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Abstract and Keywords

This chapter attempts to show that claims that chimpanzees 
(and other animals) reason about the world in human-like 
ways are unfounded. In particular, it argues that only humans 
rely upon ‘higher order’ causal relations such as force, weight, 
or gravity, and logical inferential processes such as diagnostic 
causal reasoning when making sense out of the world. It 
begins by analysing one of the most basic problems in this 
field: an ape wielding a stick to obtain an out-of-reach banana.
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reactions: burning, boiling, mixing, and so forth. They failed. 
But not because mixing, boiling, and burning are unscientific 
exercises, nor because the alchemists failed to use a roughly 
scientific method (i.e., forming hypotheses, testing them, 
keeping track of experimental results, etc.). Alchemy failed 
because elements are immutable when subjected to normal 
chemical processes. Alchemists were operating under an 
umbrella of incorrect assumptions about their subject matter, 
influenced by the all-too-human tendency to be entranced by 
stories in which ordinary objects are endowed with magical 
properties.

We contend that much of contemporary comparative 
psychology suffers from a similar delusion. As with the 
alchemists of old, the difficulty has less to do with the general 
methods and practices being used by the animal alchemists, 
than with the all-too-human tendency to take folk stories about 
the world too seriously. Stories about animals reasoning in 
elaborately human ways are as believable and entrancing to 
many contemporary scientists as stories about base metals 
turning into gold were to the alchemists of old. But, in our 
view, they are no more well founded.

In this chapter, we attempt to show that claims of 
chimpanzees (and other animals) reasoning about the world in 
human-like ways are unfounded. In particular, we argue that 
only humans rely upon “higher-order” causal relations such as
〈force〉, 〈weight〉, or 〈gravity〉1 and logical inferential 
processes such as diagnostic causal reasoning when making 
sense out of the world (for previous attempts see Povinelli,
2000; Penn et al., 2008).

To get started, we analyze one of the most basic problems in 
this field: an ape wielding a stick to obtain an out-of-reach 
banana.

(p.70) 1. The problem

An ape named Megan spies one of us (probably Danny) placing 
a banana outside her enclosure, just beyond her reach. 
Megan’s interest in this inanimate object is immediate and 
obvious. We shall have little to say about the nature of this 
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attraction, other than to assert that for Megan, an ape, there 
is something ineffably attractive about a banana (for a more 
well-articulated view of the nature of the relationship between 
the ape and the banana, see Köhler, 1921).

In any event, as we hide behind a tree, we covertly observe 
Megan striving to grasp the banana. Alas, the gap between her 
hand and the banana is too large. Megan cannot obtain the 
banana solely by the gifts of her anatomy. Her attempts to 
obtain the banana dwindle. Oh, perhaps there are still 
occasional sidelong glances, an intermittent wistful reach, but 
there is an obvious air of resignation in her eyes.

But now we capricious humans return and add a new element 
to the problem: a stick. Behold the change! Hope begins anew. 
We scarcely make it back to our hiding post before Megan has 
extended the stick and is thwacking away at the banana.

Why the sudden change in Megan’s behavior? At the very 
least, it is clear that Megan understands the utility of the stick 
for obtaining the object of her desire. As we watch her using 
the stick to draw the banana within reach, we imagine her 
innermost thoughts: “Ha! With this stick I can bridge the 
otherwise ineliminable chasm separating the tips of my fingers 
and the luscious fruit that otherwise torments me inside 
Povinelli and Penn’s Gedankenexperiment.”

But are Megan’s inner musings even more profound? Today’s 
animal alchemists seem to believe so. Most comparative 
psychologists studying chimpanzees using tools seem to 
believe that apes everywhere possess an even more abstract, 
theory-like understanding of the world, including 
representations such as 〈force〉, 〈size 〉, and 〈space〉. But 
let’s return to Megan’s enclosure and watch how she behaves 
when we change the problem ever so subtly.

We place a fresh banana outside her enclosure, but enrich the 
problem space by removing the stick and replacing it with two 
new sticks—one floppy, one stiff and rigid. The floppy tool is of 
roughly the same length and thickness of the rigid tool, but 
upon being lifted from the ground, it droops, as if sadly aware 
of its unsuitability for the fruit retrieval problem. We 
demonstrate the intrinsic properties of each tool to Megan by 
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Figure 4.1  The public’s imagination of 
Megan (a) sucking her thumb after a 
particularly hard intelligence test, and (b) 
overjoyed after the answer dawns on her.

waving them around in front of her with great theatricality, 
and then banging each against the ground, so that she can see 
and hear the resounding clack of the rigid stick banging 
against the cement floor and the embarrassed, dull whop of 
the floppy rubber strip.

We place the two tools on the ground in front of Megan, 
carefully straightening out the floppy rubber strip as she 
watches so that both tools look superficially similar. Then, as 
we crouch behind our blind, we watch as Megan chooses 
between the two tools. She gingerly touches both, sniffing her 
fingers after each touch, and then lifts the floppy tool and 
extends it toward the banana. Megan flails away for quite 
some time, but, eventually, she drops the floppy tool and 
saunters away. To us, she appears disgusted with the entire 
situation—or at least the two of us (see Figure 4.1a). But then, 
without warning, she suddenly leaps up and knuckle-shuffles 
straight over to the rigid stick, picks it up and with great 
aplomb extends the stick towards the banana. Within a few 
seconds Megan is contentedly munching her just desert, skin 
first, followed by the flesh (see Figure 4.1b). (p.71)

Megan’s initial 
mistake was no 
fluke: the peer-
reared and 
human-
enculturated 
chimpanzees 
we have tested 
consistently 
choose 
between floppy 
and rigid tools 
at random on 
their initial 
trials (see 
Povinelli, 2000; 
Vonk & 
Povinelli, in 
press).2

Of course, chimps are no fools. Eventually, after several 
attempts, they learn to select the rigid stick and avoid the 

Figure 4.1  The public’s imagination of 
Megan (a) sucking her thumb after a 
particularly hard intelligence test, and (b) 
overjoyed after the answer dawns on her.
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embarrassment of waving a floppy strip of rubber at an out-of-
reach banana. In fact, depending on how the problem is 
presented to her, Megan may not expend much effort with the 
floppy tool. Does this mean she has finally grasped something 
of the unobservable principles that shape the universe in 
which we live? Or have she learned a more prosaic lesson: 
e.g., when confronted by the choice between a rigid and floppy 
tool for obtaining an out-of-reach object, choose the rigid one.

The challenge that comparative psychologists face is this: 
when chimps (or crows, for that matter) learn to solve tool use 
problems such as this, are they reasoning about more than the 
perceptually apparent dimensions of objects and the way in 
which their own bodily actions affect the world?

