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Abstract In this study, we examined whether adult
humans’ tool selections in a stick-and-tube problem might
resemble previously published results of crows’ selections if
people had more experience solving the problem or were
presented with a more ambiguous problem. In Experiments
1a and 1b, when given multiple opportunities to select a
stick from a set of 10 to retrieve a candy located either 8 or
16 cm from the opening of a tube, the participants always
selected a stick that was long enough to retrieve the candy;
however, they did not generally select either the stick whose
length matched the object’s distance or the longest stick in
the set—two outcomes reported in studies with crows. In
Experiment 2, participants who were allowed only a brief
period of time to study the problem selected a longer stick
than did participants allowed unlimited time to do the same.
However, only when the candy’s distance was 16 cm did
these people reliably select the longest stick in the set. It
seems that increasing, but not decreasing, people’s uncer-
tainty about a problem can make humans’ tool selections
more similar to those reported with crows.
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Crows

When presented with a set of 10 stick-tools that varied in
length, two captive New Caledonian crows (Corvus mone-
duloides) most often attempted to retrieve food in a hori-
zontal pipe by selecting the longest stick in the set and, less

often, a stick whose length was exactly the same as (i.e.,
matched) the distance over which the food had to be re-
trieved (Chappell & Kacelnik, 2002). That the crows rarely
selected a tool that was too short to retrieve the food sug-
gested that they had an understanding of physical causality
that included the ability to identify the distance over which a
desired object had to be retrieved, to identify a tool whose
length matched or exceeded this distance, and to use this
tool to retrieve the object.

The generality of Chappell and Kacelnik’s (2002) find-
ings were studied by Hunt, Rutledge, and Gray (2006), who
found that New Caledonian crows tested in a naturalistic
setting generally selected, as their first and usually unsuc-
cessful response, twigs or leaf stems whose length did not
match the depth of a hole (deep or shallow) from which they
had to retrieve food. But in a study of this same species in their
natural environment, Bluff, Troscianko, Weir, Kacelnik, and
Rutz (2010) found that the crows selected tools whose lengths
were positively correlated with, though did not reliably match,
the depth of the holes fromwhich they fished for larvae. Using
a different species, Tebbich and Bshary (2004) found that
woodpecker finches (Cactospiza pallida) selected sticks
whose lengths generally exceeded the distance over which
the food had to be retrieved. While these findings with avian
species have conflicted as to the typical length (e.g., matching,
longest, or longer than necessary) of the tool chosen on the
first trial, a consistent finding has been that, with experience,
birds successfully retrieve an object with a tool of appropriate
length (Emery & Clayton, 2009).

In contrast to avian species, humans rarely select a tool
whose length matches the distance to a desired object or the
longest tool in a set (Silva & Silva, 2010). Using a task that
was similar to the one used with crows (e.g., Chappell &
Kacelnik, 2002), adult humans who had one opportunity to
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select a stick from a set of 10 to retrieve a candy placed in a
horizontal tube generally selected a stick that was a few centi-
meters longer than the distance over which the candy had to be
retrieved, and then they held this stick some distance from its
end (Silva & Silva, 2010). This resulted in a stick with a shorter
useable or working length. Importantly, the working length of
the stick also did not match the candy’s distance. We suggested
that these results occurred because the participants, who did not
have explicit experience with the tools and task, chose a stick
that they guessed would be long enough to reach the object but
not so long as to be unnecessarily unwieldy. In this sense, the
participants’ choices may have reflected some degree of uncer-
tainty about the task and how to use the tools to retrieve the
object. This account leads to the overarching question of the
present study: To what extent are people’s tool selections
affected by their uncertainty about the tools and task?

We addressed this question in three experiments. In
Experiments 1a and 1b, we attempted to decrease partici-
pants’ uncertainty about the tools and task by allowing them
to select tools and retrieve an object across several trials. In
this circumstance, increased experience should reduce un-
certainty about the tools and about how to use them to
retrieve the object from the tube. In Experiment 2, we
attempted to increase uncertainty about the tools and task.
Although we may decrease uncertainty by allowing partici-
pants multiple trials to select tools and retrieve an object (e.g.,
Exps. 1a and 1b), we cannot increase uncertainty by giving
participants less than one trial to do the same. However, we
can approximate giving participants less than one trial by
shortening the duration of a trial (Exp. 2).

