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Seven chimpanzees had participated in cognitiviestd®m the time they were approximately 18
months to approximately 16 years of age when the pi@sented here was analyzed. Testing covered
a wide range of tasks, which we categorized broadlyneasuring their understanding of aspects of
either their social or physical environments. Thanes we could test whether individuals who
excelled on ‘social’ tasks, also excelled on ‘pbgfitests. We also categorized our measures as one
of acquisition, criterion, retention or transfergill. Thus, we could determine whether individual
who mastered tasks quickly were also those whaopedd, remembered and generalized tasks most
accurately. We were interested in whether thereeveansistent patterns in cognitive skills across
tasks and measures. Results of our analyses iadiat, as with humans, chimpanzees vary in their
performance across some measures, although sofeeedies in cognitive skill between individuals
are also consistent across measures and taskseduits have implications for questions concerning
domain generality or specificity of cognitive skilh another primate species.

Pioneers in the history of psychology from the palag influence of
Galton (1961) and his cousin Charles Darwin (DarwRichards, Galton &
Diamond, 1997) to followers like Cattell (1941) proted the study of individual
differences. Although the focus on individual difaces has largely given way to
the normative approach of G. Stanley Hall and Gé8elandalakshmy & Grinder,
1970; Borstelmann, 1974), those who study humanitiog continue to value the
importance of attending to individual variance (Eetbon & Prenovost, 2000;
McMurray, Samelson, Lee, & Tomblin, 2010). Thoseowhake use of human
participants in research have the luxury of acte$arge numbers of participants,
where outliers tend to have less of an influencstatistical results and, with large
enough sample sizes, randomization takes care aft mxtraneous variables.
However, for those working with small N groups, lsuas the majority of
comparative researchers, the statistical influesfdadividual variance is perhaps
more significant, and the impact on our conclusiomse profound, yet this issue
has been largely neglected in the literature, dedpe groundbreaking work of
Tryon as far back as 1930.

Comparative researchers often rely on data fromdebjects, or even a
single subject, as an ambassador for an entirdespamr taxonomic group. Data
from Alex the African Grey parrot on categorizatidanguage, numerosity and
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abstract representation represents that for thetgamily as a whole (Pepperberg,
2006). Similarly, work with a single New Caledoni@mow, Betty, sparked an
interest in corvids as tool-users (Weir, Chappé&llKacelnik, 2002; Weir &
Kacelnik, 2006). Research groups working with otleembers of the same
species have had difficulty replicating the mostssgionalized results of Alex and
Betty in other members of the species (Holzhaident, Campbell, & Gray, 2008;
Pepperberg, 2002a, b; Pepperberg, Gardiner, &dlyttt999; Wimpenny, Weir,
Clayton, Rutz, & Kacelnik, 2009). Sue Savage-Runghé&i work with Kanzi
alone has led many to speculate that bonobos perisuto chimpanzees in their
ability to acquire and manipulate symbols that espnt a ‘human-like language’
(Savage-Rumbaugh et al., 1993). This ‘holy grappepach is arguably less
problematic (from the small N perspective) as tloalgof the research is to
demonstrate that a species is capable of mastarpagticular skill, and then it is
minimally necessary to show that only a single menib able to master the task —
not that all members can acquire it. This conclus@ course rests on the
assumption that the task itself is a valid indicabd the underlying cognitive
process, which is difficult to accomplish in anyeotest, or even series of tests.
These problems are compounded when the tests améistbred to a single
research subject raised in a unitary environmertjclv may not be very
representative of what the species would experiaatgrally.

Thus, if the goal of the research is to understhiedaverage capacity of
the species or the range of abilities, or to comphe natural abilities of the
species in wild versus captive environments anduliy comprehend how the
abilities emerge, reasonably large samples are iregfju Having a
nonrepresentative sample may influence the cormigsa researcher draws in a
profound way. In addition, if you have an ‘exceptait research subject who is
motivated and skilled at the tasks you presenhénléb, then you will conclude
that the species holds that capacity. But whabif pappen to have four or five
parrots, bonobos, chimpanzees or crows at yourosi@ép none of which are
motivated or interested in the tasks you presenp@lilit be accurate to conclude
that that species is incapable of comprehendingatles those particular members
have not demonstrated evidence of understandinglgilrecause they haven't
performed the tasks to your human determined @dlon-humans may or may
not perform the tasks we present for a varietyeaons — some having to do with
their understanding of the task, and some due Herdactors — motivational or
situational — such as a long history of experimentaining which could
contaminate any further study. Individual differeaare thus a huge factor in the
conclusions we draw regarding the abilities of acggs, and they may be faulty
conclusions. While most of us would not want thgrgtve abilities of the entire
human race to be represented by a developmentfyetl adult with an 1Q of 80,
it would be no more accurate to have those alslitgpresented by Albert Einstein
or Thomas Edison, as the latter’s brief foray id&signing intelligence tests for
the masses proved (Dennis, 2006).

Thus, it is critical to ascertain how much variamsgsts in the cognitive
abilities of members of other species. One quessiovhether there is considerable
variation in cognitive ability in non-human speciasd whether this variability
itself varies as a function of cognitive complexi@ne might suppose that other
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primates, particularly the great apes, might beemdely to show individual
differences in cognitive skill, whereas single-edlbrganisms, and maybe even the
white rat, may show less variability. However, exbe laboratory rat can show
variability in its ability to learn a maze, as difént strains have been bred and
selected for on the basis of that very trait (Try@030). Keagy, Savard, and
Borgia (2009) showed that male problem solvingigbredicted mating success
in bowerbirds indicating that such variability garedict reproductive fitness.

A second question is whether we can measure cognigkill' or
intelligence as a domain general ability. Thaifig,varies within individuals, does
it generalize across tasks such that an individinal is intellectually superior is so
across different measures of ability? Are the iiligls we have identified as
“bright” in the lab equally skilled at many tasksanly particular subsets of tasks
— and can we identify particular types of subsétst tcertain individuals can
perform well but not others, just as we can wittmans? In the laboratory rat, it
has been demonstrated that maze brightness dadaslys transfer to superior
performance on other cognitive tests (Loevinge88)9Here we define “general
intelligence” as the ability to rapidly acquire asoply information to successfully
solve problems when presented in novel contextsysaca variety of domains.
Surprisingly little rigorous work has been conddctéth any non-human species,
although recent work with mice suggests that vianaih some components of the
working memory system — or its animal analog — aoswith measures of general
intelligence (Matzel & Kolata, 2010). This work gggts that selective attention
and working memory are key factors in the varigpitif general intelligence in a
wide variety of animal species. Thus, the dataasdrdm rats alone is mixed.

A related question is whether non-humans who mdatis tapping into
one particular cognitive domain are likely to beuady skilled in tasks tapping
into a different domain. Years of testing with humzarticipants both within and
outside of the educational system have suggestad tikat humans might excel in
particular domains, but not others. For instanoajesindividuals can be skilled in
math and science but not in languages and theadtsice versa (Brunner, 2008).
Others are what we deem to be more “well-roundeldwever, surprisingly little
empirical work has directly tested such proposgiowork by Wellman, Lopez-
Duran, LaBount, and Hamilton (2008) at least suggges special social
intelligence, in that infants who are skilled atisb tasks later perform well on
theory of mind tests, even when more generalizedsomes of cognitive ability,
such as IQ and executive function are controlled Hmwever, we do not know if
there is an equivalent skill set for solving probteof a physical nature, or how
infants who are socially skilled would perform arck tasks. Correspondingly, we
do not know if non-humans should perform equallyfoninstance, tests of social
versus physical causality. There is only very pnelary work on these questions
in only a few species. Brauer, Kaminski, Riedelll,Cand Tomasello (2006)
presented several dogs and apes (chimpanzees aoblds) with a variety of cues
that were designated as either social or physicalaiture, and were intended to
inform the subjects as to the location of hiddemdioConsistent with the authors’
predictions, the dogs were best able to find tlvel fwhen directed with social cues
such as pointing, while the apes were best ablntbthe food when informed
with physical cues such as the sound of the foadgbshaken in baited cups,
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versus silent unbaited cups. This is a welcome ecapiattempt to tease apart
social and physical reasoning processes in sewtyakly and distantly related
species; however it is more limited in scope comgdao the recent project as it
deals only with the object choice paradigm — a gigra that has been heavily
criticized in terms of what it can and can not mfous about an animal's
reasoning (Heyes, 1998; Penn & Povinelli, 2007;iRair & Vonk, 2003, 2004).

