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Assessing Generalization Within and Between
Trap Tasksin the Great Apes

Gema Martin-Ordas and Josep Call
Max Planck I nstitute for Evolutionary Anthropology, Germany

Considerable research has been devoted to inviestiiga type of information that subjects use to
solve tool-using tasks in which they have to avtedain obstacles (e.g., traps) to retrieve a réwar
Much of the debate has centered on whether sulgeogdy use certain stimulus features (e.g., the
position of the trap) or instead use more functilgr@levant information regarding the effect that
certain features may have on a moving reward. Wedeeight apes (that in a previous study had
succeeded in a trap-tube task) with one functi@mal two nonfunctional traps to investigate the
features that they used to solve the task. Fouthef eight subjects used functional features.
Additionally, we presented 31 apes with a trap thsk did not involve tools but required subjects t
make an inference about the position of a hidderar based on its displacement over a substrate
with or without a trap. Subjects performed abovande levels (including from the first trial) in the
experimental condition (unlike in the control cdiatis), suggesting that they took into account the
effect that a trap may have on a reward. Third,caeelated the subjects performance in four trap
tasks (3 involving tool-use and one without tookuand found positive correlations between some
of the tasks. Our results suggest that apes poseess knowledge about the effects that traps have
on slow moving unsupported objects. However, thisvledge was not robust enough to prevent the
influence of certain practice and task effects. dbaer, subjects’ knowledge may not have been
abstract enough to allow them to establish broadbgres between tasks.

Tool-using tasks that require subjects to overcahbstacles to get a
reward have been a major component of researchtatbvo investigate causal
knowledge in primates and birds (e.g., Henrich@2@®hler, 1925; Visalberghi &
Limongelli, 1996). One task that has been usedneitely in recent years is the
trap-tube task (Visalberghi & Limongelli, 1994) which subjects are presented
with a stick, a clear tube with a trap on its bottpart and a reward placed inside
the tube next to the trap and outside of the stibjelrect reach. Subjects have to
use the stick to get the reward out of the tubdendnroiding the trap in which the
reward may fall. Monkeys and apes find this tagkadilt (Limongelli, Boysen &
Visalberghi, 1995; Povinelli, 2000; Visalberghi &nhongelli, 1994), although
recent research has shown ways in which the ssbjperformance can be
improved. In particular, allowing subjects to cheeghether they can rake or push
the reward out of the tube (the original studiely @ilowed subjects to push the
reward out of the tube) has substantially improveeir performance (Martin-
Ordas, Call & Colmenares, 2008; Mulcahy & Call, 806ee also Seed, Tebbich,
Emery, & Clayton, 2006).

Although solving the trap task, especially witliriew trials, is consistent
with the idea that subjects have knowledge abaitctusal relations between the
elements of the problem, it does not necessarilyvgorit. There are other
mechanisms such as innate predispositions to arayd or learned heuristics that
can produce a high level of proficiency. For ins@nsubjects may solve the trap
task not because they comprehend the effect thabtt and the trap may exert on
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the reward’s displacement but because they haveddao insert the tool in a
particular location in relation to the trap pogitiithout understanding the effect
that the trap has on the reward. Generalizatiokstésften referred to as transfer
tasks in that literature) have been used to debtermvhether subjects exploit
specific stimulus features (e.g., the positiongmt@tion, or the type of trap) or
acquired habits to solve problems or, instead use mgeneral principles about the
function and the effect that those features mayetav other task elements (e.qg.,
the reward).

Traditionally, researchers have assessed gerwrahzin trap tasks by
administering the original task and then implememtsome key modifications to
this task. Visalberghi and Limongelli (1994) uséeé inverted tube condition in
which the trap was rendered non-functional by fligpthe tube 180such that the
trap was above the tube and the bottom of the laldeno holes. Once the trap is
non-functional, there is no need to avoid it. Resshlave been mixed. While in
some studies subjects avoided the trap (Povir28ldQ; Visalberghi & Limongelli,
1994), in others they did not (e.g., Mulcahy & C&006; Tebbich & Bshary,
2004). Moreover, Silva, Page and Silva (2005) @réd this control procedure
because the results derived from it are hard terpnét. Failing to avoid a non-
functional trap is not diagnostic of lack of conmpeasion because subjects are not
making any mistakes, whereas not avoiding the tregy result from subjects
perceiving the tube with the inverted trap as dediint problem. Note that
inverting the trap not only involves a change ia thnctional properties of the trap
but also a change in its configuration (i.e. treptreceptacle is flipped up). It is
therefore hard to know whether subjects are respgrno the change in function
or configuration.

