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Abstract In most experimental work on animal cogni-
tion, researchers attempt to control for multiple interacting

variables by training subjects prior to testing, allowing

subjects to participate voluntarily, and providing subjects
with food rewards. However, do such methods encourage

selection bias from subjects’ personalities? In this study,

we trained eighteen zoo-housed capuchin monkeys (Sa-
pajus apella) for two experiments, under conditions of

positive reinforcement (i.e. food rewards) and free-choice

participation. Using a combination of behavioral and rater-
based methods, we identified and validated five personality

dimensions in these capuchins (Assertiveness, Openness,

Neuroticism, Sociability, and Attentiveness). Scores on
Openness were positively related to individual differences

in monkey task participation, reflecting previous work

showing that such individuals are often more active, curi-
ous, and willing to engage in testing. We also found a

negative relationship between scores on Assertiveness and

performance on tasks, which may reflect the trade-offs
between speed and accuracy in these animals’ decision-

making. Highly Assertive individuals (the most sociable
within monkey groups) may also prioritize social interac-

tions over engaging in research. Lastly, monkeys that

consistently participated and performed well on both tasks
showed significantly higher Openness and lower Asser-

tiveness compared to others, mirroring relationships found

between personality, participation, and performance among
all participants. Participation and performance during

training was clearly biased toward individuals with par-

ticular personalities (i.e. high Openness, low Assertive-
ness). Results are discussed in light of the need for careful

interpretation of comparative data on animal cognition and

the need for researchers to take personality selection bias
more seriously.
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Introduction

Selection bias is a statistical error that occurs when certain

individuals or groups within a population are unequally
represented in a study (Blaney and Millon 2009). Common

sources of selection bias include: (1) self-selection of study

subjects, (2) targeting a specific area or population, (3)
ending a study after reaching a desired result, and/or (4)

excluding data based on arbitrary grounds (Blaney and
Millon 2009). Because certain individuals or groups are

sampled more often than others, selection bias violates

statistical assumptions about ‘‘randomly selected’’ data
(e.g. Bornehag et al. 2004; Cahan and Gamliel 2006;

Malani 2008).

In studies involving animal subjects, researchers must be
wary of selection bias resulting from individual differences

in personality (defined here as consistent individual dif-

ferences in behavior and decision-making among animals;
Gosling and John 1999). For example, in a study by

Garamszegi et al. (2009), more exploratory birds were

sampled more often than less exploratory birds. Similarly,
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Wilson et al. (2011) reported that bolder fish were more

often caught in open water, whereas more timid fish were
typically found closer to places of refuge. If individuals

with certain personality traits are over-sampled, and those

traits interact with the study variable(s) of interest, then the
resulting selection bias might lead to invalid conclusions

about the population from which the data were obtained

(Biro and Dingemanse 2009). This can also create issues
when making comparisons between studies, particularly

where subjects are sampled differently and/or are different
in terms of their expression of specific personality traits.

In most experimental studies of animal cognition,

researchers attempt to control for multiple interacting
variables by training subjects prior to actual testing,

allowing subjects to participate voluntarily (‘‘free-choice’’

participation), and/or providing subjects with food rewards
to encourage their participation, motivation, and attention

(Benson-Amram and Holekamp 2012; Clark 2011; Fagot

and Paleressompoulle 2009; Garber et al. 2012; Reid et al.
2008). Quite often, however, individuals are excluded from

such studies if they do not participate regularly (e.g. Evans

et al. 2008; Fagot and Paleressompoulle 2009; Rehbein and
Moss 2002), or if they do not meet training criteria within a

set timeframe (e.g. ‘‘100 trials for five consecutive days’’,

Watson and Ward 1996; or ‘‘10 sessions of 100 trials
each’’; Bussey et al. 2008). Although such methods may

reduce noise from variables like stress, motivation, or

experience, they may also introduce personality selection
bias into the study.