This is where we part company with most of our colleagues. 
There is no doubt in our minds that chimps learn about what 
they can see, hear, sniff, and touch. They learn how (p.72)

their bodies can act on objects in the world. They grasp the
causal nature of their own goal-directed actions (see Povinelli,
2000, Chapter 12; Penn & Povinelli, 2007a, 2009). Thus, 
depending on their experience, they will come to understand 
the unsuitability of a floppy tool. But they do so only darkly. 
We see no evidence—and indeed, find much evidence against 
the idea—that chimps think about floppiness, or anything else 
about the world, in terms of the lofty, abstract principles of 
physics that entrance humans from a tender age. In fact, we 
see no evidence that chimps understand causal relationships 
in a diagnostic, theory-like manner. In a word, we don’t 
believe that chimps ever ask, “Why?”3

But our view is in the distinct minority. Most of our colleagues 
believe either that (1) chimps are limited to keeping track of 
the association between arbitrary stimuli in the world and 
employing inflexible “behavioral rules” in a reflexive fashion; 
or (2) chimps possess a profound understanding of the inner 
workings of the world, equivalent to that of a preschool-aged 
child.

One thing, at least, is clear. In order to make progress on this 
matter, the debate needs to progress beyond the language of 
our intuitions. So let’s investigate Megan and her banana a bit 
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closer and see whether we can’t lay out some “cognitive 
axioms” that we can all agree on. Having done that, we may be 
in a position to identify more precisely where particularly 
contentious issues arise between our view and those of our 
eminent colleagues. If we’re successful, we’ll have done a 
great service to the field of comparative psychology by 
elucidating precisely where agreement breaks down.

From there, we can explore what remains to be debated and 
investigated.

2. Some axioms about minds that wield sticks to 
retrieve bananas

Let’s start with an assertion we think most psychologists 
studying tool use in animals would find unobjectionable:

Axiom 1: Humans and chimpanzees (along with many 
other animals) are cognitive creatures.

These days, this seems to be the consensus view in 
comparative psychology. After all, this axiom merely asserts 
that humans and many, many animals form representations of 
the world in their central nervous system and, in particular, 
their brains. Not many would challenge the idea that we need 
to assume the existence of neural representations (p.73) that 
mediate sensory input and motor output in order to fully 
explain the behavior of many animal species.

So let’s make a slightly richer assertion—but only slightly so:

Axiom 2: Humans and chimpanzees (along with many 
animals) excel at forming mental representations of 
perceptual relationships.

By this, we simply mean that the brain generates states that 
carry information about the relationship between the 
observable features of objects and events in the world, and 
that these representations often shape the animals’ 
subsequent behaviors in an adaptive fashion. Animals form 
such representations about innumerable relationships, ranging 
from spatial and temporal relationships to statistical patterns 
in others’ behavior.
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Again, because this statement is fairly uncontroversial,4 let’s 
quickly move on to a third axiom:

Axiom 3: Much human and animal behavior, including 
problem-solving with tools, is mediated by first-order 
relational reasoning (with the support of non-cognitive 
aspects of the organism such as perception-action loops 
and reflex arcs).

By “first-order relational reasoning,” we simply mean the 
ability to treat certain relations differently than others when 
making inferences about the world. For example, all 
vertebrates, at least, are capable of reasoning about causal
relations in the sense that they are sensitive to many of the 
abstract features common to all causal relations (e.g., 
temporal priority, causal directionality, Michottean principles 
of causality, causal power) and treat causal relations 
differently from other kinds of relationships (e.g., from mere 
correlation or association; see Penn & Povinelli, 2007a). The 
same can be said about particular learned relations: an animal 
who learns one instrumental relation (“choose the longer stick 
to get the out-of-reach food”) does not confuse it with a 
different instrumental relation (“choose the heavy stone to 
crack the open the nut”).5

An example will be helpful. Consider Megan after she has 
learned to use a stick to retrieve an out-of-reach banana. What 
kinds of perceptual representations and relations are available 
to her? We contend there are many. To pick just a few, Megan 
must represent her hand, the stick, and the spatial relations 
between her hand, the stick, and the banana. She must also 
represent the “contact/co-varied motion” relation between the

(p.74) stick and the banana. Finally and most importantly, she 
must represent and reason about the peculiar causal relation 
between all of the above and her goal of obtaining the reward.

Why do we insist on the presence of such representations and 
relational reasoning? We do so because there is abundant 
evidence that chimpanzees do in fact: (1) represent the 
reaching space around their body; (2) represent the 
appropriate length a stick needs to be in order to contact the 
objective; and (3) understand the causal relationship between 
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all of the above. Consider the following, well-established 
empirical facts:

• If a banana is within reach, Megan will ignore a nearby 
tool (see for example, Povinelli et al., 2010). A chimp does 
not merely associate the act of picking up a stick with 
obtaining a reward. She understands the context in which 
the stick is causally relevant.

• Megan will ignore features of a stick that are unrelated to 
the dimension that she learned was relevant to solving a 
given problem. For example, in learning to use a stick to 
retrieve a banana, she will not be at all fazed when the 
thickness or color or texture of the stick is changed, so long 
as the “contact” relation is maintained (see Hauser, 1997; 
Povinelli, 2000). Notice that from a purely statistical point 
of view, there are innumerable perceptual features that are 
correlated with success but are entirely irrelevant from a 
causal point of view.

• When given a choice between a stick that is too short and 
a longer stick, Megan will choose the longer stick (Povinelli
2000, Exp. 15–17; Manrique et al., 2010).

• Megan can freely substitute any goal object (banana, 
apple, a second stick, a wayward wrench) into the relation 
(Povinelli, 2000).

Corollary to Axiom 3: Some problems involving 
perceptual relations will be easier to solve than others.

We present this as a corollary to Axiom 3, both because to us 
it follows obviously from what we have already accepted, and 
because it is a fact that is almost universally overlooked and 
therefore a source of much confusion. If an animal’s brain is 
predisposed to pick out certain perceptual relations among 
others, then some perceptual relations will be detected and 
utilized faster and more flexibly than others. In fact, it could 
not be otherwise. As numerous researchers have pointed out 
(see, particularly, Clark & Thornton, 1997), without an entire 
toolbox of heuristics, biases, and tricks, biological cognizers 
would be faced by an unintelligible morass of spurious 
correlations. Every organism must be endowed with a panoply 
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of tricks, ploys, and heuristics in order to pay attention to and 
represent those relations that matter. Which relations are 
these likely to be? Precisely those that have been useful across 
the evolutionary history of a given species, genus, family, etc.