Seed et al. (2006) circumvented this problem byiattering a two-trap
tube task in which a functional and a non-functiomap were located on the
bottom of the tube. Thus, the use of two traps teckaa “built-in” control
condition. They presented subjects with two condgi in one case, they had to
push the reward into the non-functional trap toowec it from below whereas in
the other condition, they had to avoid the funaiamap and displace the reward
over the non-functional trap in order to get thedoSeven rooks solved the two
different trap problems. However, these tasks #llevalnerable to the criticism
that subjects may use procedural rules, such a@diagoccommon features present
in the tasks, (i.e. black disks) to solve the peabbnd not the functional properties
of the traps. Therefore, Seed et al. (2006) comdutt/o additional transfer tests,
in which the causal relations inherent in the taskained the same, but the
appearance of the stimulus changed thus preclutimgise of certain perceptual
features. Only one of the seven rooks performed wmethese transfer tasks.
Although the Seed et al. (2006) trap setup reptesan improvement over
previous trap tasks and their associated contnmadliions, transfer tests involving
the change of other elements such as the posifigheotrap in relation to the
substrate or presence of new functional elemen¢s Kungs) can introduce a
novelty factor that may negatively affect the salgeperformance. An alternative
is to present a follow-up condition in which thelyothing that changes is the
presence of the trap hole while all other elemeszain the same.
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A complementary approach to the within-task gdimation mentioned
above is the between-task generalization approbdene subjects perform the
original task and they are subsequently assessedsenond task that differs both
in the problem layout and the response mode, hatsiill functionally equivalent
to the first task. There are two other tasks thatfanctionally equivalent to the
trap-tube: the trap-table (Povinelli, 2000) and tfap-platform (Martin-Ordas, et
al., 2008). The table task consists of a flat sugfdivided into two sections. One
section has a hole cut in it creating an effectigp so that a reward displaced over
it is lost; the other section has a fake trap ainbn it with dimensions and
position identical to the effective trap. One resves placed behind each trap and
subjects are given a choice of pulling one of takes. The heads of the rakes are
placed on the table behind the rewards. Less t@&ndf the chimpanzees tested in
this setup are able to select the correct altaradtie., the tool positioned by the
fake trap) above chance levels within 20 trialsrii@i, Meier, & Call, 2008;
Povinelli, 2000). However, Girndt, Meier, and C&DO08) found that 74% of the
subjects succeeded within 10 trials when subjadisiot have to select one of the
two pre-positioned rakes but could decide wheragert the tool to rake one of
the two rewards.

The platform-trap task is a mixture of the tubd #me table task (see Table
1 for similarities and differences among these gpsKhe task consists of an
inverted U-shaped platform (the subject is facimg inverted U-shaped platform)
with a hole at the top of one of the two platforrma. The reward is placed on the
center of the platform and the trap is locatedegitb the right or to the left side of
the reward. In order to solve the task, subjectetta displace the reward away
from the trap and bring it within reach down thenasf the U-shaped platform (see
Table 1). Martin-Ordas et al. (2008) also testethp-tube task in which subjects
could either rake or push the reward and the pilatfiask. Although around 50%
of subjects performed above chance in each task afily 36 trials, there was no
correlation between tasks, that is, no evidencwasfsfer across tasks. However,
one potential confound is that each task requiifdrdnt motor responses. It has
been shown that specific features unrelated tatmeprehension of the task such
as the type of action (i.e. push the reward) arddbation of the tools (i.e. tools
already positioned on the apparatus) can seri@ifdgt the subjects’ performance
in trap tasks (Girndt, Meier, & Call, 2008; MulcakyCall, 2006). In other words,
requiring the use of certain responses may maskribe/ledge that subjects may
possess about the critical features of the task. otution to this problem consists
of presenting a task in which the motor respongaired is minimized.

We had three goals in the current study. Firstjrwestigated the question
of within-task generalization by administering adifi@d version of the trap-tube
task to eight great apes that had succeeded ieviops study with the trap-tasks.
We focused on whether subjects were able to sblédrap tube task by using the
presence of causal features (i.e. the presenckeohdle) or non-causal features
(e.g., the position, color, and shape of the teqeptacle). We used a procedure
that minimized the methodological problems assediatith changing both causal
and non-causal elements of the task and reduciastidally the introduction of
novel features.

- 45 -



Second, we addressed the question of between-tagkrajization by
administering a trap task that required no tools@mplex manipulations. One
advantage of this task is that it minimized theepttl problems arising from
testing subjects on different trap tasks that meqgdifferent motor responses. In
particular, this new task, called the gap taskpsimequired subjects to take into
account the position of the trap to infer the lawatof a hidden reward under one
of two upside down cups after one of the cups heahldisplaced over a trap and
nothing had fallen from it. In addition, the indlois of control conditions allowed
us to investigate whether subjects showed an sitrimvoidance for those cups in
close proximity to the trap. A positive correlatibatween the tube/table task and

the gap task would support the idea that subjemte some knowledge about the
causal relations between the elements in those.task

Tablel
Similarities and differences among the originalpitabe, the trap table and the trap platform tasks.
Tube Platform ~ Table
—— [ e
Physical Support Tube Platform Platform
Tool insertion Yes Yes No
Reward Left Left Straight down
movement Right Right
Straight down
Action Rake Rake Rake
Push

1 “Tool insertion” indicates whether subjects hadirteert the tool in the apparatus or whether the
tools were already pre-positioned.

2«Reward movement” indicates in which direction 4§ could displace the reward with the tool in
the apparatus.