Individual differences in personality reflect differences

in animals’ participation and performance on a variety of
learning and cognitive tasks. For example, slow-exploring

guppies are often better spatial navigators (Burns and Rodd

2008), less neophobic birds have a tendency to approach
novel objects faster and thus learn more quickly (Boogert

et al. 2006), and extraverted humans are generally better at

mental updating (Campbell et al. 2011). However, it is
rarely acknowledged within the animal cognition literature

whether or not individuals that proceed to the testing phase

of an experiment have personalities that differ from those
that fail to meet participation and training criteria (Carere

and Locurto 2011; Sih and Del Giudice 2012). Considering

that different personalities perform differently on tasks and
that many studies of animal cognition rely on data obtained

from small samples of subjects (e.g. Deaner et al. 2006),

the potential risk of personality selection bias warrants
further investigation.

In this study, we examined whether individual differ-

ences in personality would result in selection bias while
training eighteen capuchin monkeys (Sapajus apella) for

two experiments under conditions of positive reinforce-

ment (i.e. food rewards) and free-choice participation.
We first tested whether monkeys’ scores on personality

consistently and reliably predicted individual differences in

participation and performance during training. Then, we
tested for significant differences in the personalities of

monkeys that did/did not regularly participate and perform

well during training. We hypothesized that individual dif-
ferences in the personality of each subject would be related

to differences in participation and performance during

training. Additionally, we hypothesized that monkeys that
participated regularly and ultimately completed training

would have different personalities compared to those
individuals that failed to meet our participation and training

criteria.

Methods

Study site and subjects

Brown capuchin monkeys were studied at the Living Links
to Human Evolution Research Center (LL), located within

the Royal Zoological Society of Scotland (RZSS), Edin-

burgh Zoo, UK. Capuchin monkeys are of great interest to
comparative psychologists given their behavioral and

cognitive similarities to great apes, such as relatively

large brains, extractive foraging skills (e.g. tool-use),
cooperative and food-sharing habits, and ‘‘cultural’’ tradi-

tions (Fragaszy et al. 2004).

Study subjects were from two breeding groups, and each
of these groups cohabited with a group of common squirrel

monkeys (Saimiri sciureus). At the time of study, the

‘‘East’’ group contained 2–3 adult males, 3 adult females,
3 juveniles, and 0–5 infants. The ‘‘West’’ group contained

2 adult males, 3 adult females, 4–5 juveniles, and

2–5 infants. Age of the study subjects ranged from 2 to
40 years for males (average 11.17 ± 13.72 years, N = 12

capcuhins), and 3–14 years for females (average 8.86 ±

3.63 years, N = 7 capuchins). All monkeys were captive
born except the eldest male (Diablo), which was likely wild-

born and came to LL as established members of the groups.

One individual (Kato) was hand-reared. Both groups were
housed in identically designed, but mutually exclusive,

189 m3 indoor enclosures with natural light and near-per-

manent access to a 900 m2 outdoor enclosure containing
trees and other vegetation, providing ample opportunity to

engage in natural behaviors. All monkeys received com-

mercial TrioMunch pellets supplemented with fresh fruits
and vegetables three times daily and were given cooked

chicken and hardboiled eggs once every week. Water was

available ad libitum at all times. Further details of housing
and husbandry are provided in Leonardi et al. (2010). This

study was noninvasive, approved by local ethics committees,

and complied with regulations of the Association for the
Study of Animal Behavior (ASAB 2012).
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Personality assessment

Data on the personality of each monkey come from a
previous study, and those methods and results can be found

in Morton et al. (2013). Briefly, we studied capuchin

monkey personality among 127 capuchins ([1 year old)
across 7 international sites. Each subject was rated by one

to seven raters (mean: 3.24 ± 1.61 raters), who were

researchers (N = 25) and care staff (N = 3). Raters had at
least 1 year of experience working with the individuals.

Ratings were made on the Hominoid Personality Ques-

tionnaire (HPQ), which consists of 54 adjectives, each
paired with one to three sentences defining it within the

context of nonhuman primate behavior (Weiss et al. 2009,

2011). Inter-rater reliabilities were tested using ICC’s, and
all salient ratings were entered in a Principle Components