As a case study, consider the chimpanzee’s understanding of 
physical contact between two objects (see Povinelli, 2000). 
Because this perceptual relation is so primary to the everyday 
socio-ecology of chimpanzees, this relation is both readily 
detected and readily available for use in problem-solving. 
Indeed, there is ample evidence that contact between two 
objects (particularly a tool and a reward) is sufficient to cause 
a chimpanzee (or cotton-topped tamarin for that matter) to 
expect that the two objects will move together (see Hauser
1997; Povinelli, 2000). So, for example, when Megan is 
confronted with a situation in which an out-of-reach apple is 
resting on top of a cloth versus a second out-of-reach (p.75)

apple that is resting near (but not touching) a cloth, she will 
invariably pull the cloth on which the apple is resting. At the 
same time, she will choose randomly between an apple that 
rests on top of a cloth versus one that has a cloth draped over 
it. Numerous other examples suffice to make the point (see 
Povinelli, 2000).

But surely a cloth that is under an apple versus a cloth that is 
draped over an apple are both amenable to immediate 
perceptual inspection, and both (according to Axiom 2) can be 
represented by the chimpanzee’s brain and used in problem-
solving. Why, then, does Megan not select the correct option?

In fact, she will—with enough feedback.

We hypothesize that contact is a privileged relation, one 
tightly canalized in Megan’s epigenesis. We further speculate 
that this relation will be one of the bedrock perceptual 
relations used by Megan in all such simple problem-solving 
situations (for empirical evidence supporting this speculation, 
see Povinelli, 2000). In contrast, the evolutionary history of 
her species has not placed an emphasis on “on-top-of” versus 
“under.” These perceptual relations—perhaps because they 
both equally instantiate “contact”—will be relations of less 
immediate utility to her. These are ones that must be formed 
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through repeated experience—indeed, competing against the 
presumed sufficiency of contact alone (see Premack, 1976, for 
one training regime to teach apes “on-top-of” versus “under”).

Thus, repeated failure to retrieve the apple by attending solely 
to contact will lead Megan to seek out other perceptual 
relations that might be more relevant. Eventually she will 
learn to pay attention to relations such as “on-top-of” and 
“under” (see Povinelli, 2000). Of interest, however, is the fact 
that other, irrelevant perceptual relations (e.g., the shape of 
the cloth) will still compete for her attention when the 
situation is slightly re-arranged, leaving a curious hodgepodge 
of response profiles among individual animals (see Povinelli,
2000, Exps. 21–23).

3. Work that only a human mind can perform

Having established the vast amount of work that simple, 
relational-based reasoning can perform in both humans and 
chimpanzees, we now add a final axiom to our cadre:

Axiom 4: Humans (at least) use additional, second-order 
(and higher) relational reasoning to assist in at least 
some problem-solving.

Recall what is uncontroversial: avoiding a trap, retrieving a 
banana with a stick, choosing a long stick versus a short stick 
all can occur without the activation and/or interaction of any 
higher-order representations. This is true for both humans and 
chimpanzees. Folk or theoretical representations like
〈weight〉, for example, are not required to learn that when a 
cloth is pulled only a banana that rests on top of it will move. 
But then, the same can be said about constructs such as
〈space〉 and 〈time〉 (which, from an omniscient point of 
view, are also involved in the problem of retrieving the 
banana).

We need to pause for a moment. One of the most pervasive 
myths hanging over contemporary comparative psychology is 
the idea that an animal understands and knows about 
principle or concept if he or she acts in such a way that makes 
use of that principle or concept. For example, innumerable 
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researchers have claimed that animals (and children) possess
(p.76) a higher-order, structural representation of 〈support〉 

because they pull on a cloth that is supporting an out-of-reach 
reward. In fact, nothing could be farther from the (cognitive) 
truth. One of the founding missions of the cognitive revolution 
in psychology was to do away, once and for all, with the 
idealism postulated by our commonsense, folk psychology. As 
Daniel Dennett (2009) recently quipped in reviewing Alan 
Turing’s contribution to the cognitive revolution: “to be a 
perfect and beautiful computing machine, it is not requisite to 
know what arithmetic is” (p. 10061). Pulling on a cloth to 
retrieve an apple sitting on top of that cloth does not in the 
least imply that the animal in question understands the higher-
order, structural relation of 〈support〉 or the causal principle 
of 〈gravity〉. It merely suggests that the animal can make 
useful inferences about how to achieve its goals based upon 
the difference between reward-in-contact-with-tool
relations from reward-not-in-contact-with-tool relations. 
Attributing more than this to animals on the basis of this 
experiment alone is a paradigmatic case of cognitive alchemy.

Now, in addition to the fundamentally perceptual and 
embodied representations employed by chimpanzees and 
other animals, we suggest that humans engage in a very 
peculiar kind of reasoning: one that involves representing and 
reasoning about the relation between relations—i.e., higher-
order relational reasoning. As a result of this most peculiar 
ability, we humans possess, form, and even sometimes use 
representations of 〈weight〉 in our problem-solving (see 
Axiom 4).6

One knee-jerk reaction to this assertion could be the following: 
“How do you know humans ever solve problems by employing 
higher-order relations in the real world?” Although there are 
many things to be said about this reaction, we focus on two. 
First, some/much/most of the time humans undoubtedly solve 
problems without recourse to these higher-order variables 
(see Povinelli, 2000). Second, humans manifestly exhibit the 
ability to reason about higher-order relations. One of the many 
consequences of this is the ability to reason about observable 
variables. And from ghosts to gods to gravity, there is 
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overwhelming prima facie evidence that in our language, in 
our mathematical notional systems, and in both our scientific 
and folk thinking, humans represent things that cannot be 
observed and things that do not exist. The way in which we do 
this is culturally constrained, but it is a universal feature of 
human cognition. But let us be clear: it is not at all obvious
when human problem-solving recruits such variables and 
when it does not, nor is it clear the amount of causal work 
such mental constructs perform when the human cognitive 
system does, indeed, invoke them, not to mention what age 
this ability comes online (see, for example, Povinelli, 2000, 
Chapter 2).

Notice that, up to this point, we have made no direct assertion 
about whether chimpanzees or other animals also possess 
these same higher-order abilities. Axioms 1–3 only assert what 
chimpanzees possess, not what they lack. Axiom 4 only asserts 
some additional capacities present in humans. It is at this 
juncture, we believe, that we reach the (p.77) limit of 
widespread agreement. We must therefore break away from 
axioms, and ask: If everything we have just said is more or less 
axiomatically true, what remains for dispute?

As it turns out, quite a bit.