3«Action” refers to the technique used to get theasl out of the apparatus.

Third, we collated the data from the various tregsks (including the new
task from Experiment 2) that had been conductesuinlaboratory with the same
subjects and calculated the correlation betwedrsta&'e included the following
four tasks: The gap task from Experiment 2, thp-piatform task (Martin-Ordas
et al., 2008), and the modified versions of the-tiebe (Martin-Ordas et al., 2008)
and the trap-table (Girndt, Meier, & Call, 2008hig is a particularly important
exercise given that assessing what level of calasalledge subjects possess
requires convergent evidence across multiple taskisto date only one study, to
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the best of our knowledge, had used this correlatiapproach in the context of
trap tasks.

Experiment 1: Within-task Generalization: TheHoleless Trap

We administered three conditions. First, all satgereceived the
functional trap condition that consisted of a twiitgh a functional trap. Second,
subjects received the fake trap condition, whichstsied of the same setup as the
original task condition except that there was nie o the tube through which the
reward could fall into. Those subjects that failth@ fake trap condition (i.e.
continued to avoid a non-functional trap) receitieel painted trap condition that
consisted of a tube mounted inside a plastic beklthd a trap receptacle painted
on one side thus, simulating the appearance oftédye in the original task
condition. Thus, the first condition presented mactional trap whereas the last two
conditions presented non-functional traps. Avoiditige trap in the original
condition but not in the fake trap condition woslaggest that subjects recognized
the presence of the hole as an essential featuteegiroblem. In contrast, failing
to avoid the fake trap would suggest that subjdittsnot focus on the functional
properties of the trap. Data on the painted traplitmn would help us refine the
nature of the non-functional features that subjestsd to solve the problem. In
particular, this procedure would allow us to digtiirsh between an explanation
based on avoiding the position of the trap andnaplgir explanation based on
avoiding a black painted area.

M ethods

Subjects

Eight apes (3 chimpanzees, 2 bonobos, 2 orangatah4 gorilla) housed at the Wolfgang
Kohler Primate Research Center in the Leipzig Zadigipated in this experiment (see Table 2). All
had participated and succeeded in a previous titag éxperiment (Martin-Ordas et al., 2008). There
was 1 male and 7 females with an age range ofl8 gears.

Apparatus

There were three apparatuses: the functionalttiag, the fake trap tube and the painted
trap tube corresponding to each of three conditidihe functional and the fake trap tubes closely
followed the design by Martin-Ordas et al. (200&jor both conditions, we used two tubes (see
Figure 1). Each consisted of a 40 cm long x 5 camaiter Plexiglas tube with an off-center opaque
trap (8 cm wide x 15 cm long) located in its bottpart. One tube had the trap on the right siden(8 ¢
from the right end of the tube) and the other tedttap on the left side (8 cm from the left endhef
tube). The functional and the fake trap tubes ldokractly the same except for the trap: in the
functional trap condition the trap was attachedhi tube and connected by a hole, whereas in the
fake condition the trap was attached to the tultenbuhole connected the tube with the trap. Even
though, the painted trap task look different thiaa fake trap and the functional trap tasks, no new
element was incorporated to the task [e.g. bungsd®t al., 2006)] and the position of the painted
trap was the same as in the functional trap anel figp conditions.
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Table2
Name, gender, age, rearing history, study partitiggaand previous experience on tool-use tasks.

Subject Gender (y/zgres) Rearing History Parﬁtc?ggtion Prev_ll_cz)ljigaie_rgge >
Chimpanzee
Robert M 34 Nursery raised 2 c
Frodo M 14 Mother raised 2 c
Unyoro M 10 Nursery raised 2 c
Patrick M 10 Mother raised 2 c
Alex M 6 Nursery raised 2 c
Fraukje F 31 Nursery raised 2 a,c
Dorien F 27 Nursery raised 2 c
Trudi F 14 Mother raised a,c
Sandra F 14 Mother raised 1,2 a,
Jahaga F 14 Mother raised 2 a,c
Fifi F 14 Mother raised 1,2 ’h.c
Pia F 8 Mother raised 1,2 ’z
Alexandra F 8 Nursery raised 2
Annett F 8 Nursery raised 2 c
Bonobo
Joey M 25 Nursery raised 2 a,b,c
Limbuko M 12 Nursery raised 2 a,c
Kuno M 11 Nursery raised 1,2 ’a
Ulindi F 14 Mother raised 1,2 ib,.c
Yasa F 10 Unknown 2 a,c
Orangutan
Bimbo M 27 Nursery raised 2 a,b,c
Walter M 18 Mother raised 2 b,c
Dunja F 34 Mother raised 2 a,c
Pini F 19 Mother raised 1,2 ’h.c
Dokana F 18 Mother raised 1,2 ’h.c
Toba F 13 Mother raised 2 b,c
Padana F 10 Mother raised 2 a,c
Gorilla
Gorgo M 26 Nursery raised 2 a,c
Ndiki F 28 Mother raised 2 a,c
Bebe F 28 Mother raised 2 a,c
Viringika F 12 Mother raised 1,2 b,.c
Ruby F 10 Nursery raised 2 c