Analysis, which reduced ratings into components, or

‘‘dimensions’’ of personality. This analysis revealed five
distinct personality dimensions for brown capuchin mon-

keys: Assertiveness, Openness, Attentiveness, Neuroticism,

and Sociability. Examples of the particular traits that
clustered around each of these personality dimensions can

be found in Table 1. Individual scores on each of the five

personality dimensions were calculated, and validated
against relevant behaviors recorded within each social

group up to a year later (Morton et al. 2013). For example,

scores on Assertiveness positively correlated with the
amount of time each individual spent being aggressive

toward others, while scores on Openness positively corre-

lated with the amount of time individuals spent playing
with others (Morton et al. 2013). The results of this anal-

ysis indicate that some element of behavioral consistency

(i.e. personality) has been measured among these capu-
chins. More importantly, these findings demonstrate that

the ratings do not merely reflect raters’ implicit under-

standing of how personality traits should co-associate;

rather, they reflect real-world behavioral patterns among

subjects.

Task apparatus and testing

All monkeys (N = 18, excluding infants) were given the

opportunity to engage in training for two experiments.

Training for the first experiment (hereafter referred to as
‘‘Task 1’’) was conducted between November 8, 2011 and

January 13, 2012. Training for the second experiment
(hereafter referred to as ‘‘Task 2’’) was conducted between

February 15 and April 1, 2012.

Training took place in research cubicles, which were
divided into two compartments (both 49.5 cm 9 52.1 cm

9 51.4 cm) and separated by a transparent plastic door that

was halfway open. Participating monkeys could freely
walk between the two compartments. Monkeys were able

to access the cubicles via an open corridor leading from

their main enclosure. Since the establishment of LL in
2008, subjects have been involved in a number of experi-

mental studies, with a wide array of methodological

designs (see MacDonald and Whiten 2011); however, the
tasks and methods of administration in our study had not

been used before.

After a monkey had voluntarily entered the research
cubicles, the door was closed behind them, and training

began. Prior to initiating a session, however, if the subject

appeared agitated or distracted (e.g. rapidly moving
between the two cubicles, looking away from the experi-

menter), the monkey was released back into the main

enclosure. Also, as is typical of free-choice methods, sub-
jects could control when they wished to initiate or end a

training session, usually by either gesturing or pressing

their hand on the cubicle door exit. If a subject signaled
that it wanted to leave, the researcher stopped the test,

opened the door, and released the monkey back into the

main enclosure.
In Task 1, during each trial, a food reward was placed in

front of one of two compartments. The location of the food

reward (left or right compartment) was randomly selected
for each new trial. The goal was for the monkey to learn

that by moving into the compartment that had the food

directly in front of it, the researcher would hand them the
food. If the monkey failed to do this, no food was deliv-

ered, and the trial was ended. A subject’s response on a

given trial was considered to be ‘‘correct’’ when they sat
inside the cubicle opposite to the food reward.

In Task 2, during each trial, two white-opaque cups were

placed in front of one of the two compartments. The
position of each cup (left or right compartment) was ran-

domly selected for each new trial. The two cups differed in

size, with one cup twice as tall (height: 19 cm, diameter:
6.4 cm) as the other cup (height: 9.5 cm, diameter:

Table 1 Traits characteristic of the five personality dimensions
identified in brown capuchin monkeys (from Morton et al. 2013)

Personality dimension Examples of trait loadingsa

Assertiveness High: bullying, aggressive, stingy

Low: submissive, vulnerable, timid

Openness High: innovative, active, curious

Low: conventional, lazy, quitting

Neuroticism High: excitable, distractible, erratic

Low: decisive, predictable, stable

Sociability High: sociable, affectionate, friendly

Low: solitary, anxious, depressed

Attentiveness Low: disorganized, unperceptive, clumsy,
thoughtless, impulsive

a Salient loadings |[0.4| from PCA of 54 traits using varimax-rotation
(Morton et al. 2013)
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6.4 cm). For this task, the goal was for the monkey to learn

that by moving into the compartment facing the larger cup,
they would receive a food reward that was hidden inside

the cup. The larger cup was always the ‘‘winner’’, the

smaller cup was always the ‘‘loser’’. If the monkey failed a
trial, no food was delivered, and the trial was ended. A

subject’s response on a trial was considered to be ‘‘correct’’

when they sat inside the cubicle directly opposite to the
larger cup.

For both tasks, none of the sessions contained situations
where the correct response required subjects to remain

within the same cubicle on four or more trials. Addition-

ally, each monkey received up to 12 trials per session per
day for 4 days a week until they met training criteria, or

until they had been scoring at chance levels after 3 months.