Although an abundance of research has focused on tool use
in nonhuman primates, avian species, and human children,
adult humans’ understanding of physical causality has been
largely assumed (Silva, Page, & Silva, 2005; see, e.g.,
Povinelli, 2000). Identifying the conditions that produce sim-
ilar tool-use performance in humans and other animals might
help identify similar underlying mechanisms. In the compar-
ative study of physical causality, the use of adult humans and
simple problems allows us to manipulate the features of a
problem or a procedure while knowing that any changes to
the participant’s behavior are unlikely to reflect the absence of
an understanding of the critical features of the problem, espe-
cially as they relate to abstract concepts such as “gravity” and
“transfer of force” (cf. Povinelli, 2000). In this regard, studies
of adult humans help provide a context in which to interpret
the behavior of nonhumans presented with similar tasks (see,
e.g., Silva et al., 2005; Silva & Silva, 2006).

Experiment 1a

To retrieve out-of-reach objects, people choose tools that are
longer than the distance over which an object must travel

(Silva & Silva, 2010). When people have no experience
with the tools and task and are allowed only a single
trial to select a tool, choosing the longer-than-necessary
stick is a safe alternative, in that it is likely to lead to
success and requires relatively little cognitive effort in
terms of foreseeing how the stick will be held and used,
estimating the object’s distance, and evaluating whether
a particular tool is long enough to reach the object. To
the extent that people’s tool selections reflect some
uncertainty about the tools (e.g., judging their lengths)
and the task (e.g., the ease of retrieving the object), it
should be possible to reduce this uncertainty by giving
people experience with the tools and task. With repeated
opportunities to select a tool and retrieve an object,
might adult humans come to select a tool whose length
more closely approximates the distance over which the
object is to be retrieved, a result observed with some
laboratory crows (e.g., Chappell & Kacelnik, 2002), and
sometimes with wild crows at natural foraging sites (e.g.,
Bluff et al., 2010)?

Method

Participants A group of 20 undergraduate students attend-
ing a liberal arts college in southern California volunteered
for the study and received partial course credit for their
involvement.

Materials Ten 0.25-cm-diameter wooden dowels, ranging
in length from 8 to 26 cm, served as tools. The participants
used one of the sticks to retrieve a candy (an M&M) from a
transparent tube that was 4 cm in diameter, 30 cm long, and
open at one end. These materials comprised the same num-
ber of sticks, lengths of sticks, and tube design used by
Chappell and Kacelnik (2002). The tube was secured to
the surface of a table. The experimenter placed the candy
either 8 or 16 cm from the open end of the tube, which
sometimes faced the left side of the table and sometimes the
right, as viewed from where the participant stood while she
or he evaluated which stick to select. The sticks (dowels)
were laid flat on the table, centered and perpendicular to the
tube. Each stick was separated from any adjacent stick by
3 cm, and the sticks were arranged so that the bottom ends
were aligned. The position of any individual stick varied
randomly between participants.

A sheet of 30 × 30 cm, 1-cm-thick privacy glass was
positioned 8 cm above the tube with the candy. Privacy
glass is opaque until it is switched on, at which time it
clears instantly and remains transparent until switched
off, at which time it instantly becomes opaque again.
The privacy glass was on (i.e., in its transparent state)
throughout the experiment. A schematic of the setup is
shown in Fig. 1.

Learn Behav (2012) 40:494–506 495



Procedure The participants were tested individually. The
experimenter set up the tube and sticks before a participant
entered the testing room. The experiment began with the
experimenter asking a participant to enter the testing room
and to stand in front of the tube and the sticks, while the
experimenter read the instructions. The candy was not yet in
the tube. The experimenter told the participants that they
were participating in an experiment about how people use
tools to solve problems, that they would use one of the
sticks to retrieve a candy from the tube, and that they would
be asked to do this several times. The experimenter then
asked the participant to leave the room while the candy was
placed in the tube. When a participant reentered the room,
she or he was instructed to stand in the same place as when
the instructor had explained the experiment and then to
select a stick. Once a participant selected a stick, he or she
could move around to any side of the table to retrieve the
candy.

Each participant completed two phases, each of which
consisted of four trials. In one phase, the candy was 8 cm

from the open end of the tube; in the other, the candy was
16 cm from the open end. The order (8- vs. 16-cm distance)
and the orientation of the opening (left vs. right) were
counterbalanced across participants. Thus, for 10 partici-
pants (Group 8–16), the candy was placed 8 cm from the
opening of the tube during the first four trials, and 16 cm
from the opening during the next four trials. For half of the
participants in this group, the opening of the tube faced
right. For the 10 other participants (Group 16–8), the candy
was placed 16 cm from the opening of the tube during the
first four trials, and 8 cm from the opening during the last
four trials. For half of the participants in this group, the
opening of the tube faced right.