a = trap tube and trap platform taskSfubjects who only solved the tube tasksaibjects who
solved the trap tube and trap platform task (Ma@indas et al., 2008)]

b= trap tube task (Mulcahy & Call,2006)

c= trap table task (Girndt, Meier, & Call, 2008)
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We also used two Plexiglas tubes for the paintag tondition (see Figure 1), each 40 cm
long with a diameter of 5 cm. Each tube was plansidle a Plexiglas box (40 cm long x 5 cm deep x
20 cm high). The boxes were opaque except for gpeupart (40 cm long x 5 cm high), where the
tubes were attached. A black rectangle (8 cm wid& xm long) simulating the trap was painted on
the front wall of each box. One box had the blasdtangle on the right side (8 cm from the right end
of the tube) and the other on the left side (8 mmfthe left end of the tube). The distance between
the reward and the trap was identical in the tloeeditions: 8 cm. All tubes had a small hole (1 cm
diameter) drilled in their back wall to allow th&perimenter to bait them. The tool consisted of a
straight wooden dowel (0.5 cm) with a length ofc#®. We used grapes halves as rewards.

Procedure

Subjects were tested individually in their sleepoages after they were separated from
their groupmates. Young infants stayed with thaithers while the test took place. There were three
conditions: the functional trap tube, the fake ttape and the painted trap tube. In the three
conditions, the experimenter fastened both trapgub the mesh inside the testing cage. The tubes
were placed one above the other with their respedtaps facing opposite sides (Figure 1). The
location of the trap (left-right) for each tube nbad across sessions, but remained the same @uring
session. In the fake trap tube and painted trag wdnditions and before the test started, the
experimenter placed four rewards inside the twonomes of each tubeSubjects were allowed to
inspect the tubes without holes by dragging thearde out of them without any tool (with their
fingers). Then, the experimenter began the test.prbcedure was the same for the three conditions.
The experimenter placed the reward inside oneefuhes through the baiting hole and gave the tool
to the subject through the mesh right above theuagbps. In order to get the reward, subjects had to
insert the stick through one of the sides of thetand rake or push the reward out of the tubthdn
functional trap tube condition, subjects could thet reward only from one side of the tube (sidéawit
no trap), while in the fake trap tube and the paintrap tube conditions, they could get the reward
from both sides of the tube.

N :
(a) functional trap-tube and fake trap-tube (b) painted trap-tube

Figure 1. Experimental setup for the functional trap tubg fake trap tube (a) and painted trap tube
(b) conditions

Subjects received the conditions in the followingles: first, subjects were given the
functional trap tube; second, they were preseniéu te fake trap tube. Those subjects who did not
avoid the fake trap received again the functioreg tube condition. In contrast, those subjects who
avoided the fake trap at above chance levels reddive painted trap tube condition, followed again
by the functional trap tube condition. We administk a total of four 12-trial sessions in the
functional trap tube condition: two sessions athkginning of the experiment and two at the end.
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Subjects received three 12-trial sessions in e&theoother two conditions. The position of theptra
and which tube was baited were counterbalancedsadrials within a session so that the trap
appeared the same number of times to the left arttiet right of the subject. Each session lasted
approximately 20 to 30 minutes.

Scoring and Analyses

We videotaped all trials. In the functional trappéucondition, we scored whether subjects
succeeded in retrieving the reward; in the fakp trdoe and painted trap tube conditions, we scored
from which side of the tube they obtained the relwaither from the side of the trap or the side
without the trap. We calculated the percentageialstin which subjects got the reward (functional
trap tube condition) and the percentage of triale/hich subjects obtained the reward from one side
or the other (fake trap tube and painted trap tofweditions). We used an analysis of variance
(ANOVA) to investigate the effect of condition dfie percent of correct trials. We also assessed
whether subjects performed above chance levelséh eondition using a one-sample t-test (with
50% as the chance expected value). We used thenlzihtest to assess the subjects’ performance in
the first trial and also to analyze whether certadividuals differed from chance. All statistidalsts
were two-tailed.

Results

Table 3 presents the percentage of trials in whidtjects avoided the trap
in the functional (first and second tests) and fa#tp conditions. An ANOVA with
condition as within-subject factor indicated thagre were significant differences
between conditions ¢hs= 6.01,p = 0.013). Post-hoc LSD analyses indicated that
subjects avoided the trap significantly less in fake compared to the first
functional trap condition p( = 0.030). In contrast, there were no significant
differences between the first and the second fanatitrap conditions (p=0.080)
or the fake and the second functional trap conuitip = 0.072). Overall, subjects
avoided the trap significantly above chance ircatditions (> 4.48,p < 0.005,
in all conditions).