4. Our (only) controversial move

Here is the first controversial statement of this manuscript:
only humans are capable of second-order relational reasoning, 
and only humans, therefore, have the cognitive machinery that 
can support higher-order, theory-like, causal relations like
〈time〉, 〈space〉, 〈gravity〉, 〈weight〉, 〈intentions〉,
〈beliefs〉, 〈perceptions〉, 〈emotions〉, and so on and so on 
and so on.

That’s a big claim. However, once we accept Axioms 1–4, 
certain alternative theoretical positions about Megan’s mind 
become indefensible (e.g., that her brain is not a “cognitive” 
organ or that her brain only learns “inflexible” rules). We 
therefore offer a warning: any scholar who accuses a 
colleague of defending such a position cannot be taken 
seriously. Such a scholar is railing against strawmen. 
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Unfortunately, this has been the tactic of choice by several 
prominent scholars who have severely mischaracterized our 
functional-level “behavioral abstraction hypothesis” and our 
representational-level “relational reinterpretation 
hypothesis” (see Table 4.1). More about these strawmen in a 
moment.

Why are such positions indefensible? Axioms 1–3 allow for 
Megan to have many perceptual relations stored in the neural 
networks of her cerebral cortex. Importantly, the 
representations stored in those networks rarely create 
dichotomous variables (e.g., “any contact” versus “no 
contact”). Initial starting conditions or learning will endow 
Megan with the ability to keep track of gradations of contact 
(“a lot” versus “a little”) or the spatial geometry of contact (“in 
front of” versus “behind”). Likewise, Megan can learn to 
represent the amount of perceptual contact an object must 
have with a resting surface before it topples (see, e.g., 
Cacchione & Krist, 2004).

Megan is, therefore, indisputably capable of goal-directed, 
relational reasoning (Povinelli, 2000; Penn et al., 2008).

Having said that, not all the perceptual relations present in 
the world or embodied in Megan’s visual system need be 
readily available to her central processing system (see

Table 4.1 A sampling of strawmen caricatures of 
our models a of chimpanzee intelligence

Strawman Source

1. They are a form of 
 “modified behaviorism.”

Tomasello et al. (2003)

2. They require chimps to be 
“inflexible” perceptual cue 
learners.

Hare et al. (2006)

3. They require chimps to be 
“arbitrary” perceptual cues 
learners.

Seed & Call (2009)
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Strawman Source

4. They require chimps to be 
nothing more than 
“behavioral rule learners.”

Tomasello & Call (2006)
Call & Tomasello (2008)

5. They only invoke 
“behavioristic principles of 
learning.”

Tomasello & Call (2006)

6. They make chimpanzees 
look just plain dumb.

Anonymous

(a) These models include the functional-level behavioral 
abstraction hypothesis (Povinelli & Vonk, 2004) and the 
representational-level relational reinterpretation hypothesis 
(Penn et al., 2008; Penn & Povinelli, 2009).

(p.78) Povinelli, 2000, pp. 304–5)—a fact typified by the ridiculous 
(to our eyes) mistakes she makes on Wolfgang Köhler’s famous box-
stacking experiments (see Figure 4.2).7 To be (p.79)  
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Figure 4.2  Köhler’s (1917) box-stacking 
experiments. Although this photograph is 
frequently displayed as a visual depiction 
of the chimpanzee’s capacity for insight 
learning, Köhler himself was quite 
emphatic that chimpanzees do not learn 
to stack boxes through insight. See 
footnote 4.

sure, these 
mistakes only 
look ridiculous 
to a mind that 
has the ability 
to represent
〈support〉 as 
an abstract 
causal 
principle in the 
first place—
which may 
partly explain 
why her 
conspecifics do 
not laugh when 
they see her 
engage in such 
laughable 
antics.8 Thus, 
although 
Megan’s 
central 
perceptual 
relation of 
“contact” 
serves as an 
excellent 
springboard 
into the slow 
discovery of 
other 
perceptual 
relations, there 
is abundant

(p.80)

evidence that 
she does not 
augment these 
relations with 
any understanding of the more abstract, higher-order constructs 
that we humans sometimes use to organize a diverse array of 
perceptual stimuli—such as our human understanding of
〈connection〉 (i.e., the fact that two objects are physically 
conjoined and not simply in superficial contact with each other).

Figure 4.2  Köhler’s (1917) box-stacking 
experiments. Although this photograph is 
frequently displayed as a visual depiction 
of the chimpanzee’s capacity for insight 
learning, Köhler himself was quite 
emphatic that chimpanzees do not learn 
to stack boxes through insight. See 
footnote 4.
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Case study: the trap tube problem

Nothing illustrates our general point better than the so-
called trap tube problem. A generation of young ape 
psychologists have cut their teeth either working on or 
reading about this problem (see Figure 4.3). Indeed by 
the amount of energy devoted to it, one would think the 
task must have a special power to settle the central 
disputes of comparative psychology.

Unfortunately, it doesn’t.

Solutions to the many variants of the trap tube problem 
require, in the end, no more than reasoning about a set 
of perceptual relations. After all, many species (including 
crows) can learn to avoid the trap when it is in the 
“down” position, and some can even learn to ignore the 
trap when it is in the “up” position (see Visalberghi & 
Limongelli, 1994; Limongelli et al., 1995; Povinelli, 2000; 
Seed & Call, 2009). What striking about this task, 
however, is that it is so hard for primates to learn—
especially in contrast to the ease with which corvids 
learn it (see Seed et al., 2006).

Even when the trap tube task is made easier for apes (by 
letting the subjects pull the reward rather than push it), 
the handful of successful apes cannot take the obvious 
next step: “Interestingly, even after they had mastered 
the modified trap-tube task, they were still unable to 
solve the original trap-tube task … that required them to 
push the reward out of the tube” (Mulcahy & Call, 2006, 
p. 197). Furthermore, once they master one trap 
situation (e.g., the trap tube problem), they show little 
evidence of transferring what they have learned to a 
logically identical, but perceptually new one (e.g., the 
trap table problem; see Povinelli, 2000, Chapters 3–4). 
Importantly, even our critics agree: “These results taken 
together with other recent studies suggest that 
nonhuman great apes may know more about the relation 
between traps, rewards and tools than previously 
thought. This
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Figure 4.3  Classic (unmodified) trap tube 
problem. (a) Apparatus used to teach a 
subject how to use a straight stick to 
poke a piece of banana out of a clear 
tube. (b) The tube is then modified so 
stick must be placed in the correct side; 
otherwise, it is pushed into the trap. 
Many primate subjects find this very 
difficult. (c) For subjects who learn to 
insert stick into the correct side, the trap 
tube is then inverted so the trap is no 
longer functional. Various manipulations 
proceed to probe whether the subjects 
understand that the trap can no longer 
affect the reward.

