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Abstract: A cognitive study of 21 Asian elephants places a question mark on the widespread belief in their exceptional reasoning powers.  This study does so by presenting evidence that elephants (i) act as if they do not understand the nature of simple discrimination tasks, (ii) learn such tasks gradually, and, (iii) do not master such tasks as fast as rats or bees.
In 1879, J. Henri Fabre discredited the then widespread belief in the reasoning power of insects by documenting their “inflexible obstinacy.”   Insects, he concluded, “obey their compelling instinct, without realizing what they do.”  A digging wasp is exquisitely well-equipped to meet the challenges of daily life, but she is “incredibly helpless in the simplest case outside her usual habits.”  For instance, to understand that she can grab her paralyzed prey “by a leg instead of an antenna is utterly beyond her powers.”  If the head appendages of her particular prey species suddenly ceased to exist, “her race would perish, for lack of the capacity to solve this trivial problem (cf. Griffin, 2001; Nissani, 1977).

In 1898, Edward Thorndike (1911) echoed Fabre’s disapproval of the tendency to “exalt animals,” remarking that “most books do not give us a psychology, but rather a eulogy, of animals.  They have all been about animal intelligence, never about animal stupidity.”  Thorndike then applied a Fabrean design to the study of cats, dogs, and chicks, a design that, in all likelihood, would have nowadays been considered too lacking in statistical accoutrements to merit publication (Chance, 1999, p. 439; Nissani, 1995), but that, nonetheless, changed our worldview.  Thorndike placed his hungry cats and dogs in enclosures “from which they could escape by some simple act, such as pulling at a loop of cord.”  Their behavior, like the behavior of digging wasps, led him to the counterintuitive conclusion that they do not “possess the power of rationality.”  

Two of Thorndike’s lines of evidence must be mentioned here.  First, if the cats solved a problem by understanding it, one would expect them to consistently apply this understanding to subsequent trials of the same problem.  Yet, “a sudden vertical descent in the time-curve” was never observed.

Second, if placed in a box with an open hole, a hungry cat immediately crawls out of the box, thus gaining greater freedom of movement and a welcome snack.  By contrast, if the cat is placed in the puzzle box after many trials of having to pull a cord to open the hole, the cat pulls the cord before crawling out, even when the escape hole is already open.  Similarly, a cat that had learned to escape by pulling a cord, when subsequently placed in the same box without the cord, may go through the motions of pawing the air where the cord had been (Chance, 1999).

Thus, Thorndike concluded, the behavior of all animals (with the probable exception of the primates) was traceable to instincts and trial and error learning, not to reason.

Later observations with other animals produced similar results.  For instance, if a grey lag goose loses control of an egg, “the egg-rolling movement does not always break off, but it may be completed, very much as if it were a vacuum activity (Tinbergen, 1951, p. 84).  

At the moment, most (but not all, cf., Griffin, 2001; Crist, 2002) scientists would probably agree with Fabre and Thorndike that insects, chicks, cats, and dogs do not think.  But this consensus merely narrowed down the scope of the controversy, which by now is focused, for the most part, on the thinking ability of a few species (Macphail, 1982; Rogers & Kaplan, 2004).  Visalberghi’s experiments (1990), for example, led her to the conclusion that “capuchins seem to live in a world where almost every possible attempt that can be tried to solve a task may be successful.  Men, and apes, live in a world where some possibilities are discarded beforehand, because they are incompatible with their mental representation of possible solutions.”  In other words, capuchins cannot reason but chimpanzees can.  Similar conclusions have been drawn for other alleged contenders for high intelligence in the animal kingdom—cetaceans, corvids (Heinrich, 1999; Weir, 2002), and elephants (see Nissani, 2004, for a review).  

And yet, the exceptionality of each and every one of these contenders is hotly contested.  Perhaps we have failed to come up with clearcut answers because our quest has been one-sided, giving too much weight to exaltations and eulogies and too little weight to a search for  counterexamples, of the kind that revolutionized our conceptions of wasps and cats.  Of the comparatively few counterexamples that do exist for these contenders for exceptional intelligence, only two need to be mentioned here.