However, there were important individual differesc&able 3 shows the
subjects’ individual performance in each conditid¢thereas four subjects stopped
avoiding the trap in the fake condition, four othecontinued to avoid it.
Interestingly, subjects who had previously succdesteboth the trap tube and trap
platform tasks in the Martin-Ordas et al. (200&)dst (Table 2) also avoided the
fake trap less often than those who had only sdlliedrap tube taskg@ -3.10,p
< 0.05). Nevertheless, the four subjects that daite avoid the trap in the fake
condition did not avoid the trap in the paintedpti@ondition (§ = 2.332,p =
0.102). All subjects responded correctly in thetfirial of the first functional trap
condition (Binomial testp = 0.008), but only 3 out of 8 (38%) did so in #exond
functional trap condition. Subjects were not aboliance in the first trial of the
fake trap (7 out of 8; Binomial tegi:= 0.070) or painted trap conditions (Binomial
test:p = 1).
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Table3
Percentage of correct responses in the three tmaplitions and their associated p values (binomial
test).

functional fake ainted functional

(first exposure) P (second exposure)
Subject %ocorrect p %correct p %correct p %correct p
Fifi 91.66 <0.001 66.66 0.065 - - 83.33 0.002
Sandra  83.33 0.002 86.11 <0.001 50 1 83.33 0.002
Pia 875 <0.001 77.77 0.001 58.33 0.405 71 0.064
Kuno 83.33 0.002 58.33 0.405 - - 66.66 0.152
Ulindi 75 0.023 77.77 0.001 52.77 .868 79.16 0.007
Pini 87.5 <0.001 66.66 0.065 - - 83.33 0.002
Dokana 91.66 <0.001 50 1 - - 79.16 0.007
Viringika 95.83 <0.001 91.66 <0.001 58.33 0.405 100 <0.001

We found no evidence that subjects increased oredsed their
performance across sessions in any of the fouritonsl (first functional trap:;t=
0.813,p = 0.443; second functional trap:=t -1.158,p = 0.285; fake trap: f4=
0.401,p = 0.667; painted trap:k = 0.179,p = 0.840).

Discussion

Our results showed a mixed picture. Although oVergjects avoided the
functional trap more often than the non-functiomaps, subjects still avoided the
non-functional fake trap, but not the painted traipove chance levels. Moreover,
there were important individual differences in tragoidance. Whereas four
subjects only avoided the functional trap, fouresthalso avoided the fake non-
functional trap. None avoided the painted non-fiometl trap.

The evidence reported here indicates that at lesshe subjects
distinguished between those features that couldec#tie reward to be lost from
those features that could not. This result is hardxplain if subjects are merely
learning an instrumental response (insert the stitka particular location
depending on the trap position) without any knogkedf the features of the task
because the safest approach would be to continng tiee same response. The
fact that those same subjects were also the omtshtid performed better in a
previous study (Martin-Ordas et al., 2008) lendsdence to the hypothesis that
they may have possessed more general knowledget allat makes a trap
effective. One remaining possibility is that sulbgedid not avoid the fake trap
because they had a general predisposition agas@ading food over holes but
without attributing any causal properties (i.eytlsan make the food fall) to them.
This would also explain why they performed well pat on the trap-tube task but
also the platform-trap task in the Martin-Ordasgle(2008) study. We will address
this issue in the next Experiment.

Our control condition of rendering the trap inetfee could be criticized
on the same grounds as the inverted trap tubeighgitven that there is no cost in
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continuing to avoid the ineffective trap, it is rautitable to conclude that subjects
lack a causal understanding of the task (Seed.ef@06; Silva et al., 2005;
Tebbich, Seed, Emery, & Clayton, 2007). Indeed,dat for those four subjects
that avoided the non-functional fake trap are hardterpret. However, the results
of the painted condition demonstrate that they wereusing the position, color
and shape of the trap as a discriminative cue tiddewhere to insert the tool.
There is another aspect that complicates the irgerion of this experiment.
Subjects avoided the trap significantly more ofiiehe first functional condition
than in the fake condition, but they only showeigredency in the same direction
between the fake trap condition and the secondtibmad trap condition. Indeed,
there was a tendency to reduce trap avoidance whparing the first and the
second functional trap conditions. This result &dhto explain if subjects were
solely attending to the causal features of the task

The use of between-task generalization is one twagvestigate whether
subjects use specific features to solve problemmane general processes. If the
latter is true, one would expect subjects to be &blgeneralize their skill to new
functionally equivalent problems, despite the défeces between the new task and
the original task in terms of the setup and itpoese requirements. In the next
experiment we changed the setup substantially mrebstigated whether apes solve
a new trap problem and whether their performanceetzied with that of other
trap tasks. This new setup also allowed us tothespossibility that subjects had
succeeded in trap task because they had a preitispofor refraining from
displacing rewards over holes.

Experiment 2: Between-task Generalization: The Gap Task

In this experiment subjects did not have to useohtb get a reward while
avoiding a trap. Instead they had to infer the tiocaof the reward (placed under
an upside down cup) based on the cups’ trajectorg platform in the presence of
atrap.