(p.81)

knowledge, however, may be task specific and may not easily 
permeate across tasks, perhaps due to a limitation in apes’ 
analogical reasoning abilities” (Martin-Ordas et al., 2008, p. 
430).
This latter point is especially important because 
analogical reasoning is at the heart of our theory about 
the functional-level differences between human and non-
human cognition (see Penn et al., 2008).

Now, to be sure, one can lose sight of these facts by 
toiling over details of how the size of the trap affects the 
learning rate, how the speed to solution varies 
depending on whether a tool is used to push vs. pull the 
reward, or what happens when one tool is used versus 
two. All of these are of important interest to the 
parametrically minded comparative psychologist (e.g., 
Seed & Call, 2009). But none of this should obscure the 

Figure 4.3  Classic (unmodified) trap tube 
problem. (a) Apparatus used to teach a 
subject how to use a straight stick to 
poke a piece of banana out of a clear 
tube. (b) The tube is then modified so 
stick must be placed in the correct side; 
otherwise, it is pushed into the trap. 
Many primate subjects find this very 
difficult. (c) For subjects who learn to 
insert stick into the correct side, the trap 
tube is then inverted so the trap is no 
longer functional. Various manipulations 
proceed to probe whether the subjects 
understand that the trap can no longer 
affect the reward.
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fact that the trap tube problem can be solved by 
processing first-order perceptual relations alone. There 
is nothing about this problem that requires a mind that 
deploys abstract causal constructs such as 〈gravity〉,
〈force〉, or 〈support〉. Povinelli (2000):

We have devoted two chapters of this volume to 
understanding how chimpanzees reason about [the trap 
tube and trap table] tasks … Reflecting on the results … 
it seems clear that chimpanzees will uncover the 
regularities inherent in such simplistic problems … 
[R]egardless of whether chimpanzees make theoretical 
interpretations (i.e., causal judgments) about these kinds 
of situations, they nonetheless certainly reason about the 
causally-relevant features of such situations. (p. 147)

Even Mulcahy and Call (2006) are only willing to state 
that their results with the trap table suggest their apes 
“understood the relation between the position of the trap 
and its effect on a displaced reward” (p. 197). 
Translation: “This task only provides evidence that 
Axioms 1–3 are true—namely, that Megan possesses 
cognitive abilities about which there was no dispute.”

But wait: if no causal constructs (such as 〈gravity〉) are 
involved in solving the trap tube problem, then why has 
this problem (and related ones) commanded so much 
attention from comparative psychologists?9 Furthermore, 
if it’s all just a matter of perceptual representations and 
first-order relational reasoning, they why is the problem 
so difficult for chimpanzees to begin with–and why do 
they exhibit so little transfer between learning how to 
solve the problem when the reward is pulled versus 
when it is pushed?10 Furthermore, why do they show 
little (if any) evidence that what they learn on the trap 
tube task generalizes to a logically analogous trap table 
task? More curious still, why do crows find all of this so 
easy to learn?

We derive the following two conclusions from these 
considerations. First, any organism with the relevant 
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sensory systems, given enough time and feedback, will 
eventually solve just about any problem whose 
dimensions can be represented in terms of perceptual 
relations—provided that (p.82) the heuristics and biases 
with which evolution has endowed them point them in 
roughly the right direction.11

Second, the amount of time and feedback (read: number 
of experimental trials) needed to reach a stable solution 
will vary dramatically as a function of the availability of 
the relevant perceptual representations, the heuristics 
and biases with which the particular species has been 
endowed, and how many other “neighboring” perceptual 
representations are competing for the organism’s 
attentional resources.

However—and this is a big “however”—if non-human 
animals like Megan do not possess a cognitive 
mechanism for forming higher-order constructs such as
〈connection〉 she will be left to search through the 
space of available perceptual relations, tracking and 
eventually relying upon the ones of highest utility. Thus, 
if chimpanzees lack specific abilities that we all agree 
are present in humans (see Axiom 4), this would neatly 
explain why problems that appear “easy” to the cognitive 
psychologist require animals to iterate through a large 
number of possible solutions in a trial-and-error fashion. 
Because they have no higher-order variables to organize 
perceptually disparate stimuli, their sensory systems 
must learn to pick them out from the information 
streaming in from the real world.

Again, we do not offer any of this axiomatically, but 
rather as a series of hypotheses to be tested (e.g., do 
chimpanzees reason about 〈weight〉 or 〈beliefs〉 or
〈perceptions〉?). But here is what all our work in this 
essay has been aiming at: when we test hypotheses of 
this sort, the strawmen of  Table 4.1 cannot be used as 
the alternative hypothesis because they violates already-
agreed upon Axioms 1–3.
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Elsewhere we have examined various tests of these 
hypotheses at great length and have concluded that not 
only are they not supported by the evidence, but also 
that there is a conspicuous pattern of evidence against 
them (see Povinelli & Vonk, 2004; Penn & Povinelli,
2007a, 2007b, 2009; Penn et al., 2008). Claims that our 
conclusion is flawed have been achieved by testing the 
hypotheses against the Table 4.1 strawmen.

To illustrate our analysis, let’s examine one of the latest 
claims that chimpanzees possess higher-order, theory-
like, causal relations; in this case, 〈weight〉.

5. Megan’s grasp of weight:  A sample 
controversy

If the controversial claim we made in the previous section is 
correct, chimpanzees and other animals—our companions-in-
complex-cognition—can be quite smart and be imminently 
relational reasoners and, at the same time, be limited to 
reasoning about “weight” on the basis of Axioms 1–3 
(Povinelli, in press; see also Povinelli, 2000; Povinelli & Vonk,
2004; Penn et al., 2008).

For over a decade, our laboratory experimentally investigated 
the chimpanzee’s understanding of “weight” (for details, see 
Povinelli, in press). Our central question has been whether 
chimpanzees can solve problems that seem to require a
context-independent representation of 〈weight〉.