Köhler’s (1925) book—which tries to show that chimpanzees do think—is a rich source of such counterexamples.  In one setup, Köhler’s chimpanzees could only get bananas by removing a box.  Here was something, Köhler expected, that even his awkward chimpanzees could “do at once.”  And yet, to Köhler’s astonishment, “the chimpanzee has special difficulty in solving such problems; he often draws into a situation the strangest and most distant tools, and adopts the most peculiar methods, rather than remove a simple obstacle which could be displaced with perfect ease.” 

Contenders for high intelligence might have been expected to “do at once” the following task as well:  When faced with a choice, consistently beg from a person who can see them, not from a person who cannot (Povinelli & Eddy, 1996).  In one variation of this consciously Fabrean design, a chimpanzee faced two experimenters.  One experimenter had a bucket over her head and could not see the chimpanzee, while the other had a bucket over her shoulder and could see the chimpanzee.  In this setup, a chimpanzee was just as likely to beg from one experimenter as from the other (Povinelli & Eddie; 1996; Nissani, 2004).  In some other variations with chimpanzees and elephants, the results were indeterminate (Nissani, 2004), while in others (e.g., two people lying down, one facing the subject and one looking away; two people standing, one facing the subject and one with her back to it), both chimpanzees and elephants chose the seeing person in over 80% of the trials (Povinelli & Eddie; 1996).  But despite the uncertainties and controversies that surround this particular counterexample (e.g., Hare et al., 2000), one thing remains probable:  Depending on the task, the frequency of correct begging responses in chimpanzees and elephants ranged from 50% to 90%.  That is, in a sizable fraction of all cases, subjects chose to beg from a person who could not see them while ignoring a person who could.  These results cannot by themselves rule out thinking in chimpanzees and elephants.  But, as in the case of the wasp who will not drag its prey by a thoracic appendage, the cat pawing the air where the cord had once been, the chimpanzee who knows not how to remove an obstacle, or the chimpanzee who cannot secure a larger reward by pointing to a smaller one (Boysen & Kuhlmeier, 2001), a holistic picture of the cognition of these few contenders for high intelligence, when it finally emerges, will have to be based in part on their inability to preferentially and consistently beg from a person who can see them. 

This paper underscores the striking cognitive resemblance between elephants and Thorndike’s cats, a resemblance which runs counter to the widespread attribution to elephants of  ideation (Rensch, 1957), thinking (Gordon, 1966), insight (Williams, 1950), grief (Spinage, 1994), suicide (Gale, 1974), deception (Morris, 1986), and consciousness (Poole, 1997; see also Hoefler-Nissani & Nissani, 2004). 

METHOD

All experiments were carried out from November 2002 to March 2003, in three elephant logging camps, in central Myanmar.  Owing to primitive working conditions, the experiments necessitated simple equipment and extensive controls.  Most of these controls were concerned with the discrimination phase and will be described elsewhere. 

Owing to recurring bouts of malaria and other technical difficulties, interobserver reliability could only be assessed for some of the data.  As well, about 60% of the data for the key experiment of this paper (side placement of lids and boxes) had been recorded in video format and allowed repeated observations and analyses.  

Subjects

Twenty-one government-owned Asian elephants (Elephas maximus) served as subjects.  The youngest was 5 years old, the oldest 47, and the mean age for the entire group was 19.  The sample included 13 females and 8 males. Ten of the elephants were born in captivity and 11 were captured in the wild.  Most of the young elephants in our sample were employed as baggage elephants (transporting supplies to remote logging camps), while most of the older, bigger, elephants were employed in dragging logs.  At nights and on days off, the elephants were routinely released into the jungle to feed. 
 One of the subjects appeared to lack motivation and was dropped out of the study.  Of the remaining 20, 13 took part in the black/white lid discrimination task, 6 in the large/small box discrimination task, and only one took part in both tasks.  Fifteen elephants took part in the key experiment (side placement of a lid or a box—see below).  Of these, 10 elephants met criterion in a discrimination task, and 5 did not. 
Apparatus: Black/White Discrimination Task

All black/white discrimination tasks involved the use of one or two hard, green, plastic buckets.  Each tapered bucket was 32 cm tall, with an internal top diameter of 30 cm and an internal bottom diameter of 25 cm.  On one side of each bucket, about 10 cm from its bottom, a 10-cm hole was carved out.  Each bucket had a green, circular, 33-cm lid which was made of the same hard plastic material.  A plastic, white, semi-circular handle was attached to each lid. 
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Fig. 1.  Typical setup for black/white discrimination.  The elephant is about the remove the white lid (correct choice in her case).  Both experimenters are holding food in their right hand. 