In particular, we presented apes with a platforhwiguare holes 10 cm
from the center of the platform. A pair of opague€ was positioned upside down
next to each trap. One of the traps was coverdud aviolid plastic cover. We hid a
reward under the cup closest to the covered hote displaced both cups in
succession over the holes and towards the endsegblatform. Subjects did not
have to manipulate tools to avoid a trap but sinfijay to select the correct cup to
get the reward. One advantage of this procedutigaisit minimized the potential
problems associated with motor constraints or Biak®t may appear when
manipulating a tool. Another advantage is thatghecedure did not involve the
subjects displacing objects over traps and it albowved us to assess whether
subjects showed a general avoidance for objectdddmear traps.
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M ethods
Subjects

Thirty-one apes (14 chimpanzees, 5 bonobos, 7 atang, and 5 gorillas) were tested in
this experiment. All had participated in the praxexperiments (see Table 2). There were 11 males
and 20 females with an age range of 6 years t@adky

Apparatus

We used a grey plastic platform with two holes ¢@®wide x 25 cm long) located 10 cm

from the center of the platform to present the {@gle Figure 2). The platform was mounted on an L-
shaped metal support frame perpendicular to a Bdéidiglas panel with three holes cut on its bottom
part equidistant from each other (two on opposiers and another one in the center). Two grey
opaque plastic pieces (17 cm wide x 15 cm long) amtear Plexiglas piece (17 cm wide x 15 cm
long) were used to cover the platform holes inedéht conditions. Two opaque blue plastic cups (7
cm diameter x 12.5 cm high) were used to cover @giedlace the reward on the platform and an
opaque screen was used to bait one of the cupislewsthe subject’'s view. We used grapes, banana
pieces or monkey chow pellets as rewards.

11 ll‘l [N

! L I [N BN B AN

Figure 2. Experimental setup for the gap task.

Procedure

The experimenter sat behind the platform facing ghiject who was located behind the
Mesh panel. The platform rested on a metal sugpattallowed the experimenter to pull it away to
prevent subjects from touching the test materialsng their presentation. He placed the two cups
upside down side by side on the center and forvpasition of the retracted platform. Then the
experimenter raised the screen, showed the rewdttetsubject and placed it between the two cups
and alternatively lifted and dragged both cups otrer reward’s position capturing it with a
predetermined cup. At this point subjects still dat know under which of the two cups the reward
had been hidden. Then, the experimenter removesctieen and dragged the left cup towards the left
side crossing over the left hole and leaving the iaufront of the left hole in the panel on the It
side of the platform. Next, the experimenter exedihe same action on the cup on the right side of
the platform. Upon completing both cup displacemsgenhe experimenter pushed the platform
forward and allowed the subject to select one ef ¢bips by inserting a finger in one of the two
extreme holes and touching the cup. We administeneddifferent conditions:

Clear-Open condition. The experimenter covered one hole with the tramespaPlexiglas
piece and left the other hole uncovered. The rewsasl always on the side where the Plexiglas piece
had been placed.
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Opague-Opaque condition (control) The experimenter covered each of the holes with on
of the opaque plastic pieces.

Post Clear-Open condition (control). The experimenter followed the same pdoce as in
the previous condition. However, once he draggeti baps towards the left side and right side of
the platform, respectively, he removed both opagastic pieces and covered the hole next to the
baited cup with the Plexiglas piece and left tHeeothole uncovered.

Clear-Clear condition (control). This condition was identical to the @pa-Opaque
condition except that Plexiglas pieces rather tbpaque plastic pieces covered the holes. This
condition allowed us to assess whether subjectil atetect the food location when the holes were
covered by Plexiglas pieces

Each subject received two 12-trial sessions contpagethe Clear-Open and Opaque-
Opaque conditions (6 trials per condition per s@gysiWe counterbalanced the order of these
conditions within subjects. Subsequently, subjeeteived one session (12 trials) in the Post Clear-
Open condition and one session (12 trials) in tHea®Clear condition in this order. We
counterbalanced the location of the reward in easidition so that it appeared the same number of
times on each of the sides with the stipulatiort thaould not appear more than three consecutive
trials on the same side.

Data Scoring and Analyses

We videotaped all trials. We scored the first copched by the subject as her choice. Our
dependent variable was the percent of correcstried analyze the results of the gap task, we used
nonparametric statistics because the Opaque-Opeaquteol condition violated the assumption of
homogeneity of variance. Therefore we used the k&idd/allis test to assess species differences and
the Wilcoxon test to investigate the effect of ctind of the percent of correct trials. We alsodise
the Wilcoxon test to assess whether subjects paedrabove chance levels in each condition (with
50% as the chance expected value). We used thenlzihtest to assess the subjects’ performance in
the first trial. All statistical tests were twod&d. To analyze the generalization across taskgjsee
Pearson’s correlation. Additionally, we conductefhaetor analysis that included the scores of the
four tasks to detect potential clusters of tasks. Métted the distribution of the four tasks baead
the two main factor components.