(p.83) To begin, our investigations confirmed the obvious: 
Megan and her companions do possess a sensorimotor 
representation of  “weight.” This is virtually required by 
Axioms 1–3. For example, Megan lifts a heavy object several 
times. If the object is surreptitiously switched to a light object 
that looks identical, on her next trial Megan lifts the object 
entirely too high. Why? Her body has programmed the lift 
forces necessary to comfortably transport the heavy object. In 
this loose sense her brain carries a sensorimotor 
representation of “weight”—more precisely, her brain carries 
a representation of “effort-to-lift.”
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In contrast, Megan and her companions seem to have little 
functional understanding that a “heavy” object can do things 
that a “light” object cannot—or vice versa. To be sure, with 
sufficient experience Megan can learn to use her sensorimotor 
representations of “weight” to solve particular problems. For 
example, after hundreds of trials she can learn to use the 
different effort it takes to lift visually identical heavy and light 
balls to sort them highly reliably on the basis of their relative 
weight (Kluver 1933; McCollough, 1942; Schrauf & Call, 2009; 
Povinelli, in press). Still, afterward, she exhibits no 
understanding that a heavy ball is better suited for some tasks 
(dislodging an apple from a ramp) than a comparable, but 
ridiculously light object. This state of affairs can be neatly 
predicted from Axioms 1–3. Thus, the most parsimonious way 
of interpreting these data is that chimpanzees are solving each 
new functional problem (problems centered around what we 
would call 〈weight〉) by using first-order relational reasoning 
alone.12

Fortunately for us, this view has recently been challenged by 
Hanus and Call (2008), who propose that chimpanzees do 
indeed have the ability to represent 〈weight〉. We say 
“fortunate” because this offers us an opportunity to assess the 
empirical and theoretical merits of a view different from our 
own.

Hanus and Call (2008) used a simple balance with an opaque 
cup on either end (see Figure 4.4). An experimenter showed a 
slice of banana to the chimpanzee. Next, the experimenter put 
the banana slice behind their back, shuffling it between hands 
to confuse the chimpanzee. Finally, the experimenter brought 
both closed hands to the front, simultaneously placed a hand 
into each cup, surreptitiously depositing the banana slice into 
one of them. The balance immediately lowered on the side 
where the banana slice had been placed. Most of the 
chimpanzees immediately exhibited a strong preference to 
look inside the cup on the side of the balance that went down.

Selecting an altogether unlikely hypothesis (derived from 
position “3” of Table 4.1), Hanus and Call (2008) sought to 
rule out that possibility that the chimpanzees simply preferred 
searching in lower cups. As a test, they devised a “wedge” 
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Figure 4.4  Balance apparatus and 
procedure of Hanus and Call (2008). (a) 
Subject is shown a chunk of banana by an 
experimenter. (b) After placing the 
banana chunk behind his back and 
switching it from hand to hand in a sort 
of out-of-sight shell game, the 
experimenter places both closed hands 
into cups. (c) After opening both hands, 
the balance falls to the side with the 
banana chunk inside. Reprinted from
Current Biology, 18 (9), Daniel Hanus 
and Josep Call, Chimpanzees infer the 
location of a reward on the basis of the 
effect of its weight, R370-R372, © (2008), 
with permission from Elsevier.

apparatus in which there was always a high cup and always a 
low cup. The high and low cups were baited as before. 
However, here, unbeknownst to the chimpanzee, the 
experimenter always placed the food in the lower cup. The 
chimpanzees had a much harder time learning to select the 
lower cup—even though the food was placed there on every 
trial. Hanus and Call use this result to take a good whack at 
Strawman no. 3 (see Table 4.1). (p.84)

Finally, Hanus 
and Call (2008) 
decided to rule 
out the 
possibility that 
chimpanzees 
were simply 
attracted to 
the downward 
motion of the 
cup. To this 
end, they 
created a “non-
causal” 
balance. Here 
the 
experimenter 
baited the 
regular 
balance 
apparatus 
(except it was 
rigged to stay 
stationary until 
the 
experimenter, 
4 seconds 
later, pushed 
down one side 
with their 
hand). Here, 
the apes chose 
at random. The 
experimenters 
concluded that the best hypothesis was that chimpanzees are 
reasoning about 〈weight〉 as a causal property of the banana.

Figure 4.4  Balance apparatus and 
procedure of Hanus and Call (2008). (a) 
Subject is shown a chunk of banana by an 
experimenter. (b) After placing the 
banana chunk behind his back and 
switching it from hand to hand in a sort 
of out-of-sight shell game, the 
experimenter places both closed hands 
into cups. (c) After opening both hands, 
the balance falls to the side with the 
banana chunk inside. Reprinted from
Current Biology, 18 (9), Daniel Hanus 
and Josep Call, Chimpanzees infer the 
location of a reward on the basis of the 
effect of its weight, R370-R372, © (2008), 
with permission from Elsevier.
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The conceptual flaw of this experiment becomes glaringly 
apparent within the framework of Axioms 1–3. After all, Hanus 
and Call (2008) acknowledge that Megan can solve the 
balance problem without a representation of 〈weight〉. In 
other words, they acknowledge that downward motion would 
be a sufficient reason to look under the cup (i.e., “select the 
cup that immediately moves down after the experimenter puts 
his hand inside it”).13 The puzzle in analyzing their experiment 
is why, after accepting (p.85) this obvious truth, they then 
created the “non-causal” balance condition—a situation that 
removes the very perceptual features upon which any solution 
depends. Regardless of whether she has a representation of
〈weight〉, why would Megan, armed with her well-earned 
perceptual representations of the world (including Michottean 
causality), think for a moment that a cup that moves 
downwards 4 seconds after being touched contains a reward? 
She wouldn’t. Thus, her failure to select a cup that moves 
downwards 4 seconds after having been baited shows that she 
is finely attuned to the typical spatial-temporal relationship 
between causes and their effects, but it in no way suggests 
that she was using an abstract causal understanding of
〈weight〉 to solve the original problem.

6. Through a floppy tool more clearly

We return now to our initial problem: an ape wielding a stick 
to retrieve a banana. Megan deploys her stick in the direction 
of the banana in order to establish an evolutionarily favored 
first-order perceptual relation: contact. Megan is nonetheless 
confused as to why the same relation (contact) does not work 
equally well when she deploys the floppy tool. But Megan’s 
visual system can register the perceptual information from 
which humans build the causal notion of 〈floppiness〉. Thus, 
with sufficient experience Megan will build a new perceptual 
representation and feature it in succeeding goal-directed 
relations that will support her expertise in retrieving objects 
beyond her reach. As we have seen, however, Megan’s 
progress will appear limited when compared to a mind that 
can represent 〈floppiness〉 across a potentially infinite 
number of contexts—i.e., a mind that forms abstract causal 
variables freed from perceptual details.
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To be terribly politically incorrect, that’s why Megan’s 
behavior sometimes appears so comical. To a mind like ours—
one steeped in folk-causal variables such as 〈force〉 and
〈floppiness〉—it appears as if Megan apprehends the solution 
space only dimly. Her ability to productively extend what she 
has learned in one set of perceptual relations (pulling with a 
floppy tool) is unlikely to immediately extend even to another 
(for example, pushing with a floppy tool).

Less metaphorically, it isn’t that Megan apprehends the floppy 
tool dimly; she only apprehends it at face value.