The experimenter recorded the stick chosen by each
participant and whether the candy was successfully re-
trieved. The experimenter then asked the participant to leave
the room while the candy and the sticks were prepared for
the next trial. The orientation of the open end of the tube
(left or right) did not change between trials. Also, because
our goal was to examine the effects of experience on
people’s tool selections, the arrangement of the sticks on
the table was held constant across trials for any individual
participant. The specific arrangement of the sticks, however,
varied randomly across participants. After the eighth trial,
the participants answered two open-ended questions asking
them to explain how their experience retrieving the candy
affected the stick they chose when the object was near the
open end of the tube (the 8-cm distance) and when the
object was farther from the end of the tube (i.e., the 16-cm
distance).

Unless otherwise stated, the results were analyzed with
an analysis of variance (ANOVA) consisting of two
between-groups factors (order of the candy’s distance
and orientation of the opening of the tube) and two
within-groups factors (candy’s distance and trials). Tukey’s
honestly significant difference (HSD) test was used for the
post hoc analyses. For all analyses, α 0 .05 was used to
determine statistical significance.

Results and discussion

Every participant retrieved the candy on every trial.
Table 1 shows the distribution of the participants’ tool
selections. Had the participants selected a stick at ran-
dom, these selections would have been equally distribut-
ed across the 10 sticks. That did not occur. Instead, when
the candy’s distance was 8 cm from the open end of the
tube, the participants generally selected sticks that were
14–20 cm long. When the candy’s distance was 16 cm,
the participants most often selected sticks that were
22–26 cm long.

Figure 2 shows the average lengths of the sticks selected
by the participants on each trial when the candy was 8 or

Fig. 1 A schematic of the stick-and-tube task used in Experiments 1a,
1b, and 2 (not drawn to scale). The display of the tools was randomized
across participants. The distance of the food from the open end of the
tube was either 8 or 16 cm. For Experiments 1a and 1b, the privacy
glass was always in its transparent state. For Experiment 2, the state of
the privacy glass (transparent vs. opaque) varied as described in this
experiment’s procedure
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16 cm from the open end of the tube. There was no overall
difference between Groups 8–16 and 16–8 [F(1, 16) 0 2.80,
p 0 .113]. When the candy’s distance was 8 cm, the length of
the average stick selected by the participants in Group 8–16
was 18.0 cm (SD 0 3.71); for Group 16–8, this length was
16.2 cm (SD 0 3.16). This difference in the lengths of the sticks
was not statistically significant (p 0 .227). When the candy’s
distance was 16 cm, the length of the average stick selected by
Group 8–16 was 23.7 cm (SD 0 2.64); for Group 16–8, this

length was 22.5 cm (SD 0 2.06). This difference was also not
statistically significant (p 0 .587). The orientation of the open-
ing of the tube had no effect on participants’ tool selections
[F(1, 16) 0 0.50, p 0 .489], and there were no differences across
trials [F(3, 48) 0 0.76, p 0 .523] or interactions among any
combinations of the factors [Fs(1, 16) < 2.61, ps > .126, and
Fs(3, 48) < 1.34, ps > .274]. Thus, for both groups at both of the
candy’s distances, tool selections did not change across trials.

The only difference shown in Fig. 2 is that the average
length of the sticks chosen by the participants was shorter
when the candy’s distance was 8 cm than when it was
16 cm. When the distance was 8 cm, the length of the
average stick chosen was 17.1 cm (SD 0 3.54); when the
distance was 16 cm, the length of the average stick was 23.1 cm
(SD 0 2.42). This difference was statistically significant
[F(1, 16) 0 88.56, p < .001].