Results

Figure 3 presents the mean percent of correctstidal a function of
condition. There were no significant differencesamsen species in the Clear-Open
experimental (Kruskal-Wallis tesi’= 4.74, df = 3p = 0.19) and Opaque-Opaque
control conditions (Kruskal-Wallis testy? = 5.43, df = 3p = 0.14). Therefore we
pooled together the data from the various spe8&ialsjects performed significantly
better in the experimental than the Opaque-Opammérol condition (Wilcoxon
test: z = 3.30p = 0.001, N = 26). Moreover, subjects were abowmnch in the
Clear-Open experimental (Wilcoxon test: z = 4436,0.001, N = 26), but not in
the Opaque-Opaque control condition (Wilcoxon test 0.65p = 0.51, N = 27).
This difference was already evident in the firal{rSign test:p = 0.019. Twenty-
two out of 31 subjects (71%) responded correctlyhia first trial of the Clear-
Open experimental condition (Binomial test = 0.029), but only 11 out of 31
subjects (35%) did so in the Opaque-Opaque cootradition (Binomial test:p =
0.15). Subjects also failed to perform above chdecels in both the Post Clear-
Open (Wilcoxon test: z = 1.7(a = 0.09, N = 17), and Clear-Clear control
conditions, (Wilcoxon test: z=1.3F=0.17, N = 14).
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Figure 3. Mean percentage of correct trials in the expertadecondition (clear-opem) and in the
control conditions (opaque-opaque, post clear-@gmehclear-clear).

Table 4 presents the correlations between the tiayr tasks (gap task,
trap-platform task, trap table and modified versidrihe trap tubes). There was a
significant correlation between the table and thp tasks and between the table
and the tube conditions. A factor analysis on th& tasks indicated that the two
main components depicted in Figure 4 accounte@366 of the variance. All tasks
except for the platform task tended to cluster tiogie (Figure 4). Indeed the
platform task showed both the lowest loadings am first component and the
highest ones on the second component.

Table4
Correlations between the four trap tasks.
gap table tube platform
gap . r=0.49% r=0.04 r=0.01
n=24 n=17 n=17
table R ) r=0.421* r=0.09
n=17 n=17
tube - . 3 r=-0.10
n=19
*p<0.05
**p<0.01
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Figure 4. Factor analysis of the four trap tasks based anfastor components.
Discussion

Overall, subjects found the reward above chaneglden the Clear-Open
experimental condition but not in any of the threentrol conditions. This
difference was already evident in the first tridtlditionally, the Post Clear-Open
control condition showed that they did not have amgdisposition for avoiding
objects located next to holes. We found no evidesidater-specific differences.
When we analyzed the level of subjects’ performaacenss the different tasks
(gap task, trap-platform task, trap table and medifersion of the trap tubes), we
found positive correlations between the table tasldl the gap and tube tasks.
However, the performance in the trap-platform dad oorrelate with any of the
other tasks.

These results cannot be reduced to an explanatich as using the
presence of a hole as a discriminative cue totfiedfood because subjects did not
succeed in the condition in which the hole appeaier displacing the cups.
Likewise, the use of inadvertent cues, such asditeng procedure or reflection of
the food on the Plexiglas pieces, cannot accounthfsse results because subjects
failed to choose the correct cup when there washale on the platform.
Additionally, given that 71% of the subjects resped correctly in the first trial of
the experimental condition, learning how to respdadng the test cannot explain
our findings. Therefore, our results support theaidhat subjects may be using
inferential reasoning to solve the gap task — 8 #iat has been documented in
several previous studies (Call, 2004, 2006; CalCé&penter, 2001; Premack &

- 56 -



Premack, 1994). However, unlike some of these atdih which subjects could
choose on the basis of witnessing an empty contai@all, 2006; Call &
Carpenter, 2001) or the experimenter consume thdeots of one of the
containers (Premack & Premack, 1994), our subjeatisto choose on basis of the
presence or absence of the trap (and the effeatsithmay have had on the
reward).

The positive correlations found between tasks thiffi¢red both in their
setup and response requirements suggested thatcsuljere able to generalize
their knowledge about particular tasks to otherctiomally equivalent trap tasks.
However, this generalization was not extensive mittet we found no significant
correlations between most of the tasks. Most sigikivas the absence of any
correlation between the platform task and the adwsks.

General Discussion

We found some evidence suggesting that apes loave knowledge about
the relation between elements in trap tasks. Ormottleehand, the within-task trap-
tube generalization test indicated that some stbptributed a special importance
to the presence of the hole, and even those tHatadj they did not merely use the
position of a black patch (painted trap) to solwe task. On the other hand, the
between-task generalization revealed positive exideof generalization between
some functionally equivalent trap tasks that déterin their task elements and
response modes. Most telling was the success irgdipetask (which required
inference by exclusion) and its positive relatioithveome of the tool-using tasks.
We also found a positive correlation between tap tube and the table tasks.