In contrast, the human mind sees 〈floppiness〉 everywhere: 
in pliable tubes, in rigid sticks held together by springs, a 
smidgen of cloth torn from a blanket—even a politician’s 
decision-making process. Among other things, this gives us the 
power both to solve many of the same problems a chimp can 
solve (albeit sometimes orders of magnitude faster) and to 
recognize and label 〈floppy〉 things and situations even when 
no immediate problem presents itself. Although beyond the 
scope of this paper, we acknowledge to any worried reader 
that we are fully aware that this distinctively human ability is 
both a blessing and a curse. Although we may laugh at 
Megan’s initially inept use of a floppy tool, in surveying our 
use of higher-order variables to build guns, catapults, torture

(p.86) devices, and atomic bombs, her species might have the 
last laugh. That is, if they could appreciate irony—which, on 
our theory, they cannot.

7. End animal alchemy now

The cognitive revolution has come slowly to comparative 
psychology—and reluctantly. And with a strong behaviorist 
rear-guard, as well. What else could explain the strange 
stalking of strawmen that remains so prevalent among its 
practitioners? Comparative psychologists seem lost without 
their behaviorist enemy.

But it’s time to recognize that the strawmen of Table 4.1 grew 
moldy and rotted on their stakes long ago. Oh, a few of them 
are still hanging around, slumped over, sadly staring at their 
missing legs, their heads plucked apart by crows and ravens 
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(and even a dolphin or two). But they are not a part of the 
controversy among scholars who accept Axioms 1–3.

And so it’s time to stop propping up and re-stuffing the 
strawmen. They only obfuscate the central questions that 
should now dominate the discipline:

(1) Is there any evidence that chimpanzees and other 
animals engage in second-order relational reasoning?
(2) Is there any evidence that animals represent 
abstract causal principles?
(3) Is there any evidence that animals engage in 
diagnostic causal reasoning?

Comparative psychologists need to abandon tests that have no 
hope of sorting out whether such machinery and folk concepts 
populate the animal mind, and focus on ones that do. 
Fortunately, such diagnostic tests already exist (see Povinelli 
& Vonk, 2004; Penn & Povinelli, 2007b; Penn et al., 2008, see 
Appendix 1)—and we are optimistic that more can and will be 
developed soon.

It’s time to get on with implementing them.
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Notes:

(1) As elsewhere, throughout this manuscript when we intend 
a term to be taken as referring to a higher-order 
representation such as “force” that can be deployed 
independent of the perceptual elements involved, we denote it 
as 〈force〉.

(2) Several researchers (working with species ranging from 
apes to monkeys to crows) have recently claimed to have 
obtained evidence contradicting our floppiness findings with 
Megan and her peers (Furlong et al., 2008; Kacelnik et al.,
2006; Manrique et al., 2010; Santos et al., 2006). Elsewhere, 
we have addressed these empirical claims in great detail and 
have shown them to be extremely weak (see Povinelli & Vonk, 
in press). We have chosen not to include these details here 
because floppiness is simply a metaphor, not one of our 
central case studies; see below. Here we simply note that 
these data either (1) do not contradict our results or our 
theoretical account (i.e., see Axioms 1–3, below) or (2) actually 
provide persuasive evidence that our position is correct (see 
Povinelli & Vonk, in press). Just as an example, Manrique et al. 
(2010) show that apes who learn to use a rigid as opposed to a 
floppy tool for retrieving an out-of-reach reward are 
remarkably poor at transferring to a related task involving 
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pushing a tool through a bent tube—a task where the rigid tool 
is obviously the wrong answer.

(3) We maintain that asking why certain perceptual relations 
hold true is tantamount to seeking explanations for the 
phenomena in question. We believe this entails understanding 
that there are variables (folk or otherwise) that unify many 
perceptually distinct relations. This is quintessential higher-
order relational reasoning. A number of years ago, we 
experimentally investigated this issue by confronting 
preschool children and chimpanzees with a simple game in 
which they were required to stand up ⎡-shaped blocks on a 
table (see Povinelli & Dunphy-Lelii, 2001). Once they knew 
how to do this, we covertly substituted a visually identical, 
sham block that would not stand up (because we had shifted a 
small weight off-center inside). Once it became apparent that 
this block would not stand up, children as young as three 
years of age attempted to diagnose the reason (or cause for) 
why it would not stand. They shook it, turned it over to look at 
its base, felt its base, etc. In contrast the chimpanzees simply 
continued to try to set up the block over and over again. In 
short, they never appear to investigate why the block would 
not stand up (see also Povinelli, 2000, Chapter 12).

(4) To be certain, there are cognitive scientists who might 
object to the very idea of perceptual “representations,” 
positing instead that the brain generates reliable states in 
response to perceptual stimuli. Although we cannot be as 
thorough as Euclid, we are fairly confident that even though a 
representation-phobic modification of our first axiom would 
lead to a different group of core axioms, these new axioms 
would still undermine the claim that chimpanzees possess 
“higher-order” (to be defined later) causal-informational brain 
states.

(5) Peacocke (Chapter 8, this volume) draws a distinction 
between “exploiting a rule” versus “representing causation.” 
We agree that this is a useful distinction, but to be clear, our 
position is that chimpanzees (along with most other 
vertebrates) represent causal relations as distinct from non-
causal ones (i.e., arbitrary associations invented by a 
laboratory learning theorist working with rats). However, it is 
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does not follow from this that the animals possess a folk 
concept of “causation” that can be used to explain or predict 
events not already predicable by the first-order perceptual 
relations themselves. Thus, the empirically well-grounded 
assertion that animals represent the causal nature of certain 
relations (including their own actions in the world) in no way 
implies, for example, that they are capable of diagnostic 
causal reasoning.

(6) Campbell (Chapter 9, this volume) speculates about the 
levels of sophistication in which individuals may pick up on 
(and exploit) causal relations. He proposes that intelligent tool 
use involves keeping track of the standing properties of both 
the tool and the target and how the variable properties are 
related to each other. The ability to keep track of a variable 
property of one object (for example, a tool) in relation to a 
variable property of another object (a target) may indeed be a 
capacity that is uniquely human (see Povinelli, in press, 
Experiment 33).

(7) Köhler (1917) confronted his apes with the following 
problem: a banana nailed to (or suspended from) the ceiling of 
a room containing only a large wooden crate. The problem was 
created by the apes’ desire to retrieve the banana. The 
solution of interest to Köhler was the apes’ ability to learn to 
place the box under the objective, thereby allowing them 
access to the reward.

