ! !
Context Co-action 0.045 0.013 0.018 0.007 ! 1
Context Competition 0.039 0.018 0.002 0.077 ! !
Standard fast -0.191 0.032 -0.247 -0.128 1 !
Trial -0.049 0.006 -0.060 -0.037 48.341 1 <.001
Co-action x fast? -0.166 0.018 -0.206 -0.128 73.002 2 <.001
Competition x fast? -0.154 0.025 -0.211 -0.104

! not shown because of limited interpretation
2 the indicated test was obtained from a likelihood ratio test comparing the full model with a model not comprising the interaction
term

Discussion

In Experiment 3 we gave human participants an item-retrieval task and assessed the effect of
competition, co-actor presence and co-actor performance level on participants’ task performance.
Participants performed slower when paired with a slow partner than when paired with a fast partner. This
effect also carried over to the non-social control condition, where participants in the slow condition
performed slower than participants in the fast condition. These results are in accordance with previous
findings showing an increase in task performance when participants were paired with a slightly better
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performing co-actor (Seta, 1982). It is less clear whether our results also replicate Seta’s finding that
participants’ performance did not decrease when they were paired with a worse performing co-actor. Our
alone condition was originally meant to represent a neutral control condition against which the social
comparison conditions could have been compared. Since participants’ performance in this condition was
affected by their comparison standard assignment, we cannot conclude whether the general response pattern
shows an assimilation towards a slow or fast comparison standard or both. On the one hand, a look at
condition means indicates that assimilation towards the comparison standard was stronger in the fast
condition than in the slow condition. On the other hand, several participants reported that they clearly
noticed the slow performance of their partner, that they were slightly puzzled by it and deliberately slowed
down their own actions. Consequently, we cannot unequivocally conclude whether our findings differ from
these previous findings with regards to the role of a slow comparison standard. But we noticed some
differences in methodologies that we think are important and warrant attention in future studies. Participants
in Seta’s experiment did not see the actual responses of their experimental partners because the effect
buttons were hidden under an opaque screen. His participants only received acoustic feedback about partner
performance. Two of our participants reported being slightly confused about the slow performance of the
confederate and suspected there might be a hidden goal they had not yet found out about. As a consequence,
they slowed down their own responses. Another participant reported feeling sympathy for the confederate
and slowed down because they did not want to make the other person feel bad for being so slow. This hints
at the possibility that additional processes are activated and underlie overt social comparison effects in this
study and probably many social comparison scenarios. For example, a social norm to avoid humiliating
others might stand in conflict with a drive for personal improvement and upward comparisons and might
alter the resulting behavior patterns. These effects possibly emerge stronger in transparent scenarios in close
proximity of both co-actors (such as the current paradigm). But even if additional processes were at work
causing the behavior patterns in our participants these processes would rest on an initial comparison of the
standard’s performance with participants’ own behavior.

Another interesting aspect warranting more systematic attention is how comparison standard
information is presented. A previous study, which presented both upward and downward comparison
standards and assessed task performance in human participants, found that participants performed better in
a simple task when engaging in upward comparisons with a friend and they performed worse when engaging
in downward comparisons with a friend (Tesser et al., 1988). In that study, participants received verbal
information about their performance relative to a co-actor in an unrelated task (answering questions about
social sensitivity and creativity) before performing the test task of typing a numerical sequence. This
feedback, despite being about information in an unrelated task, was unequivocal (self-better vs. other-
better) and thus participants had a clear idea of the direction of the comparison. This touches two different
aspects: (i) How easy or difficult it is for the participant to assign a value to co-actor performance in relation
to own performance might matter for social comparison effects. (ii) Recent research in human decision-
making showed that people behaved differently when they were engaged in experience-based based
decision making compared to knowledge-based decision making (‘description-experience gap’, see e.g.,
Hertwig & Erev, 2009). Similar influences might be relevant during social comparisons and lead to different
result patterns depending on how information about a comparison standard is presented.

General Discussion

In a series of experiments, we asked whether and how long-tailed macaques adapted their task
performance as a function of the presence and performance of a social partner. Specifically, we investigated
whether subjects’ performance changed as a function of the performance of a co-actor (Experiment 1 and
2b) or competitor (Experiment 2a and 2b). In Experiment 3 we gave an equivalent task to human adult
participants — who are known to engage in social comparisons in other established paradigms — to compare
performance-based social comparison outcomes with the behavior patterns of the monkeys.
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In Experiment 1, we found that neither the presence nor the performance of a conspecific partner
affected the monkeys’ performance (accuracy and response time) in a touchscreen task. Additional
assessment of their behavior during the test sessions indicated, however, that the monkeys were not
particularly interested in the co-actor’s task performance in the first place. We take this as a hint that, in
contrast to humans, only tasks in which the behavior of the co-actor has potentially relevant consequences
for the monkeys themselves will attract their attention and might potentially trigger social comparison
processes. In Experiment 2a and 2b, we aimed at presenting the monkeys with a more relevant and salient
setting than the touchscreen setup. When confronted with a new foraging task, the monkeys increased their
feeding speed in response to a competing as well as co-acting human partner but they did not adjust the
speed to different competitors’ feeding rates (Experiment 2a) or when the human partner was merely present
but remained passive (Experiment 2a and 2b). Although the underlying cause of the monkeys’ faster food
retrieval in competition and co-action conditions is unclear (social facilitation or competition), we found
the setup in Experiment 2 to be a promising route to study social comparisons in these monkeys. Further
fine-tuning of situational parameters and experimental design is necessary to find an optimal procedure that
is both relevant enough to elicit potential social comparisons while at the same time avoiding confounds
with effects of direct food competition. There are several possibilities to address such fine-tuning.