Despite these limitations, some theorists have mauaieh of such species
differences, speculating that domestic dogs evolsech abilities through the
process of domestication (Hare, Williamson, & Toallms 2002; Kubinyi,
Viranyi, & Miklési, 2007), onotogenesis (Dorey, Ude& Wynne, 2010; Udell,
Dorey, & Wynne, 2008; Wynne, Udell, & Lord, 2008) lsecause of their natural
social structure, which highlights cooperation amoamembers of the pack (Mech
& Boitani, 2003). One of the reasons we might ergsted in such divergence
pertains back to the issue of variability. Rathent assuming less variability in
cognitive skill overall in other species, we migts#sume their abilities to be less
variable in certain domains than in others. Soirfistance, if solving problems in
the physical domain are tantamount to survivalébspecies need not reason about
complex social interactions, one might expect hsability among individual
members of that species in their social reasontognpared to their physical
reasoning. The opposite might be true of specles dhimpanzees, canines, and
corvids who live in large social groups.

Comparing performance on social versus physicdistas theoretically
interesting for a number of reasons. Cosmides (1888gested that humans are
biologically prepared to reason socially in patf@cucontexts, but it is largely
unknown whether non-humans show the same predigpgsand given that it is
still contentious whether non-humans share any ei¢snof the theory of mind
system (Call & Tomasello, 2008; Emery & ClaytonpZ0Focquaert, Braeckman,
& Platek, 2008; Penn & Povinelli, 2007; Povinelli &onk, 2003, 2004;
Tomasello, Call, & Hare, 2003a, b), it seems plalesthat they may show the
opposite predilection. That is non-humans may Ipe&ally prepared to reason in
nonsocial contexts. Indeed, to our knowledge noigcap work has investigated
whether potential differences between social angiphl reasoning processes vary
between individual humans, or even between typicdéveloping humans and
those with developmental disorders such as autileapite a growing body of
literature, suggesting that they might (ZaitchiR9@). Current tests are underway
to investigate the hypothesis that typically-depglg human children show
advantages for solving analogies when the stinmelisacial versus non-social in
nature (Beckman, Biondillo, & Vonk, in preparation)

Recently, Herrmann, Call, Hernandez-Lloreda, Haaad Tomasello,
(2007) conducted a large scale project to comphee docial and physical
reasoning skills of human children, chimpanzees amahgutans. These authors
concluded that children and chimpanzees had sirsktdis for dealing with the
physical world, both showing superior skills to skoof orangutans, but that
children were more adept at solving social problemtive to both ape species.
Although see Lyn, Russell, and Hopkins (2010), wboducted some of the same
tests with enculturated and non-enculturated chitmpas and bonobos, and
suggested that the differences between apes altilerhon social tasks were due
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to differences in rearing environments rather thpecies differences. Lyn et al.’s
work (2010) points to the importance of considerindividual differences in
rearing history when drawing conclusions about ssedifferences in cognitive
ability and evolved traits. Herrmann et al. (20€30nd no evidence for species
differences in individual cognitive variability. Bad on the results of this battery
of fifteen cognitive tasks, Herrmann, Hernandezrétta, Call, Hare, and
Tomasello (2010) later ran additional analyses dtemine whether individual
differences in performance for the chimpanzees tAedchildren could be best
explained by a single factor, general intelligercg, a two factor model, which
included components for social and physical irdelice, or a three factor model,
which included components for spatial, physical aatial intelligence. They
found that the three factor model best fit the datechildren, suggesting multiple
intelligences, but that the data for the chimpaszsas best fit by a two factor
model — one that included a factor for spatiallilgience but another factor that
combined physical and social intelligence togethidreir analyses revealed no
evidence for individual differences in social anldygical reasoning skills. In a
larger meta-analysis of many studies of variousmaman primates, Deaner, van
Shaik, and Johnson (2006; see also Lee, 2007) feupgort for the idea that
primate evolution has favored a general intelligenwhich allows different
species to excel at several different types of daséross domains, relative to
members of other genera, but it is important teerbat this study did not include
social tasks.

A related question, and one not tested by Herrmenal. (2010) with
regards to domain general versus specific cognitionon-humans, is whether
different measures of ability tap into general doga ability, or specific skill
sets? Are those subjects who master tasks the maskly the ones who
ultimately perform the most accurately, and whm ajgneralize at the highest
levels on tests of transfer performance? Thus,heret consistency between
acquisition and mastery of a cognitive skill? Caunably, acquiring mastery and
grasping how that skill maps on to novel situati@msl objects are two very
different cognitive abilities and may not be superin the same individuals.
However, if there is a general intelligence thdbvas non-humans to excel in
cognitive tests in the lab, one might expect theesandividuals who learn tasks
quickly will also attain the highest levels of pmrhance, have the highest scores
on first trial measures of novel tests and testdrafisfer and also retain that
performance when given retention measures on prsljidearned tasks. However,
if intelligence or cognitive skills are less domai@neral and more specialized we
should see more variation in performance of thé§erent measures. Therefore,
in addition to classifying the broad nature of dtiga domain, we also separately
categorized our tasks as measuring acquisition, temas retention and
generalization of skill. Such analyses should helpascertain to what extent
cognitive skill is generalizable and across whatety of lab-based tasks. Such
analyses had not previously been conducted on suafge scale with great apes
until the recent analysis published by Herrmannakt (2010). Whereas the
Herrmann et al. study tested a large number of boitmpanzees (106) and human
children (105), they tested both species on 15sta$¥e tested our seven
chimpanzees on a larger number of tasks (approglynaB6 total tasks) over more
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than a decade. Additionally, we will focus more differences between the
individual participants on different measures @itiperformance in our analyses.

The current project is a preliminary attempt toestigate whether
individuals differ in the extent to which they pamh tasks designed to tap into
social versus physical reasoning processes, andhamhalifferences between
individuals are consistent across tasks and diftemeasures of performance. To
accomplish this, we mined the data archives ofGbgnitive Evolution Group,
which has investigated a group of seven chimpanzdes have engaged in
cognitive testing from the time they were 18 monthsige until they were about
16 years of age, to collect the information fosthiudy. One obvious difficulty is
that classifying a large number of tasks into broatkgories loses some of the
nuances of the tasks. So a caveat of the currefgqpris that the designations of
type of task, for example, have to be, by definitia bit coarse.

Method
Participants

The data for all analyses were derived from thaiaat experimental records of the testing
of seven chimpanzees (one male, Apollo (APO) ardesnales, Mindy (MIN), Jadine (JAD), Kara
(KAR), Brandy (BRA), Candy (CAN), and Megan (MEG)Jhese chimpanzees were housed in a
single social group at the University of Louisiam&ognitive Evolution Group (for a history of the
group, see Povinelli, 2000). They had begun trgirnd familiarization with an animal trainer from
the time they were 18 months of age and had ppatied in daily cognitive and behavioral tests since
they were 2-3 years of age. The chimpanzees rangagk from 15.6 to 16.5 years of age at the time
that this meta-analysis was conducted.

Materials

Materials varied widely depending on the study fnehich the data was taken. Most of the
social tasks involved the participants interactivith human experimenters, from whom they begged
using a species typical begging gesture, throuddshmut into a Lexan barrier that divided an indoor
test enclosure into participant and human experieneareas. Experimenters may have covered their
faces with buckets, blindfolds or other objects@me of the studies. Other studies involved objects
such as boxes, and surprising objects such agdtaffimals. Physical tasks often involved toole (se
Povinelli, 2000), weighted objects, wooden trayppaatuses such as ramps, boxes containing
pivoting shelves and other devices to test theiteusstanding of the physical world.