As impressed as Köhler was by his apes’ ability to solve this 
problem (sometimes immediately), he was even more 
impressed by his chimpanzees’ difficulty in solving the 
problem when the objective was placed higher, and thus out-
of-reach from a single box. Here, even his star pupil, Sultan, 
seemed bemused. At first, Sultan pushed one box beneath the 
objective, but soon realized he could not reach the objective. 
Köhler’s descriptions of  Sultan’s actions from that point 
forward will ring true to anyone who has ever observed a 
chimpanzee struggling to solve a difficult problem: “Presently 
[Sultan] took notice of the second box and fetched it, but 
instead of placing it on top of the first, as might seem obvious, 
began to gesticulate with it in a strange, confused, and 
apparently quite inexplicable manner; he put it beside the 
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first, then in the air diagonally above, and so forth.”  The other 
apes, too, approached the box stacking task as if it were an 
altogether different situation than the task involving a single 
box:

Chica tries in vain … to attain the objective with one box; she 
soon realizes that even her best jumps are of no avail, and 
gives up that method. But suddenly she seizes the box with 
both hands, holds it by great effort as high as her head, and 
now presses it to the wall of the room, close to which the 
objective hangs. If the box would “stick” to the wall, the 
problem would be solved. (pp. 156–7)

With enough experience, of course, Sultan and his peers 
learned how to stack the boxes on top of one another to reach 
the bananas. However, Köhler’s central conclusion was 
decidedly bracing: “[T]he total impressions of all observations 
made repeatedly on the animals,” Köhler noted, “leads to the 
conclusion that there is practically no statics to be noted in the 
chimpanzee” (italics in original). Even after modeling the 
correct solution for the animals (“reminding” them of the 
answer by showing them how to stack the boxes), the solution 
of placing one box on top of the other was only gradually 
incorporated into their repertoire. Köhler explains:

Adult human beings are inclined to overlook the chimpanzee’s 
real difficulty in such construction, because they assume that 
adding a second piece of building material to the first is only a 
repetition of the placing of the first one on the ground 
(underneath the objective) … [T]herefore, in the building-up 
process the only new factor is the actual lifting up. So the only 
questions seem to be, whether the animals proceed at all 
“tidily” in their work, whether they handle the boxes very 
clumsily, and so forth … [But] [i]f putting the second box on 
the first were nothing more than a repetition of the simple use 
of boxes (on the ground) on a higher level, one would expect … 
that the solution once found would be repeated…. One glance 
at the description of the experiments will show that … the 
animal does not behave then like somebody accomplishing the 
task clumsily, but like someone to whom the situation does not 
offer any definite lead toward a particular action. (p. 146)
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… [I]f you did not know that the animals see perfectly well in 
the ordinary sense of the word, you might believe that you 
were watching extremely weak-sighted creatures, that cannot 
clearly see where the first box is standing. Especially does 
Tschego keep lifting the second box over the first and waiving 
it about for some time, without either box touching the other 
for more than a few seconds. One cannot see this without 
saying to oneself: “Here are two problems; the one (‘put the 
second box up’) is not really a difficult task for the animals, 
provided they know the use to which a box can be put; the 
other (‘add one box to the other, so that it stays there firmly, 
making the whole thing higher’) is extremely difficult.” (p. 
147)

Structures grow under [the chimpanzee’s] hand, and often 
enough he can climb them, but they are structures which, 
according to the rules of statics, seem to us almost impossible. 
For all structures that we know (and are familiar with 
optically) are achieved by the apes by chance at best, and, as 
it were, by the “struggle for not wobbling.” (p. 151)

Did the apes’ haphazard constructions emerge from 
carelessness or a lack of motivation to build structures that 
were more stable? “The animals’ work may make this 
impression on a novice,” Köhler admitted, “but longer 
observation of the tireless energy which Grande displays—as 
much in pulling down well-built structures because one part 
wobbles, as in building up structures which do not statically 
balance—will convince anyone that the real explanation lies 
deeper” (p. 152–153).

The apes easily solve the problem involving one box, Köhler 
speculated, because no problem of statics is involved: the 
“homogenous and shapeless ground” effectively solves the 
problem for the ape. Here, the ape must only place a box close 
enough to the objective, but it really does not matter where, 
exactly, the box is placed. “Quite different,” Köhler observes, 
“is the problem with two boxes … since the first and second 
box do not solve [the problem] by themselves, as the first box 
and the level ground did” (p. 148). Köhler believed that the 
question of statics could only arise when two objects are to be 
put into some special relation relative to one another so that 
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gravity and transfer of force play an essential role. Once the 
problem of statics is introduced, he concluded, “the 
chimpanzee seems to reach the limit of his capacity” (p. 148).

(8) Archival footage of some of Köhler’s chimpanzees 
attempting to solve the box-stacking problems was filmed by 
Köhler’s wife, Thekla, and is now widely available. Human 
audiences invariably roar with laughter as Grande makes 
mistake after mistake, frequently crashing to the ground as 
her structure collapse beneath her. Somewhere there must be 
aliens watching films of human physicists struggling with 
string theory, laughing their you-know-what’s off.

(9) History buffs may be interested in the following question: 
why has so much attention been placed on simplifying a test 
that is not “diagnostic” for diagnostic causal reasoning? We 
are not historians, but it seems as if animal alchemists 
believed that if they could reduce the number of trials it took 
to learn the trap tube task, this would implicate the existence 
of these more advanced forms of causal reasoning. To be sure, 
the trap tube (and related) tests explore facets of a 
chimpanzees “causal reasoning” in a very broad sense (see 
Povinelli, 2000, pp. 297–316), but they are still solvable by 
first-order relational reasoning.

(10) Indeed, these authors’ conclusion is completely consistent 
with our central claim that apes are incapable of analogical 
reasoning (see the previous section “Our (only) controversial 
move”; Penn et al., 2008).

(11) Of course, some problems that seem solvable by 
perceptual-based relations may exceed the capacity limits on 
the number of relations the organism can simultaneously 
process (see Penn et al., 2008). The limits on the amount of 
relational complexity non-human animals can process is, in 
fact, the basis of our relational reinterpretation hypothesis
concerning the proximate source of the major functional-level 
differences between human and animal cognition (see Penn et 
al., 2008).

(12) If one wished to claim that chimpanzees also form higher-
order constructs such as 〈weight〉 this would still entail that 
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they possess these first-order perceptual relations. So the 
challenge, again, is to explain what additional work this 
higher-order variable is doing in the context of these studies.

(13) Note that the alchemistic interpretation would be less 
parsimonious because it requires the chimpanzees to 
represent all of that (i.e., “select the cup that immediately 
moves down after the experimenter puts his hand inside it …”) 
plus an additional variable, which does no causal work within 
the conduct of the experiment (i.e., “ … because the food has
〈weight〉”). For logical parallels with the debate over 
whether chimpanzees possess any part of a theory of mind 
system, see Povinelli and Vonk (2004) and Penn and Povinelli 
(2007b).
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