Apparatus: Large/Small Discrimination Task

This involved two holes in the ground and 8 specially constructed teak boxes.  Each hole was 10 cm deep with a diameter of 19-23 cm.  The distance between the closed edges of the two holes ranged from 20 to 48 cm.  The surface areas of the boxes ranged from 245 to 1691 cm2.

Procedure: Black/White Lids (see supporting online materials, 1)
Subjects were first pre-trained to obtain food by removing a lid from a bucket.  At the last stage of pre-training, subjects faced two identical buckets whose closest points were approximately 50 cm apart. Following a random, pre-determined sequence, a single trainer placed a lid on top of one or the other buckets with one hand, while simultaneously placing a favorite food item inside that bucket with the other hand. 

Actual discrimination tasks involved two experimenters, two buckets, a black lid, and a white lid.  Following a random sequence, the experimenters simultaneously clapped their lid on top of their respective bucket with one hand and placed an identical food item at the bottom of their bucket with their other hand, by inserting their hand through the side hole.  If the elephant chose the correct lid, the experimenter facing that bucket withdrew his hand and left the food behind, while the other experimenter simultaneously withdrew the lid with one hand and the food with the other.  Both experimenters now waited for the elephant to toss the lid with its trunk, retrieve and consume the food.  When the subject appeared ready, the experimenters exchanged lids and proceeded to the next trial.  If the elephant lifted the wrong lid, both experimenters withdrew the food-holding hand and the food. 
Procedure: Large/Small Boxes (see supporting online materials, 2)

This protocol closely resembled the black/white protocol.  In each trial, the elephants were presented with a pair of boxes of different sizes.  
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Fig. 2: Typical setup for large/small discrimination.  Here, the subject is depicted removing the smaller box (wrong choice in his case) to obtain food in the hole below it.  Two experimenters are facing this elephant while this elephant’s handler is at the edge of the log.

Side Placement of Lid or Box (see supporting online materials, 3, 4)
This critical part took place after the elephant mastered the lid or box removal.  In some instances, the tests were conducted right after the elephant mastered the removal and before it was given the discrimination task.  In others, side placement followed hundreds of discrimination trials.  In all cases, this part involved the use of one lid or box as in the pre-training phase, but with one crucial difference:  The lid (or box) did not obstruct access to food by covering the bucket or hole, but was placed some 0-40 cm away from the edge of the bucket or hole.  That is, until this point the elephant had to remove the lid or box to obtain the food; now it could ignore the lid or box and retrieve the food from the bucket or hole directly.  A given series of side placement trials was usually preceded by one or more trials in which the lid (or box) covered the hole and had to be removed to obtain the food.
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Fig. 3.  The right side, ground, lid variation of side placement.  In this setup, the treat is placed inside the bucket while the lid is simultaneously placed alongside the bucket.  If the elephant learned a mere temporal sequence, it will continue to remove the lid before retrieving the food.  If it learned a causal sequence, it will ignore the lid and go directly to the bucket.  

RESULTS

Gradualness of Learning  

Our elephants acquired the lid and box discrimination tasks gradually.  After the elephants who mastered the lid (11 elephants) or box (3 elephants) discrimination task reached 9/10 criterion in one session, they took on average of 2.1 additional sessions (s.d. = 1.6) and 105 additional trials (s.d. = 75) to reach learning criterion.  

 Fig. 4 depicts percent correct responses of 3 typical elephants in the white+/black- discrimination tasks.  
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Fig. 4.  Gradual learning curves for three elephants (initials, ACT, MMA, TKM) in a white+/black- discrimination task.

Comparative Performance in Discrimination Tasks
A second set of observations arguing against exceptional cognitive abilities of elephants comes from comparing their performance to the performance of other animals.  First, 7 of the 20 elephants in our sample failed to master one or the other discrimination task in an average of 6.6 sessions and 332 trials (s.d., 159; range, 148 to 515).  The remaining 13 elephants, which provide 14 sets of data, reached overall learning criterion in 3.1 sessions (s.d., 2.3) and 154.6 trials (s.d.,143.4). 