Procedure

The first author conducted a meta-analysis of tesfibm the archives of the second
author’s laboratory, where data from all phasealloéxperiments are recorded both on original data
sheets and on DVD or videotape. Experimental pm$y@mendments and deviations signed by all
principal investigators and study directors, aslvesl the animal trainers involved in the study
document the details of each experiment. From ittffarmation it was possible to determine how
each task presented to the chimpanzees shouldbsifidd. If it was not possible to determine the
classification of the task because the study detson was not sufficiently detailed, or data was no
recorded for all subjects, the experiment was noluded in the analysis. Furthermore, if the study
could not be clearly classified as measuring eitamial or physical understanding, the study was
excluded from the analysis. All of the originaltieg data had been subjected to reliability where a
independent rater had coded the data on the dattssfrom videotape to a Cohen’s Kapga df
0.70 agreement or greater (typically> 0.90). Some of the training data had not bedsjested to
inter-rater reliability.
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Task Classification

Saocial versus Physical. In terms of nature of task or cognitive abilittepped into by our
tasks (general domain), we chose to classify oskstas social versus physical, where social tasks
were defined as those that measured our chimpdretaises to discern the social behavior /mental
states of other individuals. For instance the ddeisks included studies in which the chimpanzees
engaged in joint visual attention to follow the gaar line of sight of human experimenters,
determined which of two human experimenters to fseth using a visual begging gesture, and
followed human pointing cues to find hidden foodtMll participants contributed data to the same
number of tasks as not all completed all phasegaafing or entered the testing phase of all studie
that were analyzed for the current project. On ayer approximately 18 training tasks, and 25 tests
were designated as social for each participantsiBalytasks were defined as those that measured our
chimpanzees’ abilities to use tools or determire gthysical cause of an event they were to reason
about, such as weight, rigidity, contact, etc. Egample, these studies included those in which
chimpanzees had to decide which tool to use toyseoewards from an apparatus, or which way to
orient a tool to insert into an apparatus, or @som about the properties of an object and howethos
properties would impact on other objects or theiremment. On average, about 45 training studies
and 48 tests were classified as physical taskshiipurpose of these analyses for each participant.
The appendix provides a list of experiments and ttiassification for each subject.

Training tasks and tests belonged to the same sludining tests were conducted in order
to introduce the participants to the study objectd the basic physical manipulations requiredHer t
task. For instance, if the study required the ahimanake a discrimination between two individuals
who might offer a food reward, and the criticaladisiination in testing was that only one individual
could see the begging gesture, the training tasildveimply require the chimpanzees to meet a
criterion for entering the testing unit and makiagbegging response consistently to a single
individual. This might be a training regime for @cial test. If the task would ultimately requiresth
chimpanzee to choose between two tools, only ongha¢h could be used to procure food reward,
because of its functional properties, the trainimgk might allow the chimpanzees to use the tools
individually outside of the critical testing conteto become familiar with their properties. This
would be an example of training for a physical.test

Acquisition, Mastery, Retention. In order to determine whether different measures o
performance tapped into different skill sets, theks (both social and physical) were separately
classified as measuring acquisition, mastery atehtien. If the chimpanzees were being trained to
perform a task they had never performed beforet wes not part of their natural behavioral
repertoire, the number of trials taken to reackeddon was used as a measure of acquisition for a
novel task. First trial performance (that is, petage of trials correct on the first session peniog
a new task) was taken as an indication of masteparticipants were being re-trained to criterimm
a task they had already learned, the number dé tigareach that criterion performance level again
was considered a measure of retention.

Novel, Familiar, Transfer. We also classified our tasks as measuring novks;sility
to perform familiar tasks, and generalize previpushrned skills to novel objects or contextshi t
task was a first test of some skill or combinatidracts the participant had not performed before, o
with some object the participant had not encoundteefore, it was considered a novel task, butef th
task was transfer to a novel object or context witthe same skill set, it was considered a
generalization or transfer test. If the same tagk ¥amiliar objects was presented again at a later
time point, it was considered a retention task.

Given the lack of prior data bearing on this tapis difficult to make firm predictions but
there are a number of testable hypotheses. If thezecertain domains or modules for social
reasoning, in the primate brain, one might expkat some chimpanzees perform better on social
tasks than physical tasks. However, if being sbc&killed is considered an evolutionary adaptation
thus explaining why evolution gave rise to sociagmition in the ape lineage to begin with, one
might expect that those who excel at social tafde excel at all tasks generally and thus migha als
excel at the physical tasks. Thus, individuals yledorm well on social tasks should perform well
on physical tasks, and should also acquire task® muoickly and outperform other individuals on
measures of trial one performance and transferc@ifrse, it is not necessary to assume that
reasoning in the two domains is mutually exclusivethat evolution has selected for reasoning in
only one domain. Chimpanzees could be expectedte kophisticated skills in both domains with
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many individuals excelling at both social and pbgbitasks, not because of some domain-general
ability, but because there are particular modutesbbth social and physical reasoning. A factor
analytic approach would be better suited for défgrating between models of general intelligence
and modular models of cognition than the approaehhave taken here. However, if there are
differences in performance between social and physasks, this is a preliminary step to indicating
differences in reasoning within these domains withismall sample size. If this is the case, there
should be some variance, even within our small $angm how apes perform on these various tasks
and measures as it is assumed that there are dodivdifferences in cognitive performance in
chimpanzees, in both domains and measures of skill.

Results
Task M easures

The first question we asked was whether thereansiatistical relationship
between the number of trials required to reackeaon (task acquisition) and first
trial accuracy (mastery) collapsed across trialalbtypes (social and physical,
novel, retention). The data from the present stodyprised a multilevel data
structure because observations at one level ofysisa(i.e., task) were nested
within another level of analysis (i.e., participgintDue to the hierarchical structure
of the data, a multilevel random coefficient mofddRCMs) using the program
HLM (Bryk, Raudenbush, & Congdon, 1996) was conedcbn the average
number of trials to reach criterion on all trainingsks against the average
percentage of trials correct on the first sessibtesting once criterion had been
obtained on the training for the task for eachip@dnt. There was a significant
negative relationship such that participants wtazhed criterion in fewer sessions
achieved higher scores on the first session oinggsB = -0.44,t = -7.11,p <
0.001. This result suggests a relationship betwasacquisition and mastery.
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Figure 1.Bivariate regression of average number of trialseiach criterion on training task plotted
against average percent correct on first sessiotegifng once criterion was reached, for each
individual subject.
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In examining the number of trials to reach critariacross all training
tasks, the average number of trials required vasiecbrding to task, and also
varied by individual, (Megan’s average = 33, Mirglverage = 67, SEM: 4.89).
There was more variance in the performance of tidéviduals who required a
greater number of trials to reach criterion oveml can be seen in Figure 2, which
shows the average number of trials to reach avitedcross all training tasks.
However, the individual differences in acquisitiovere not significant when
subjected to an ANOVA of trials to criterion (inding tasks of all types) with
subject as factorf=(6, 651) = 0.65p = 0.69. This result did not differ if the
analysis included data for only those experimentsvhich all seven subjects
participated F(6, 563) = 0.75p = 0.61,1>~0.008.
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Figure 2.Average number of trials to reach criterion ontr@ining tasks for each subject.