Each trial lasted for 5 s, and all trials were separated by
5–7 s. For each correct trial, subjects received a food

reward (e.g. raisin or piece of papaya). All training sessions

were video recorded, and later coded. Inter-observer reli-
ability tests were conducted using a sub-sample of these

data, whereby 36 trials from 5 monkeys (total 180 trials)

were independently scored by two observers. Cronbach’s
alpha for each of the five monkeys was 1.0, indicating that

both observers scored identically.

Participation was calculated for each monkey by
dividing the number of sessions in which they participated

by the total number of session offered to them, multiplied

by 100. The performance of each individual was calculated
for each task by dividing the total number of trials

answered correctly by the total number of trials undergone,

multiplied by 100. Based on a binomial test, we established
that individuals would need to score C80 % of trials (i.e.

[10 out of 12 trials) correctly in order to be statistically

above chance. Individuals that scored C80 % on three
consecutive sessions were considered to have learned the

task, and their training subsequently ended.

Statistical analyses

Using a PASW 18.0 (SPSS, IBM corp., Chicago, USA)
package, we performed forward step-wise multiple

regressions to determine the relationships between mon-

keys’ performance, participation, and scores on each per-
sonality dimension. Pearson correlations were used to

examine the relationship between two variables (e.g. par-

ticipation and a specific personality dimension). We also
used Pearson correlations to determine whether significant

associations between two variables were positive or nega-

tive. All statistical tests were two-tailed, and alpha was set
to 0.05.

Where specified in our results, we used bootstrapping

procedures to control for differences in sample size to test
for differences in personality between monkeys that did/did

not participate and perform well on our tasks. Bootstrap-

ping procedures were conducted in Matlab by P. Hancock
(Stirling University) as follows: A new dataset was created

by selecting at random with replacement the personality

scores of (1) monkeys that participated and performed well
and (2) monkeys that did not. Then, for each sample of

subjects, their mean scores on each personality dimension

were calculated. This procedure was repeated 10,000
times; if for a given personality dimension, the mean of

either sample came out significantly larger than the other
on more than 9,750 occasions, this was defined as

p \ 0.05, two-tailed.

Results

Participation and performance on tasks

Task 1

Thirteen monkeys participated in Task 1 and participated

on an average of 83.9 ± 27.9 % of sessions (range
10–100 %). One of these subjects participated in 10 % of

sessions, 8 subjects participated in 100 % of sessions, and

the remaining subjects participated between 50–100 %.
Each participant received between 11–108 trials (mean:

73.8 ± 23.1 trials) over the course of the task, which was a

function of how many sessions in which they participated.
Average successful performance among participants was

73.8 ± 16.04 % (range 45.5–91.7 %). A total of eight

monkeys learned the task within 60–84 trials (mean per-
formance: 83.38 ± 4.5 %), which was faster than the 5

remaining monkeys who were still performing at chance

levels by the end of the task (mean performance:
58.4 ± 16.0 %). Monkeys that met learning criteria for this

task were the same eight individuals that participated on

100 % of sessions. Individual learning curves for each
monkey are provided in Fig. 1 of the ‘‘Online Resource’’.

Task 2

Fifteen monkeys participated in Task 2 and participated in

an average of 70.4 ± 36.4 % sessions (range 5.6–100 %).
Four of these subjects participated in\50 % of sessions, 7

subjects participated in 100 %, and the remaining subjects

participated somewhere in between 50–100 %. Participants
received between 12–216 trials (mean: 100.8 ± 69.7 trials)

which was a function of how many sessions in which they

participated. Average successful performance among
individuals was 65.0 ± 13.5 % (range 41.7–87.5 %). Five

monkeys learned the task within 48–84 trials (mean

performance: 80.0 ± 4.7 %), which was faster than the
10 remaining monkeys, who, as in Task 1, were still
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performing at chance levels by the end of the task (mean

performance: 57.4 ± 9.2 %). Five of the seven monkeys
that participated on 100 % of sessions also met learning

criteria. Individual learning curves for each monkey are

provided in Fig. 2 of the ‘‘Online Resource’’.