o Afirststep could be to test if speed of a co-actor’s performance affects retrieval latencies of subjects
in a similar setup as the current Experiment 2 — importantly without the partner ever directly
competing for food with subjects.

e A systematic manipulation of the strength of competitive threat via variation of physical distance
between the food sources and co-actors, or varying the quality of the food rewards might further
help to disentangle co-action and competition effects.

o Furthermore, longer trials in which a continuously performing co-actor is present might be needed
to allow for co-action effects to manifest in general. This might be especially true for detecting
more subtle variations in partner performance, such as a moderately or extremely better performing
partner for co-action effects to manifest subsequently.

e Itis also possible that we have not found the optimal way, yet, to introduce comparison standards
to the monkeys. Different approaches to introduce comparison standards are possible: first, one can
provide online feedback about partner performance (as was the case, for example, in the study with
humans participants by Seta (1982) as well as in the long-tailed macaque study of Schmitt et al.
(2016) and Experiment 1 of this paper); second, short-term exposition to partner performance (for
example, similar to the standard exposition phase in Experiment 1 of this paper); finally, long-term
exposition to partner performance (for example, similar to the baboon study by Dumas et al., 2017).
The latter approach might be especially relevant for non-human primates, who might form long-
term general impressions of their group members and need longer exposition to comparison
standards pertaining to a particular domain of competence than humans. This presents an interesting
topic for future studies, for both humans and nonhuman animals: What are the effects of long-term
and short-term exposition to comparison standards for performing a task — preferably a task that
was introduced for the purpose of the experiment, thus no prior information about partner
competence is present at start.

An obvious avenue for future research in nonhuman primates is to use conspecifics in a similar task
and address more systematically how bond strength or similarity (e.g., same-sex vs different-sex pairings)
affect subjects’ performance. Assuming that conspecifics are both more relevant and similar to the subjects,
co-action effects might look different: Conspecifics are part of the subjects’ social network and matter
beyond the experimental situation. They are also more “equal” interaction partners in that they are subject
to the same experimental restrictions as the subjects themselves (unlike humans, who are usually the
creators of those restrictions). While Dumas et al. (2017) and Schmitt et al. (2016) implemented conspecific
performance as comparison standards, both studies have shortcomings that make it difficult to draw strong
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conclusions regarding the presence or absence of social comparison processes. For example, we have no
information about whether the subjects paid attention to the relevant information and whether they were
aware that the other monkey was performing the same task as they were and is thus a suitable candidate to
which to compare one’s own performance. Performance-based social comparisons are not very meaningful
if evaluations of self and other are based on information from different domains. For example, a monkey
who is engaged in a touchscreen game might notice another monkey close-by who is performing
particularly impressive acrobatics or who is engaged successfully in an enrichment food retrieval activity,
but the first monkey can’t engage in a comparison of touchscreen game performance based on the currently
available information. After data of the current set of studies was collected, we ran a study with monkeys
from group 1 to learn more about the role of a conspecific comparison standard in a simple task and
transparent setup: In Keupp et al. (2019), we tested the monkeys with essentially the same simple task as
in Experiment 2 using a setup that allowed to test conspecific partners in full view of each other. We
presented the subjects with very similar competitive and non-competitive food retrieval situations and with
a slow and fast competitor. The monkeys were only affected when a partner’s presence and/or actions had
potential consequences for food availability (then they retrieved items faster), but not when the partner had
no access to the apparatus or when the partner fed from the opposite side of the apparatus, which was out
of reach for the subjects (and vice versa the subject’s food was out of reach for the partner). The study could
not answer whether the monkeys’ performance was influenced by different partner performance levels and
our sample size did not allow to test for effects of rank and bond strength — hence these remain open
guestions in need of further exploration.