Although Megan, who required the fewest sessionmgach criterion, and
therefore was the fastest learner, did not diffgniicantly in her acquisition rate
from the slowest learners (Mindy and Apollo), wivem examined performance on
the first trial of testing, Megan’s performance didffer significantly from that of
Apollo (Tukey HSD = 12.61p = 0.03), and Mindy (Tukey HSD = 12.0p0,=
0.05), and approached a significant difference ftbat of Kara (Tukey HSD =
11.21,p = 0.08) in an ANOVA of subject and first sessiogrfprmance on all
testing session$;(6, 695) = 2.33p = 0.03 (see Fig. 3). This result still obtains if
only the experiments which all subjects particigateare included in the analysis,
F(6, 575) = 2.18p = 0.04,4°= 0.02. However, in this analysis, Megan and Mindy
are the only two whose first session performangaifitantly differs from each
other according to Tukey HSD comparisons (Megani%9 = 0.05, Mindy:
55.27, p = 0.05). Interestingly, this result indicates soroensistency in
performance differences across two different messwf performance (first
session performance — mastery and trials to aiteriacquisition).
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Figure 3 Average percent correct on first session ofnigsticross all tests for each subject.
Individual Differences

Consistent with the significant relationship betwetwo measures of
performance (acquisition and mastery) as showrhbyHLM analysis, the results
of our tests so far indicate limited evidence fongistency across subjects in terms
of best and worst performers. Therefore, we neke@swhether there was
consistency in performance within individuals asrogpes of tasks in terms of the
cognitive domain (social versus physical) and imge of whether the task was
measuring initial mastery or retention (old versasel tasks). Here we used the
same measures of performance analyzed previoudiyals required to reach
criterion, and first testing session performance.

Social versus Physical Tasks. We first performed an ANOVA on overall
trials to criterion with type of task (social vessphysical) and subject as factors
and found no significant effectg’'s > 0.05. However, when we included only the
data from experiments that all seven subjects qpatied in, there was a main
effect of task with subjects generally requiringrentrials to reach criterion on the
social tasksF(1, 571) = 12.03p = 0.001,y%= 0.02. A glance at Figure 4 reveals
that the difference is most pronounced for Jadind does not appear to be
significant for Kara, although the analysis did meveal subject effects, or an
interaction.
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Figure 4. Average number of trials to reach criterion airting tasks for each subject, depending on
whether task was classified as tapping into sagighysical knowledge.

This difference does not appear to hold up fointadhen assessing first
session performance; however Brandy and Apolla’st fsession performances
appear to differ significantly between social artygical tasks (see Fig. 5). An
ANOVA comparing subjects’ first session testingfpanance on social versus
physical tasks revealed significant effects of bedbject,F(6, 688) = 2.31p =
0.03, and task type (social versus physic&l)l, 688) = 20.94p < 0.001.
Including only the data for which all subjects papated reveals the same effects
of subjectF(6, 568) = 2.37p = 0.03n>= 0.02, and task typ&(1, 568) = 25.06p
< 0.001,n% = 0.04. Generally, subjects performed better onfifs¢ session of
social rather than physical tasks. Recall that werail analysis of first session
performance revealed that Megan significantly odgeened Apollo and tended to
outperform Mindy.

In order to gain additional information, we conthet two separate
ANOVAs on testing data; one for social tasks omlgd one for physical tasks
only, to determine if there were any significanffetences between subjects’
performances when we did this, despite the lackigrfificance between subject
and task type in the overall interaction. On sot@sks at testing, first session
performance approached a significant differencey dor Mindy and Megan
(Tukey HSD = 15.48p = 0.06). On physical tasks at testing, performance
approached a significant difference only betweemgdheand Apollo (Tukey HSD
= 15.71,p = 0.09) and Megan and Brandy (Tukey HSD = 1682,0.07). One
interesting result from Figures 6A and 6B is thagddn performs accurately on the
first sessions of both social and physical tasksydver, Brandy and Apollo who
do fairly well at social tasks perform relativelggrly, compared to their peers, on
physical tasks. Thus, while the results may reega@lence for both consistency, or
domain-general intelligence, a more plausible prietation may be that there is
domain specificity in cognitive skills that vary bindividuals, and some
individuals excel in both domains.
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Novel versus Familiar/Retention and Transfer Tasks. Finally, we
assessed whether individuals who excelled at nadasks also excelled at
generalizing that knowledge on transfer tasks, watke better able to retain that
knowledge over time. To this end, we performed &OXA on trials to criterion,
including both social and physical tasks, with tygfetask (novel, familiar and
transfer) and subject as factors, and found a fagni effect of task typef(2,
657) = 7.49p < 0.001. Not surprisingly, subjects required mrals to master
novel tasks compared to familiar (Tukey HSD = 5086 0.002) and transfer
tasks (Tukey HSD = 50.7f's = 0.002). Again, this effect still obtained ihly
data on which all subjects participated was inalidethe analysisi(2, 564) =
5.73,p = 0.003,1> = 0.02. Figure 7C reveals that subjects are faidsnogenous
on trials to reach criterion on transfer tasks; @éesv Megan still requires the
fewest trials to reach criterion while Mindy stitequires the most. Candy,
however, modestly outperforms Megan in learning ehotasks, and Jadine
outperforms both in retention tasks (see Fig 7/9teRtion tasks may reveal the
use of memory rather than a purer measure of igelte or skill per se.

Recall that Megan generally outperformed her peeysecially Apollo and
Mindy in terms of first session performance overfive divide the tasks in terms
of whether they are novel, generalization, or rebertasks, evidence for Megan’s
superiority remains. Again, we conducted an ovefMIOVA on first session
performance on testing data only with task typevéhofamiliar and transfer) and
subject as factors, and again there was a signtfieffect of taskF(2, 681) =
18.26,p < 0.001, and subjedE(6, 681) = 3.00p < 0.01. The effects are the same
including only data on which all subjects parti¢gr subject effect(6, 561) =
2.64,p = 0.02,n%= 0.03, task effect(2, 561) = 17.18p < 0.001,n°= 0.06. First
session performance was significantly better oemtain tasks than on novel
(Tukey HSD = 9.99p = < 0.001) or transfer tasks, (Tukey HSD = 1468
0.001), as can be seen in Figure 8. When ANOVAs\wseparately conducted for
each task type, and Tukey post hoc tests were ctediuo determine subject
differences, for retention tests, Megan’s firstsgms performance approached a
significant difference from Candy’s (Tukey HSD =.79,p = 0.07) and Mindy’s
(Tukey HSD = 18.16,p = 0.08). For novel tasks, Megan’'s first session
performance approached a significant differencg &om Brandy’s (Tukey HSD
= 26.57,p = 0.06) and Jadine’s (Tukey HSD = 25.p% 0.08). For generalization
tasks, there was no significant effect of subjeee(Fig. 8).

- 149 -



A) 300-

v
8
=
%5 2001
9]
e
1S
5
z
2 100+
o
[3)
>
<
0=
APO KAR CAN JAD BRA MEG MIN
Subject
B) 80+
w» 704
s
=
k)
o}
Qo
£
]
z
(]
g
[}
>
<

APO KAR CAN JAD BRA MEG MIN
Subject

C) 601

a1
o
1

]
L

Average Number of Trials
N w
i i

=
o
1

APO KAR CAN JAD BRA MEG MIN
Subject

Figure 7. Average number of trials to reach criterion on méts for A) familiar tasks B) novel
tasks andC) transfer or generalization tasks by subject.

-150 -



) 1009 p=0.07 p=0.08
)
i
NEY L
(8]
8 L T T T T
8
= 504
c
]
2
[0
o
25+
C LJ L) L) L LJ LJ L
APO KAR CAN JAD BRA MEG MIN
Subject
B) 100+
p=0.08 p-=0.06
[}
- 754 T
(8]
¢ L T
= | L T
8 5041 T
c
(]
o
O]
o ‘ \
25+
0]

L L) L) J L) L) L)
APO KAR CAN JAD BRA MEG MIN

Subject
C) 100-
75+
©
o
5 T L
T T
© s
c
(]
2
[0
o
254
0

APO KAR CAN JAD BRA MEG MIN
Subject

Figure 8.Average percent correct @) retention or familiar task®) novel tasksandC) transfer or
generalization tasks by subject.