The combination of generalization data from witlsind between tasks
leads us to postulate that subjects possess sameagi&nowledge (as opposed to
task-specific) about the effects that traps carseaun rewards moving over them.
Recall that each task presented a different typ&agf that required a different
response to obtain the reward. Moreover, subjdtés succeeded on the first trial
in which they were exposed to the task. These tesiEinnot be explained by
invoking associations between familiar situatioesduse they involved tasks not
encountered before. Indeed, they suggest that @sbgould be extracting the
relationship between the elements of the diffetasiks. However, one could argue
that subjects had a predisposition (learned or twogimply avoid displacing the
reward over traps, a feature that all tasks shavatdwithout understanding the
functional properties of traps. Yet, this explaoatcannot account for the results
of the gap task in which subjects did not have igpldce the reward at all but
simply observe the displacements of cups and tonefcup. Another alternative is
that subjects may have had a generalized aversiobjécts being displaced over
traps. However, this explanation again cannot atcfor some of the available
data. Seed, Call, Emery, and Clayton (2008) fourad thimpanzees can either
avoid displacing the rewards over traps or pushtlmo traps depending on
whether the reward gets trapped or released frenapiparatus, respectively. This
means that there is no generic predisposition faiding traps. Instead, apes
treated traps as a part of the problem or theisolutlepending on the situation.
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The positive evidence for generalization cannatcabe the fact that there
was also a lack of generalization at the individaiadl task level for both within
and between tasks. At the individual level, sonmgestis failed the non-functional
(fake trap) condition whereas other subjects thased this condition nevertheless
showed a subsequent performance decrease in ttiofuad task. We do not think
that such a decrease was due to a lack of motivaegause subjects participated
willingly throughout the experiment. Intead, we dav the idea that such reduction
may constitute a predisposition to solve the pnobile a fixed and specific manner
even though there are more appropriate method®leing it; that is, subjects
could have learned to not avoid the fake trap enfttke trap condition such that
this predisposition might bias them to not avoic tlunctional trap. This
phenomenon has been called thiastellungeffect and it has been previously
described for human adults in problem solving s$itues (Luchins & Luchins,
1959). At the task level, the generalization did nocur across all tasks. One
could argue that if causal knowledge was implicatethe solution of these tasks,
there should have been positive correlations anadintasks. However, there are
some factors that may help explain the absencepeif@ct generalization among
tasks. From a practical point of view, it is coveadile that the different motor and
perceptual requirements to solve each task intredisome noise that contributed
to reduce the correlation across tasks. All othémngs being equal, those tasks
requiring motor responses that were easier to égegauld automatically lead to
higher scores and consequently reduce the cooelbétween tasks. Similarly, the
perceptual components of the task need to be digrefonsidered. Two spatial
arrangements that the experimenter judged as anally equivalent may not be
perceived in the same way by the apes. Moreovas, likely that the different
spatial arrangement of each task generated someltyeeffect that may have
caused a dissimilar appearance of the problemswiBr(l990) showed that
children also rely on surface features when they faced with a spontaneous
generalization tasks involving tool use. Even thgufe domain-specific or task-
specific knowledge might be fundamental to build cpnceptual knowledge
(Brown, 1990; Mandler, 2000), a dependence on s$tisaspecific attributes in a
transfer task may diminish the flexible use of thechanisms involved in the
solution of the problems (e.g., Oden, Thompsonyé&ntack, 1990).

From a theoretical point of view, Martin-Ordas &t (@008) argued that
failing to find evidence of positive transfer betmetasks does not necessarily
mean that subjects do not perceive the causaiaesabetween the elements within
each task. It may be that subjects are not conpéhiose relations across tasks. In
other words, analogical rather than causal knovdeahgy be the reason for the
lack of generalization across tasks. Obviously, jentb that can establish
analogical relations between tasks would also He & recognize the causal
relations within each task (Gentner, 1998, 200)t@er & Kurtz 2006; Gentner &
Markman, 1997). But the reverse is not true. Thanmpand Oden (2000) argued
that generalized performance to novel problemstoatsons is a hecessary, but not
sufficient criterion for concluding that an aninslperformance is mediated by
analogical reasoning. One of the strongest evidetheg an individual has
developed knowledge at a relational level involfiest trial transfer to novel and
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same class samples, but which differ physicallymfréhe original problem
(Gentner, 1983; Oden, Thompson, & Premack, 19880;1®Roitblat & Fersen
1992; Thompson & Oden 2000; Thompson, Oden, & Boy4897). Our results
showed that subjects only solved the trap-tabletaadjap-task in the first trial. In
the case of the trap-platform, subjects were alobeace in the first session and no
evidence of improvement across sessions was fddadi(-Ordas et al., 2008).

In conclusion, we found some evidence suggestingdpes possess some
knowledge about the effects that traps have on showing unsupported objects.
Such knowledge was apparent both in tasks in whitijects had to displace the
objects as well as those in which they simply obes@rthe displacement to make
an inference about the reward location based oecbbjteractions. However, this
knowledge was not robust enough to prevent theenite of certain practice and
task effects. In fact, the subjects’ responsesbeabest explained as a combination
of epistemic (knowledge), practical (actions regdjrand situational factors (task
setup), not the unique influence of one of themraédwer, subjects’ knowledge
may not have been abstract enough to allow themstablish broad analogies
between tasks. Future studies are needed to ahsawdative contribution of each
of these factors in the solution to these problemd the nature of the causal
knowledge that may support analogical capabilitiesonhuman animals.
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