Personality, participation, and performance on tasks

For both tasks, individual differences in participation were

positively related to scores on Openness (Table 2; Fig. 1a;

Task 1: Adj. R2 = 0.414, F = 13.02, p = 0.002, df = 17;

Task 2: Adj. R2 = 0.495, F = 17.7, p = 0.001, df = 17).

In Task 1, among the participating monkeys, individual
differences in performance were negatively related to

scores on Assertiveness (Table 2; Fig. 1b) and positively

related to scores on Openness (Table 2; Adj. R2 = 0.635,
F = 21.9, p = 0.001, df = 12). Individual scores on

Assertiveness were not significantly related to scores on
Openness (r = -0.180, p = 0.474, N = 18 monkeys). For

Task 2, participating monkeys’ average performance was

negatively related to Assertiveness (Table 2; Fig. 1b; Adj.
R2 = 0.223, F = 5.02, p = 0.043, df = 14). None of the

other personality dimensions were significantly related to

participation or performance for either task (Table 2).

Personality differences in subjects that did/did not meet

criteria

The same five monkeys met learning criteria on both tasks

and were among those individuals that participated on
100 % of sessions. These ‘‘selected’’ individuals scored

significantly higher on Openness (bootstrapped p = 0.002)

and significantly lower on Assertiveness (bootstrapped
p = 0.025), compared to other monkeys (Fig. 2); however,

their scores on the other personality dimensions were not

significantly different from other subjects (Fig. 2).

Discussion

We hypothesized that individual differences in personality

were related to differences in participation and perfor-
mance while training subjects for two experiments. We

also hypothesized that monkeys that ultimately completed

training (and would thus proceed to the testing phase of an
experiment) would have personalities that differed from

those individuals that failed to meet our criterion. Both

hypotheses were supported by our results.

Fig. 1 Relationship between
a individual scores on Openness
and rate of participation (%
sessions participated), and
b individual scores on
Assertiveness and performance
(% trials correct). Because
results were similar in both
tasks, here, the data have been
averaged across tasks for
simplicity. Eighteen monkeys
were given the option to
participate on both tasks; twelve
monkeys performed on both
tasks

Fig. 2 Comparison of personality differences between monkeys that
did/did not proceed to the testing phase of each task. ‘‘Selected’’
monkeys scored significantly lower on Assertiveness (bootstrapped
p = 0.025) and higher on Openness (bootstrapped p = 0.002),
compared to ‘‘Not Selected’’ monkeys
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Studies across multiple species have found that indi-

viduals with Open traits tend to be more active, explor-

atory, and curious in novel situations (Bacon 1980;
Bergman and Kitchen 2009; Biondi et al. 2010; Kashdan

et al. 2004). Thus, highly Open individuals are more

willing to engage in cognitive testing and, as a conse-
quence, generally complete a task faster than others (e.g.

Herrelko et al. 2012; Bates and Shieles 2003; Watson and

Ward 1996). Reflecting such studies, we found positive
associations between differences in participation during

training and monkeys’ scores on Openness. Additionally,

monkeys’ scores on Openness were positively correlated
with their performance on Task 1. Lastly, monkeys that

consistently met training criteria on both tasks had signif-

icantly higher scores on Openness compared to other
monkeys and were also among those individuals that par-

ticipated 100 %.

In Task 2, however, despite there being a positive
association between participation and Openness, two of the

monkeys that participated in 100 % of sessions did not
meet training criteria, and there was no significant associ-

ation between monkeys’ scores on Openness and perfor-

mance on this task. Considering that we found a significant
relationship between Openness and performance in Task 1,

this could suggest that variables other than personality

contributed to animals’ decision-making during Task 2,
such as differences in motivation, the social atmosphere

within monkeys’ groups at the time of testing, or task

difficulty. Indeed, average participation and performance
among all participants was lower in Task 2 compared to

Task 1 (see ‘‘Results’’).