-151 -



Discussion

The one finding that stands out from the multipmparisons is that
Megan consistently outperforms her peers, albergmally, on measures of both
acquisition and mastery, and on tests of both bagid physical aspects of her
environment. Whereas Megan performed equally welbeath social and physical
tasks, others showed more specialized “intelligéicéhese domains. Apollo and
Brandy performed better on first session performancsocial (vs. physical) tasks,
although this did not include trials to reach cide in training for these tests.
However, one could plausibly argue that first sesgierformance is a more valid
measure of social versus physical reasoning thartrétining tests established to
familiarize them with the testing procedure. Ifdrindividual differences might be
more likely to be revealed during first sessiorf@@nance rather than in measures
of acquisition (trials to reach criterion). So,haligh the same individual who
excelled overall also excelled in both tests ofiaand physical reasoning, some
individuals showed clear differences in their dlg@# to reason in these different
types of tasks.

These results tentatively suggest that there ®gaificant amount of
individual variation in cognitive ability in chimpaees, as there is in humans. As
with humans, one might expect to find individual®owndisplay some general
intelligence who will excel compared to their peersa variety of cognitive tests
(consistent with the ideas of Deaner et al., 20@&;, 2007). Others will find many
tests difficult. Still others will show specializezkills and will excel in some
domains more than in others. While we did not abtsirong evidence for a
correlation between acquisition, mastery and gdizaten of knowledge, we did
show that the same individuals who performed welithese measures did so
consistently, and the same individuals who perfarmere poorly, also did so
consistently. More interestingly, we showed sompasation of ability within
social and physical domains, and variability withhose types of tasks, even
within our small sample size.

Herrmann et al. (2010) tested a much larger gadwghimpanzees, as well
as human children, and determined no separate diorenof social and physical
cognitive intelligence in accounting for individuatognitive variability in
chimpanzees. Obviously our smaller sample and yfasrhall effects cannot
strongly challenge such conclusions, and our rdsgeapproaches and analyses
were quite different. However, we tested our chinzes over a significant period
of their lives and presented them with a much largenber of tasks (over 135
tasks over a decade versus 15 tasks in a periddys, Herrmann et al., 2007).
Herrmann et al. (2007, 2010) also concluded thahdns may differentiate
themselves from other apes in the social domaith nagy be more similar to other
apes in the physical domain. In contrast, we atknied to agree with a sentiment
briefly alluded to by Herrmann et al. (2007) thdtere humans stand apart from
their closest living relatives is in their ability reason about unobservable causal
forces, only one dimension of which may be mentates (Vonk & Povinelli,
2006). Also notably, the children were requiredd@ason about members of their
own species, whereas the apes were required torredmut members of another
species in the Herrmann et al. study, potentiaijyl@ning some of the differences
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in performance between children and apes on thelstasks. With the current
project, we focused instead on whether individdampanzees differed in how
they performed social versus physical tasks andd@ome evidence that they did.
Lyn et al. (2010) have also raised concerns withrridann et al.’s (2007)
conclusion regarding differences between apes dmldiren on social tasks,
because, in their own semi-replication with encafted and non-enculturated
apes, they found that apes who were reared inamvients more similar to that of
human children, did not differ significantly fronmitdren in measures of at least
communicative skill. They suggest that rearing Bwinent needs to be
considered along with species differences — an itapb point to consider when
testing small numbers of subjects, and another tingpir this project concerning
individual differences. Both rearing environmentdatesting history will figure
significantly in an animal’'s performance beyond agntributions of genetic
endowment.

Much recent empirical work has been focused omthestion of whether
chimpanzees have a theory of mind (Povinelli & VoBR03; Tomasello et al.,
2003a, b; Vonk & Povinelli, 2006). The current agspof data has been mounting
in favor of granting chimpanzees (and many othecigs) the ability to attribute
some mental states (such as seeing) to other bdfrgse finds this data and the
current popular interpretation convincing (althougre Penn & Povinelli, 2007;
Povinelli & Vonk, 2003, 2004; Vonk & Povinelli, 260, one might expect
chimpanzees to excel at problems of a social natutkose requiring them to
reason about the minds of other beings. Howevampmdmnzees are also astute
problem solvers when it comes to gathering foothgutools, finding shelter and
dealing with other aspects of their physical envinent. So regardless of whether
they can reason about the thoughts and emotioathefs, it is not a fait accompli
that they should be more amendable to solving gwoblems than those of the
physical nature. Parallels are sometimes drawn dmiwthe mental lives of
chimpanzees and individuals with autism as bothufadimns have been described
as lacking or being deficient in theory of mind.il@ren with autism sometimes
excel at tasks analogous to theory of mind probldys designed to remove the
mental component (Zaitchick, 1990). We would sugtjest more empirical work
be directed at such questions. Rather than focusmgly on what attributes our
closest living relatives may share with us, it gually fascinating to determine
ways in which their minds may differ from ours, attte manner in which
evolution may have selected for different cognitpeorities in different, but
similar species.
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Appendix

A list of all experiments by project code, taskifting or testing), type (new= acquisition, old=eetion, tran=transfer or generalization or novel
task), category (social or physical) with a briefsgription and a list of all participants who coraf@d the experiment.

Experiment Task Type  Category Description Participants
96vsrl Training Old Social required action AR@R, CAN, JAD, BRA
96vsrl Training Old Social required action AR@R, CAN, JAD, BRA
95pnt0 Training Tran Social discriminating, atending, CAN
object choice
95pnt0 Testing Tran Social discriminating, ctterading, CAN
object choice
95pntl Training New Social cue attending, obgguiice APO, KAR, CAN, JAD, BRA, MEG,
MIN
95pntl Training Tran Social cue attending, dbjboice APO, KAR, CAN, JAD, BRA, MEG,
MIN
95pntl Testing Tran Social discriminating, obggwice APO, KAR, CAN, JAD, BRA, MEG,
MIN
95pnt2 Training Tran Social discriminating, atending, APO, KAR, CAN, JAD, BRA, MEG,
object choice MIN
95pnt2 Testing Tran Social discriminating, obggwice APO, KAR, CAN, JAD, BRA, MEG,
MIN
95pnt3 Training Tran Social discriminating, attjehoice, APO, KAR, CAN, JAD, BRA, MEG,
cue attending MIN
95pnt3 Testing Tran Social discrimination, obggwice APO, KAR, CAN, JAD, BRA, MEG
MIN
93-Int-1 1 Training New Social required action APO, KAR, CAN, JAD, BRA, MEG,
MIN
93-Int-1 1 Testing New Social causal, intentional APO, KAR, CAN, JAD, BRA, MEG,
MIN
93-Int-1 2 Training New Social causal, requiretian APO, KAR, CAN, JAD, BRA, MEG,
MIN
93-Int-1 2 Testing Tran Social causal APO, KARAN, JAD, BRA, MEG,
MIN
93-Int-2 1 Training New Social causal APO, KAJIAD, BRA, MEG, MIN
93-Int-2 1 Training New Social causal APO, KARRAD, BRA, MEG, MIN
93-Int-2 1 Training Oold Social causal, cue attegd APO, KAR, JAD, BRA, MEG, MIN
93-Int-2 1 Testing New Social causal, perspeetaking APO, KAR, JAD, BRA, MEG, MIN
93-Int-2 1 Testing New Social causal, perspeetakéng APO, KAR, JAD, BRA, MEG, MIN
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Experiment Task Type  Category Description Participants

93-Int-2 1 Testing New Social causal, perspeetaking APO, KAR, JAD, BRA, MEG, MIN
93-Int-2 1 Testing New Social causal, perspeetaking APO, KAR, JAD, BRA, MEG, MIN
93-Int-2 1 Testing New Social causal, perspeetaking APO, KAR, JAD, BRA, MEG, MIN
93-Int-2 1 Testing New Social causal, perspeetaking APO, KAR, JAD, BRA, MEG, MIN
93-Int-2 7 Training old Social causal, perspestiaking APO, KAR