Another relevant aspect might be a species’ social ecology. Primates differ in how tolerant they are
with having other group members in close proximity and how individuals interact depending on rank and
social bond strength (e.g., Fischer et al., 2017; Thierry, 2007). Such interaction patterns arguably make it
more or less useful to collect information about others depending on whether one can actually put that
knowledge to use. If tolerance is very limited and social hierarchies inflexible then it might not pay to
compare yourself to others on any other dimension than dominance because dominance will determine the
outcome of most interactions. For species with more lenient interaction patterns, it might be useful to attend
to a larger variety of others’ characteristics and behaviors. This acquired knowledge can form the basis for
social comparisons. To this end, comparisons between response patterns of more and less tolerant species
will be informative. Species ecology might be of interest also in regards to a slightly different yet related
topic: it has long been suggested that equity and fairness concerns are based on social comparisons and play
a role in the evolution of cooperation (Brosnan, 2011; Fehr & Schmidt, 1999; Silk & House, 2011). Such
concerns are very prevalent in humans and this has been studied intensely in fields such as economics and
psychology (Fehr & Fischbacher, 2004; Gintis & Fehr, 2012; Gith & Tietz, 1990). Other animals have
been found to react to situations where they are worse off than others as well, for example in token exchange
paradigms where one individual gets fewer or less preferred rewards than another individual (rhesus
macaques: Hopper et al., 2013; chimpanzees: Hopper et al., 2014; long-tailed macaques: Massen et al.,
2012; corvids: Wascher & Bugnyar, 2013). While the underlying cognitive mechanisms of these findings
are disputed (Bréuer et al., 2009; Engelmann et al., 2017), it seems clear that in some test conditions subjects
have at least registered the difference in outcomes between what they get and what others get and thus have
engaged in some form of comparison. An interesting question is then whether more tolerant or more
cooperative species engage in such comparison to higher degrees and consequently react stronger to
inequity than less tolerant or less cooperative species.

In Experiment 3 we found that human participants performed slower when paired with a slow
partner than when paired with a fast partner. From an evolutionary perspective, performance decrease is
not expected, because deliberately opting to forgo one’s attainable outcome would be hard to explain in this
context. Such behavior only makes sense considering additional processes, for example taking pity on the
partner or complying with cultural norms of not humiliating others, conformity effects, or to signal
affiliative motivations. It is thus especially interesting that this is what we saw in our human participants in
Experiment 3, where participants differed in their responses to upward and downward comparisons and in
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fact some explicitly reported engaging in such additional considerations. After performing a self-other
comparison, humans might deliberately adjust their behavior to meet social or normative demands of a
particular situation. In addition, such effects might be especially strong in close spatial proximity with the
partner and when the incentive structure of the task has no intrinsic value to participants, as was the case in
our setup.

On a broader scale, we are facing the question what makes humans so interested in others that even
subtle exposition to comparison standards can have an effect on our behavior and cognitive processing
(Mussweiler et al., 2004)? One crucial characteristic of humans is that we have evolved unigue cooperative
social motivations, something that, according to one theory, was driven by the evolutionary pressure to
cooperate (e.g., Tomasello, 2016). Most extant animals, on the other hand, operate in predominantly
competitive environments. Early human’s need for cooperation had at least two consequences: they needed
to look for good cooperation partners and thus for attributes in others detached from acutely competitive
interactions — hence, a larger variety of information became relevant. Second, early humans’ dependence
on each other lead to an understanding of self-other equivalence (Tomasello, 2016, Chapter 2). This
broadening of perspective might have fostered an increasing ability to represent others and their
performance, to ascribe a certain value to it, and to represent the difference, that is to evaluate this relative
to some standard. In addition, human adults appear to automatically process and co-represent the
perspective of others in addition to their own (Samson et al., 2010) and represent their own and others’
actions in functionally equivalent ways (Sebanz et al., 2003), an ability that emerges at around 4 years of
age in children (Milward et al., 2014). Given the reliance of much of human psychology on self-other
relations, it appears valid to suggest that the extent to which other animals engage in self-other comparisons
might thus be limited by their ability to relate self and other in general.

For the current argument this raises the question: Are we dealing with a multi-layered architecture
of social comparison processes in humans, where more sophisticated forms of social comparisons built on
a shared competitive component, or are social comparisons in humans and nonhuman animals
fundamentally different processes? We propose the following account: Social comparison processes are
rooted in a competitive component that ranges from concrete physical competition or direct competition
over the same resources to expected or potential competition. This component is shared among humans and
other animals, and likely also activated in many of the classic experiments in social comparison research in
humans. While nonhuman primates like macaques consider how they fare in relation to others only in
immediately competitive conditions, humans (and perhaps some other animals) are — in addition —
evaluating how their own performance compares to those of others (or their own expectations about their
own performance), and this evaluation process may be mediated (e.g., by the relationship with the partner
or task relevance for a person’s self-image). For example, Seta (1982) suggested that participants might
feel the need to achieve an implicitly estimated acceptable performance level, such as the performance
standard set by the co-actor, to please a third party (e.g., the experimenter). Further, Cottrell et al. (1968)
have demonstrated that the apprehension of being evaluated by an audience affected participants’
performance in a pseudo-word recognition task. There is even some indication that giving participants the
possibility to compare with other participants can increase competitive behavior (McClintock & McNeel,
1966; McClintock & Nuttin, 1969). Thus, competition-driven social comparisons remain relevant for
humans but they can take different forms, for example, when one feels one’s reputation is at stake if one
does not perform well. Taken together, this multi-layered conception of social comparison processes
provides a framework for exploring how these develop in human children, how adult humans fare under
different cognitively demanding conditions, and how the immediacy of competition affects both human and
nonhuman subjects.
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