Monkeys’ performance on each task was also associated
with their score on Assertiveness. Several authors have

proposed that individuals with aggressive personality traits

exhibit a ‘‘sunk cost effect’’ (or ‘‘Concorde fallacy’’;

Dawkins and Carlisle 1976), whereby individuals that are

more aggressive emphasize speed over accuracy in their

decision-making and thus take longer to perform a task
(reviewed in Sih and Del Giudice 2012). Although we did

not specifically test speed over accuracy, our results sup-

port these predictions: First, Assertiveness was character-
ized by adjectives such as aggressive, bullying, and

dominant (see Table 1; Morton et al. 2013). Second, scores

on this personality dimension were positively correlated
with the amount of time monkeys spent being aggressive

toward others (Morton et al. 2013). Third, across all par-

ticipants, individual differences in performance were neg-
atively associated with scores on Assertiveness for both

tasks; meaning that less Assertive individuals were able to

solve both tasks faster. Lastly, individuals who consistently
met learning criteria across both tasks scored significantly

lower on Assertiveness compared to other monkeys.

However, within our study groups, highly Assertive capu-
chins were among the most sociable individuals (Morton

et al. 2013). Thus, relationships between Assertiveness and
performance may also reflect other interactions between

personality and decision-making, such as prioritizing social

interactions over engaging in research.
Surprisingly, none of the other personality dimensions

(Sociability, Neuroticism, and Attentiveness) were related

to participation or performance, nor were mean scores on
these dimensions significantly different between those

subjects that did and did not pass the training phase of each

task. Given that these dimensions are related to other
aspects of subjects’ behavior (e.g. scores on Sociability

were positively associated with the amount of time mon-

keys spent in close proximity with others; Morton et al.
2013), the traits associated with Assertiveness and

Openness may be particularly relevant to performance and

participation within this capuchin population. However,

Table 2 Pearson correlations between individual scores on personality, participation, and performance (Task 1 and Task 2)

Personality type Participation Performance*

Task 1
(N = 18 monkeys)

Task 2
(N = 18 monkeys)

Task 1
(N = 13 monkeys)

Task 2
(N = 15 monkeys)

Assertiveness r = -0.007

p = 0.977

r = -0.239

p = 0.339

r = -0.816

p = 0.001

r = -0.528

p = 0.043

Openness r = 0.67

p = 0.002

r = 0.724

p = 0.001

r = 0.748

p = 0.003

r = 0.434

p = 0.106

Neuroticism r = 0.023

p = 0.929

r = 0.210

p = 0.403

r = 0.368

p = 0.217

r = 0.426

p = 0.114

Sociability r = 0.408

p = 0.093

r = 0.381

p = 0.119

r = 0.163

p = 0.594

r = -0.135

p = 0.632

Attentiveness r = -0.116

p = 0.647

r = -0.172

p = 0.496

r = -0.001

p = 0.996

r = -0.037

p = 0.895

* N of participants differs according to how many subjects participated in the task

682 Anim Cogn (2013) 16:677–684

123



further work will be necessary to determine causal relation-

ships among these variables. For instance, familiarity with
the experimenter and/or research environment could underlie

why individual differences in participation were not signifi-

cantly associated with scores on Neuroticism or Sociability,
while those of Assertiveness and Openness were.

Conclusions

Personality selection bias is potentially a global issue to the

animal sciences (Biro and Dingemanse 2009). Within the

context of animal cognition research, our findings indicate
that subjects that meet participation/training criteria, and

are thus involved in the testing phase of an experiment, can

have personalities that differ from those of individuals that
fail to meet the criteria. Thus, basic statistical assumptions

about the experiment are violated. Cognitive researchers

should therefore remain wary of making comparisons
between studies, especially when studies differ in their

methods of training or use of free-choice participation.

Similarly, comparing experimental data between studies
may not be valid if subjects differ in their expression of

certain personality traits, particularly where small samples

of subjects are described as being representative of a group
or species.

Currently, throughout the animal cognition literature,

individuals that never progress to the testing phase of an
experiment are often excluded without further mention.

Additionally, test subjects often come from a larger pool of

individuals (e.g. socially housed animals), yet there is little
or no discussion as to why some individuals were included

in a study, while others were not. We should remain wary of

any effects due to personality selection bias within such
studies. In future, we therefore urge researchers to consis-

tently assess and report personality differences among study

subjects and discuss how such differences may have con-
tributed to the outcome of an experiment. Doing so should

greatly facilitate cognitive comparisons between studies.
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