93-Int-2 11 Testing Old Social causal, perspeetaking APO, KAR, CAN, JAD, BRA, MEG,
93-Int-2 11 Testing Old Social causal, perspeetaking ,'\AAILNO KAR, CAN, JAD, BRA, MEG,
93-Int-2 18 Testing Old Social causal, perspeetaking XIIIDI\(]) KAR, CAN, JAD, BRA, MEG,
93-Int-2 18 Testing Old Social causal, perspeetaking XIIIDI\(]) KAR, CAN, JAD, BRA, MEG,
93-Int-2 18 Testing Old Social causal, perspeetaking ,'\AAILNO KAR, CAN, JAD, BRA, MEG,
93-Int-2 18 Testing Old Social causal, perspeetaking ,'\AAILNO KAR, CAN, JAD, BRA, MEG,
93-Int-2 18 Testing Old Social causal, perspeetaking XIIIDI\(]) KAR, CAN, JAD, BRA, MEG,
93-Int-2 18 Testing Old Social causal, perspeetaking XIIIDI\(]) KAR, CAN, JAD, BRA, MEG,
93-Int-2 18 Testing Old Social causal, perspeetaking ,'\AAILNO KAR, CAN, JAD, BRA, MEG,
93-Int-2 18 Testing Old Social causal, perspeetaking ,'\AAILNO KAR, CAN, JAD, BRA, MEG,
93-Int-2 18 Testing Old Social causal, perspeetaking XIIIDI\(]) KAR, CAN, JAD, BRA, MEG,
93-Int-2 18 Testing Old Social causal, perspeetaking XIIIDI\(]) KAR, CAN, JAD, BRA, MEG,
93-Int-2 18 Testing Old Social causal, perspeetaking ,'\AAILNO KAR, CAN, JAD, BRA, MEG,
93-Int-2 18 Testing Old Social causal, perspeetaking ,'\AAILNO KAR, CAN, JAD, BRA, MEG,
93-Int-2 19 Testing Tran Social causal, perspeetaking ,'\AAIID'\(I) KAR, CAN, JAD, BRA, MEG,
93-Int-219 Testing Tran Social causal, perspeetiaking XIIIDI\(]) KAR, CAN, JAD, BRA, MEG,

MIN

- 158 -



Experiment Task Type  Category Description Participants
93-Int-2 19 Testing Tran Social causal, perspeetaking APO, KAR, CAN, JAD, BRA, MEG,
MIN
93-Int-2 20 Testing Tran Social causal, perspeetaking APO, KAR, CAN, JAD, BRA, MEG,
MIN
93-Int-2 21 Testing Old Social causal, perspeetaking APO, KAR, CAN, JAD, BRA, MEG,
MIN
93-Int-2 21 Testing Old Social causal, perspeetaking APO, KAR, CAN, JAD, BRA, MEG,
MIN
93-Int-2 21 Testing Old Social causal, perspeetaking APO, KAR, CAN, JAD, BRA, MEG,
MIN
93-Int-2 21 Testing Tran Social causal, perspeetaking APO, KAR, CAN, JAD, BRA, MEG,
MIN
93-Int-2 22 Testing Tran Social causal, perspedtaking APO, KAR, CAN, JAD, BRA, MEG,
MIN
93-Int-2 22 Testing Old Social causal, perspeetaking APO, KAR, CAN, JAD, BRA, MEG,
MIN
92-GK 1 Testing New Social causal, knowledgeestat APO, KAR, BRA, MEG, MIN
92-GK 2 Testing Tran Social causal, knowledgtesta APO, KAR, CAN, JAD, BRA, MEG,
MIN
94-ATN Testing New Social discriminating, intemality APO, KAR, CAN, JAD, BRA, MEG,
MIN
94-JVA 8 Testing Old Social discriminating, olijeboice APO, KAR, CAN, JAD, BRA, MEG,
MIN
94-JVA 9 Training Tran Social discriminating, cattending, APO, KAR, CAN, JAD, BRA, MEG.
object choice MIN
94-JVA 9 Training Tran Social discriminating, cattending, APO, KAR, CAN, JAD, BRA, MEG,
object choice MIN
94-JVA 9 Training Tran Social discriminating, cattending, APO, KAR, CAN, JAD, BRA, MEG,
object choice MIN
94-JVA 9 Training Tran Social discriminating, cattending, APO, KAR, CAN, JAD, BRA, MEG,
object choice MIN
94-JVA 9 Training Tran Social discriminating, cattending, APO, KAR, CAN, JAD, BRA, MEG,
object choice MIN
94-JVA 9 Testing Tran Social discriminating, atending, APO, KAR, CAN, JAD, BRA, MEG,
object choice MIN
94-JVA10 Testing Tran Social discriminating, attjehoice JAD, BRA
94-JVA 11 Training Tran Social discriminating ecattending, APO, KAR, CAN, JAD, BRA, MEG,

object choice

MIN
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94-JVA 11 Training Tran Social discriminating ecattending, APO, KAR, CAN, JAD, BRA, MEG,
object choice MIN
94-JVA 11 Training Tran Social discriminating ecattending, APO, KAR, CAN, JAD, BRA, MEG,
object choice MIN
94-JVA 11 Training Tran Social discriminating ecattending, APO, KAR, CAN, JAD, BRA, MEG,
object choice MIN
94-JVA 11 Training Tran Social discriminating ecattending, APO, KAR, CAN, JAD, BRA, MEG,
object choice MIN
94-JVA 12 Training Tran Social discriminating ecattending, APO, KAR, CAN, JAD, BRA, MEG,
object choice MIN
94-JVA 12 Testing Tran Social discriminating, @dtjchoice APO, KAR, CAN, JAD, BRA, MEG,
MIN
94-JVA 13 Training Tran Social discriminating ecattending APO, KAR, CAN, JAD, BRA, MEG,
MIN
94-JVA 13 Testing Tran Social discriminating, edtjchoice APO, KAR, CAN, JAD, BRA, MEG,
MIN
94-JVA 14 Training New Social discriminating, thoompetition APO, KAR, CAN, JAD, BRA, MEG,
MIN
94-JVA 14 Training New Social discriminating, cattending, food  APO, KAR, CAN, JAD, BRA, MEG,
competition MIN
94-JVA 14 Testing Tran Social discriminating, @dtjchoice APO, KAR, CAN, JAD, BRA, MEG,
MIN
94-JVA 15 Training Old Social discriminating, caending APO, KAR, CAN, JAD, BRA, MEG,
MIN
94-JVA 15 Testing Old Social discriminating, adtjehoice APO, KAR, CAN, JAD, BRA, MEG,
MIN
94-JVA 16 Training old Social discriminating, cagending, APO, KAR, CAN, JAD, BRA, MEG,
object choice MIN
94-JVA 16 Testing Old Social discriminating, adijehoice APO, KAR, CAN, JAD, BRA, MEG,
MIN
94-JVA 18 Training Tran Social discriminating jett choice, APO, KAR, CAN, JAD, BRA, MEG,
cue attending MIN
94-JVA 18 Training Tran Social discriminating jedt choice APO, KAR, CAN, JAD, BRA, MEG,
MIN
94-JVA 18 Testing Tran Social discriminating, @tijchoice, APO, KAR, CAN, BRA, MEG
cue attending
94-JVA 18 Testing Tran Social discriminating, @dtjchoice APO, KAR, CAN, BRA, MEG
96- VSR1 Training Old Social causal, visual pergjve-taking KAR, CAN, JAD, BRA, MEG, MIN
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96- VSR1 Training Oold Phys required action KARAN, JAD, BRA, MEG, MIN

97-CAUSE1 Testing New Phys explanatory drive QARAR, CAN, JAD, BRA, MEG,
MIN

97-CAUSE?2 Training New Phys explanatory drive ton@ction APO, KAR, CAN, JAD, BRA, MEG,
MIN

97-CAUSE?2 Testing New Phys explanatory drive QARAR, CAN, JAD, BRA, MEG,
MIN

97-CAUSE3 Training New Phys explanatory drivglttompetence  APO, KAR, CAN, JAD, BRA, MEG,
MIN

97-CAUSE3 Testing New Phys explanatory drive, APO, KAR, CAN, JAD, BRA, MEG,
MIN

97-CAUSE4 Training New Phys explanatory drive ton@ction APO, KAR, CAN, JAD, BRA, MEG,
MIN