A Fabrean Counterexample
The most striking evidence against reasoning in elephants comes from side placement of lids or boxes.  In this part, there was only one discrepancy between the records of two observers (when two independent sets of records were kept), which was reconciled with the help of the video record.  

Data are available for the first 5 trials for 14 elephants, the first 4 for 1 elephant, and the first 3 for another elephant, for a total of 77 trials.  In 3 trials, 3 elephants ignored the lid and went directly to the bucket or hole.  Of the remaining 74 trials, in 60, food retrieval was preceded by a full toss (of lid) or displacement (of box), in 12, it was preceded by merely touching (but not moving) the lid or box, and in 2, it was preceded by trunk movement towards the box, without coming in contact with it (see online supporting materials 3, 4). 
Few other qualitative observations tend to support the notion that our subjects did not understand the nature of the task:

1. Owing to an experimental oversight, on her first side displacement trial, one elephant had her trunk inside the bucket when the lid was placed on the ground and the food placed at the bottom of the bucket.  Yet she removed her trunk from the bucket, tossed the lid, and only then re-inserted the trunk into the bucket and obtained the food.

2.  In her fifth trial, one elephant hesitated 14 seconds, then approached the ground lid, tossed it, inserted her trunk in the bucket, and retrieved the food.

3. After another elephant tossed the ground lid in 9 successive trials with undiminished vigor, the lid was hidden from view and food was placed in the bucket in two trials; in both trials, she directly retrieved the food from the bucket.  Yet, in the next 3 trials, when the lid was re-introduced and placed on the ground, she fully tossed it and only then retrieved the food.  

4. For two elephants, the first five side placement trials involved noisily dropping the food (a piece of sugar cane) into the bucket (and not quietly inserting it through the bottom side hole).  The extra sounds had no effect: the 2 elephants either tossed the lid (9 trials) or touched it (1 trial).  

5. In one case, the elephant moved a box first so that it covered the hole, then kept moving it to uncover the hole again.  

6. Data not given here suggest that there was no difference in performance between the box and lid setups; between elephants that faced the displacement task right after they mastered box or lid removal and elephants that were given this task after many hundreds of discrimination trials; between trials where the elephants faced the lid on the ground and trials where the lid was suspended in the air alongside the bucket.

7. Nine elephants were tested beyond the first 5 trials.  In 4 elephants, with an additional number of trials ranging from 5 to 16 (mean, 8.8), no change took place—the elephants continued to remove the lid or box as they did on the first trial.  The performance of the other 5 elephants, however, improved over time.  The most remarkable improvement involved a 7-year-old elephant which had earlier fully mastered, in 375 trials, a black+/white- lid discrimination task.  She ignored the side lid in the last 6 side placement trials, even though these trials [image: image5.wmf]side lid removed
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were interspersed with 6 trials in which the lid had to be removed to obtain a treat (see Fig. 5).

Fig. 5.  Performance of one elephant in 3 consecutive daily sessions in the lid variation of the side placement task.

DISCUSSION

Only a few studies have applied Fabrean designs to the study of exceptional species.  Moreover, the observations we do have often arose as serendipitous byproducts of the search for intelligence (e.g., Köhler, 1925; Boysen & Kuhlmeier, 2001).  Several barriers may need to be overcome before such designs take hold.  These barriers may include the understandable proclivity to “exalt” animals (Fabre, 1915), the human tendency to preferentially seek confirmatory information (Wason, 1966), the argument by analogy (Povinelli, Bering, & Giambrone, 2000), Darwin’s suspicion that even, say, the lowly earthworm, is capable of intentionality (Crist, 2002), and the mistaken supposition that evolutionary theory requires the gradual emergence of consciousness.

Our elephants behaved like Thorndike’s cats.  They learned gradually and were confused by “the simplest case outside” their usual habits (Fabre, 1915).  Moreover, they mastered simple discrimination tasks more slowly than even rats or bees (cf. Rensch, 1957).  Although these observations do not rule out reasoning in elephants, they are more compatible with its absence. 

It will be interesting to suitably modify and apply our side placement design to other potentially rational species.  If widely and imaginatively applied, this and other Fabrean designs (e.g., Povinelli & Eddy, 1996) might throw light on the age-old interdisciplinary question: Are we the only thinking creatures on earth?
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