97-CAUSE4 Testing Tran Phys explanatory drive, APO, KAR, CAN, JAD, BRA, MEG,
MIN

97-CAUSES5 Training New Phys explanatory driveyuieed action APO, KAR, CAN, JAD, BRA, MEG,
MIN

97-CAUSEG6 Training New Phys explanatory driveyuieed action APO, KAR, CAN, JAD, BRA, MEG,
MIN

97-CAUSEG6 Testing Tran Phys explanatory drive POAKAR, CAN, JAD, BRA, MEG,
MIN

97-CAUSES Training Old Phys explanatory drive ton@ction APO, KAR, CAN, JAD, BRA, MEG,
MIN

97-CAUSES Testing Tran Phys explanatory drive POAKAR, CAN, JAD, BRA, MEG,
MIN

97-CAUSE9 Training New Phys explanatory drivescdimination APO, KAR, CAN, JAD, BRA, MEG,
MIN

99-PHYSO Training New Phys discrimination ARG\R, CAN, JAD, BRA, MEG,
MIN

99-PHYS1 Testing Trans Phys discrimination, weigh APO, KAR, CAN, JAD, BRA, MEG

99-PHYS2 Testing Trans Phys discrimination, weigh APO, KAR, CAN, JAD, BRA, MEG

99-PHYS3 Training Old Phys discrimination ARAR, CAN, JAD, BRA, MEG

99-PHYS3 Training Old Phys discrimination ARAR, CAN, JAD, BRA, MEG

99-PHYS3 Testing Tran Phys discrimination, weight APO, KAR, CAN, JAD, BRA, MEG

99-PHYS4 Training Tran Phys discrimination AR@R, CAN, JAD, BRA, MEG

99-PHYS4 Training Tran Phys discrimination AR@R, CAN, JAD, BRA, MEG

99-PHYS4 Training Old Phys discrimination ARGAR, CAN, JAD, BRA, MEG

99-PHYS5 Training Old Phys discrimination ARAR, CAN, JAD, BRA, MEG
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99-PHYS5 Training Old Phys discrimination ARAR, CAN, JAD, BRA, MEG
99-PHYS5 Testing New Phys causal, functional Weig APO, KAR, CAN, JAD, BRA, MEG
99-PHYS6 Training Old Phys causal, motor action APO, KAR, CAN, JAD, BRA, MEG,
99-PHYS6 Training Old Phys causal, motor action ANIIDIS KAR, CAN, JAD, BRA, MEG,
99-PHYS6 Testing New Phys causal, functional tveig ng KAR, CAN, JAD, BRA, MEG,
99-PHYS7 Training Tran Phys discrimination M[L\\IFKAR, CAN, JAD, BRA, MEG,
99-PHYS7 Testing Tran Phys discrimination, weight Alt/Fljg KAR, CAN, JAD, BRA, MEG,
99-PHYSS8 Testing Tran Phys causal, functionabtvei ,2\/'}'—'"(\']) KAR, CAN, JAD, BRA, MEG,
99-PHYS9 Testing Old Phys causal, functional Wweig ng KAR, CAN, JAD, BRA, MIN,
99-PHYS10 Testing Tran Phys causal, functionagate ,l\\/lPE(;3 CAN, JAD, BRA, MEG
99-PHYS11 Training New Phys causal, motor action APO, KAR, CAN, JAD, BRA, MEG,
99-PHYS11 Training Old Phys causal, discriminatio ,L\\/IF!g KAR, CAN, JAD, BRA, MEG,
99-PHYS11 Testing New Phys causal, balance MINA@GR, CAN, JAD, BRA, MEG,
99-PHYS12 Testing Tran Phys causal, balance MIN,A@(R, CAN, JAD, BRA, MEG,
99-PHYS13 Training New Phys causal, tool competen XAFIJ\(I) KAR, CAN, JAD, BRA, MEG,
99-PHYS13 Testing New Phys causal, balance MINA&:KR, CAN, JAD, BRA, MEG,
99-PHYS14 Training Old Phys causal, tool competen XAFI’NO KAR, CAN, JAD, BRA, MEG,
99-PHYS14 Testing Old Phys causal, balance MINAGKR, CAN, JAD, BRA, MEG,
99-PHYS15 Training Tran Phys causal, tool compete Xllll\é KAR, CAN, JAD, BRA, MEG,
99-PHYS15 Testing New Phys causal, rigidity M“\L,\IK@\R, CAN, JAD, BRA, MEG,

MIN
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99-PHYS16 Training Tran Phys causal, discrimorati APO, KAR, CAN, JAD, BRA, MEG,
MIN

99-PHYS16 Testing Tran Phys causal, rigidity QAKAR, CAN, JAD, BRA, MEG,
MIN

99-PHYS19 Training Old Phys causal, discrimiomti KAR, CAN, JAD, BRA, MEG, MIN

99-PHYS19 Testing New Phys causal, rigidity KARAN, JAD, BRA, MEG, MIN

99-PHYS17 Testing Tran Phys causal, functionagate APO, KAR, CAN, JAD, BRA, MEG,
MIN

99-PHYS17 Testing Tran Phys causal, functionagate APO, KAR, CAN, JAD, BRA, MEG,
MIN

99-PHYS17 Training Old Phys causal, requiredoacti APO, KAR, CAN, JAD, BRA, MIN,
MEG

99-PHYS17 Training Old Phys causal, requiredoacti APO, KAR, CAN, JAD, BRA, MIN,
MEG

99-PHYS17 Training New Phys causal, requiredacti APO, KAR, CAN, BRA, MEG, MIN

99-PHYS17 Training Old Phys causal, requiredoacti APO, KAR, CAN, BRA, MEG, MIN

99-PHYS 17 Testing Trans  Phys causal JAD

99-PHYS18 Testing Old Phys causal, functionabhei APO, KAR, CAN, JAD, BRA, MIN,
MEG

99-PHYS18 Testing Old Phys causal APO, KARNZAAD, BRA, MEG,
MIN

99-PHYS20 Training Old Phys discrimination, reqdiaction APO, KAR, CAN, JAD, BRA, MIN,
MEG

99-PHYS20 Training Old Phys discrimination ARQAR, CAN, JAD, BRA, MEG,
MIN

99-PHYS20 Training Old Phys discrimination ARQ\R, CAN, JAD, BRA, MEG

99-PHYS20 Training Old Phys discrimination ARG\R, CAN, JAD, BRA, MEG

99-PHYS20 Training Old Phys discrimination ARG\R, CAN, JAD, BRA, MEG

99-PHYS20 Testing Tran Phys discrimination, weigh APO, KAR, CAN, JAD, BRA, MEG

99-PHYS22 Training Old Phys required action AR@R, CAN, JAD, BRA, MEG,
MIN

99-PHYS22 Training New Phys discrimination AR@AR, CAN, JAD, BRA, MEG,
MIN

99-PHYS22 Training Old Phys discrimination ARQAR, CAN, JAD, BRA, MEG,
MIN

99-PHYS22 Training Old Phys required action AR@R, CAN, JAD, BRA, MEG

99-PHYS22 Testing Tran Phys causal, functionagiate APO, KAR, CAN, JAD, BRA, MEG
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02-PSB1 Training Tran Phys required action ARAR, CAN, JAD, BRA, MEG,
MIN

02-PSB1 Training New Phys discrimination AR@R, CAN, JAD, BRA, MEG,
MIN

02-PSB1 Training Tran Phys discrimination AR@R, CAN, JAD, BRA, MEG,
MIN

02-PSB1 Training Tran Phys discrimination ARKBR, CAN, JAD, BRA, MEG,
MIN

02-PSB2 Training Tran Phys tool competence ARAR, CAN, JAD, BRA, MEG,
MIN

02-PMP1 Training New Phys motor action APO,RKACAN, JAD, BRA, MEG,
MIN

02-PMP1 Training Tran Phys motor action AP@RK CAN, JAD, BRA, MEG,
MIN

02-PMP2 Training New Phys required action ARAR, CAN, JAD, BRA, MEG,
MIN

02-PMP3 Training Old Phys tool competence ARBR, CAN, JAD, BRA, MEG,
MIN

94-ATN Training old Phys motor action APO, KARAD, BRA, MEG, MIN

94-ATN Training New Phys discrimination APOAR, JAD, BRA, MEG, MIN

94-ATN Training Tran Phys discrimination APKAR, CAN, JAD, BRA, MEG,
MIN

94-TOOL1 Training New Phys causal, tool competenc KAR, JAD, BRA, MEG

94-TOOL1 Training Old Phys causal, tool compegenc KAR, JAD, BRA, MEG

94-TOOL1 Testing Tran Phys causal, gravity KARD, BRA, MEG

94-TOOL2 Training New Phys tool competence AR@R, CAN, JAD, BRA, MEG,
MIN

94-TOOL2 Testing New Phys causal, gravity AR®@R, JAD, BRA, MEG, MIN

94-TOOL3 Training old Phys tool competence AR@R, CAN, JAD, BRA, MEG,
MIN

94-TOOL3 Testing Tran Phys causal, gravity ARAR, CAN, JAD, BRA, MEG,
MIN

94-TOOL4 Training Tran Phys causal, tool competen APO, KAR, CAN, JAD, BRA, MEG,
MIN

94-TOOL4 Testing New Phys causal, connection OARAR, CAN, JAD, BRA, MEG,
MIN

94-TOOL5 Testing Old Phys causal, connection OARAR, CAN, JAD, BRA, MEG,

MIN
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94-TOOL6 Testing Tran Phys causal, connection POAKAR, CAN, JAD, BRA, MEG,
94-TOOL7 Testing New Phys causal, connection MIgARAR, CAN, JAD, BRA, MEG,
94-TOOL7 Training New Phys causal, connection ANIIDIS KAR, CAN, JAD, BRA, MEG,
94-TOOL7 Testing New Phys causal, connection MlglARAR, CAN, JAD, BRA, MEG,
94-TOOLS8 Training New Phys causal, tool compegenc XAFI% KAR, CAN, JAD, BRA, MEG,
94-TOOLS8 Training Tran Phys causal, tool competen XIFI% KAR, CAN, JAD, BRA, MEG,
94-TOOLS8 Testing Tran Phys causal, shape MINAPAR,ICAN, JAD, BRA, MEG,
94-TOOL9 Training Old Phys causal, tool compegenc XAFI% KAR, CAN, JAD, BRA, MEG,
94-TOOL9 Testing New Phys causal, rigidity MIiFKAR, CAN, JAD, BRA, MEG,
94-TOOL10 Testing Tran Phys causal, rigidity MIEII\IJA

94-TOOL11 Training old Phys causal, tool competen APO, KAR, CAN, JAD, BRA, MEG,
94-TOOL11 Training Old Phys causal, tool compegen XAFI’NO KAR, CAN, JAD, BRA, MEG,
94-TOOL11 Testing Tran Phys causal, connection A'\/F|>Ig KAR, CAN, JAD, BRA, MEG,
94-TOOL11 Training old Phys causal, tool competen XAFIJ\(I) KAR, CAN, JAD, BRA, MIN
94-TOOL11 Testing Tran Phys causal, connection CAN, BRA, MEG

94-TOOL12 Training New Phys causal, tool competen APO, KAR, CAN, JAD, BRA, MEG,
94-TOOL12 Training New Phys causal, tool competen XAFI’NO KAR, CAN, JAD, BRA, MEG,
94-TOOL12 Testing Tran Phys causal, tool compmteoonnection N/Eyo KAR, CAN, JAD, BRA, MEG,
94-TOOL13 Training Tran Phys causal, tool compete ,ZAFI% KAR, CAN, JAD, BRA, MEG,
94-TOOL13 Testing Tran Phys causal, shape MINAG(R, CAN, JAD, BRA, MEG,

MIN
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94-TOOL14 Training Old Phys causal, tool compegen APO, KAR, CAN, JAD, BRA, MEG,
94-TOOL14 Testing Old Phys causal, connection NFIJSAKAR, CAN, JAD, BRA, MEG,
94-TOOL15 Training Old Phys causal, tool competen XIFI% KAR, CAN, JAD, BRA, MEG,
94-TOOL15 Testing Old Phys causal, shape MINAPARKCAN, JAD, BRA, MEG,
94-TOOL16 Training Tran Phys causal, tool compete ,'Xlll?'\é KAR, JAD, BRA, MEG, MIN
94-TOOL16 Testing New Phys causal, tool competesicape APO, KAR, JAD, BRA, MEG, MIN
94-TOOL17 Testing Tran Phys causal, tool compmteshape APO, KAR, CAN, JAD, BRA, MEG,
94-TOOL18 Testing Tran Phys causal, shape MINAG(R, CAN, JAD, BRA, MEG,
94-TOOL19 Training New Phys causal, tool competen XAFI% KAR, CAN, JAD, BRA, MEG,
94-TOOL19 Training Old Phys causal, tool compegen XAFI% KAR, CAN, JAD, BRA, MEG,
94-TOOL19 Testing Tran Phys causal, shape MINAG(R, CAN, JAD, BRA, MEG,
94-TOOL19 Testing Tran Phys causal, shape MINAG(R, CAN, JAD, BRA, MEG,
94-TOOL20 Training Tran Phys causal, tool compete ,'Xlll?'\é KAR, CAN, JAD, BRA, MEG,
94-TOOL20 Testing Tran Phys causal, connection Ahgg KAR, CAN, JAD, BRA, MEG,
94-TOOL21 Testing Tran Phys causal, shape MINAG(R, CAN, JAD, BRA, MEG,
94-TOOL22 Training Tran Phys causal, tool compete XIIDI\(I) KAR, CAN, JAD, BRA, MEG,
94-TOOL22 Testing Tran Phys causal, connection Ahgg KAR, CAN, JAD, BRA, MEG,
94-TOOL23 Training Tran Phys causal, tool compete ,'Xlll?'\é KAR, CAN, JAD, BRA, MEG,
94-TOOL23 Testing Tran Phys causal, connection ANI|3Ig KAR, CAN, JAD, BRA, MEG,
94-TOOL25 Testing New Phys causal, connection NFIJSAKAR, CAN, JAD, BRA, MEG,

MIN
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94-TOOL26 Testing Tran Phys causal, connection APO, KAR, CAN, JAD, BRA, MEG,
MIN

94-TOOL27 Testing Tran Phys causal, connection APO, KAR, CAN, JAD, BRA, MEG,
MIN

94-TOOLO Testing Tran Phys causal MEG

94-TOOL28 Training New Phys causal, tool competen APO, KAR, CAN, JAD, BRA, MEG,
MIN

03-PRC1 Training Tran Phys required action ARAR, CAN, JAD, BRA, MEG,
MIN

03-PRC1 Training Old Phys required action ARAR, CAN, JAD, BRA, MEG,
MIN

03-PRC2 Training Old Phys required action ARAR, CAN, JAD, BRA, MEG,
MIN

03-PRC3 Training Old Phys required action ARAR, CAN, JAD, BRA, MEG,
MIN

00-VISO Training New Soc causal, food compaetitio KAR, CAN, JAD, BRA, MEG, MIN

00-VIS3 Testing Tran Soc causal, food competitio KAR, CAN, JAD, BRA, MEG, MIN

00-VIS4 Testing Tran Soc causal, food competitio KAR, CAN, JAD, BRA, MEG, MIN

00-VIS5 Testing Tran Soc causal, food competitio KAR, CAN, JAD, BRA, MEG, MIN

00-VIS6 Testing Tran Soc causal, food competitio KAR, CAN, JAD, BRA, MEG, MIN

00-VIS7 Testing Tran Soc causal, food competitio KAR, CAN, JAD, BRA, MEG, MIN
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