Although there were no differences in the average lengths
of the sticks selected across trials, perhaps there were differ-
ences across trials if we were to look only at whether
participants selected a stick that was different from the one
they had selected on the previous trial. This measure of “tool
swapping” (Wimpenny, Weir, Clayton, Rutz, & Kacelnik,
2009) provides information about whether participants were
experimenting with different tools. To obtain this measure, we
noted which stick participants chose on a particular trial (e.g.,
Trial 1) and whether they selected a different stick on the next
trial (e.g., Trial 2). If a different stick was selected, this choice
was recorded as a “1”; if a new stick was not selected, this

Table 1 Frequency distribution of sticks selected in Experiment 1a

Candy Distance Trial Stick Length (cm)

8 10 12 14 16 18 20 22 24 26

Group 8–16

8 cm 1 0 0 1 2 3 2 0 0 0 2

2 0 0 0 3 2 1 1 1 2 0

3 0 0 0 3 2 1 3 1 0 0

4 0 0 0 1 3 0 4 1 1 0

16 cm 5 0 0 0 0 1 1 1 2 1 4

6 0 0 0 0 0 0 1 2 1 6

7 0 0 0 0 0 0 1 2 3 4

8 0 0 0 0 0 0 1 4 1 4

Group 16–8

16 cm 1 0 0 0 0 0 1 0 4 4 1

2 0 0 0 0 1 0 0 5 3 1

3 0 0 0 0 0 0 0 5 5 0

4 0 0 0 0 0 2 0 5 3 0

8 cm 5 0 0 2 1 4 1 1 1 0 0

6 0 0 0 2 5 1 1 1 0 0

7 0 1 0 5 0 1 3 0 0 0

8 0 1 0 5 0 1 2 1 0 0

Fig. 2 Mean lengths of the sticks selected in Experiment 1a for each group
across all trials. The error bars show standard deviations. The distance of
the candy was changed before the fifth trial; for Group 8–16, the candy’s
distance was doubled from 8 to 16 cm, and for Group 16–8, the candy’s
distance was halved from 16 to 8 cm
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choice was recorded as a “0.”We looked at whether the sticks
on Trials 1 versus 2, 2 versus 3, 3 versus 4, 5 versus 6, 6 versus
7, and 7 versus 8 were the same or different. (We did not look
at Trials 4 vs. 5 because between these trials the candy’s
distance was changed from 8 to 16 cm, or vice versa.) This
analysis produced a tally of how many participants changed
sticks between the trials listed above, and it allowed us to
answer the question of whether the participants’ unfamiliarity
with the task and the tools made it more likely that they would
try different sticks during earlier versus later trials.

Collapsing across the candy’s two distances, the results
showed that on Trials 2, 3, and 4, 80%, 50%, and 55% of the
participants, respectively, selected a different stick from the
one they had chosen on the previous trial. The candy’s
distance from the opening of the tube was changed before
the fifth trial. Then, on Trials 6, 7, and 8, 50%, 60%, and
40% of the participants selected a different stick from the
one they had chosen on the previous trial. It seems that the
participants were most likely to select a different stick
between Trials 1 and 2, and then to swap sticks less often
across trials. Cochran’s Q test confirmed that there was a
statistically significant difference in the percentages of
participants who selected a different stick across the six
pairs of trials noted above [Q(5) 0 11.40, p 0 .04].

The major findings of this experiment showed that the
length of the stick selected by the participants (a) was
influenced by the candy’s distance from the opening of the
tube, (b) was unaffected by having retrieved candies at
another distance, and (c) did not change as a function of
experience retrieving the candy. The first result replicates
findings that people generally select a tool that is longer than
the distance over which a desired object has to be retrieved
(Silva & Silva, 2010), a result that has also been observed in
crows. More specifically, as the distance of a desired object
(food) increased, the length of the tool selected by the crows
to retrieve the food also increased (Chappell & Kacelnik,
2002; Wimpenny et al., 2009). The second result showed no
carryover effects of having retrieved candies 8 cm from the
opening of the tube on subsequent tool selections to retrieve
candies 16 cm from the opening, and vice versa. The third
result was related to the major purpose of Experiment 1a,
and showed that although the participants were most likely
to experiment with different sticks early in training, this
experimentation did not cause people to select tools whose
lengths varied significantly or systematically across trials.
Within the parameters of the present experiment, it seems
that experience retrieving an object does not cause adult
humans to select a tool whose length more closely matches
the distance over which an object has to be retrieved. Instead,
whatever adjustments occurred were minor and did not vary
systematically across participants.

Exactly why the participants in this experiment and
others (e.g., Silva & Silva, 2010) have not matched object

distance to stick length remains unclear. Our guess is that
choosing a stick whose length matches the object’s distance
simply does not provide any room for error in judging the
object’s distance or using the tool to retrieve the object, an
explanation also advanced by other researchers (e.g., Hunt
et al., 2006) and consistent with some participants’ explan-
ations for their choices. When participants were asked to
explain how their experience retrieving the candy affected
the stick they selected, most of them reported something
about the stick’s length and usability. For example, at the
8-cm distance one person reported, “I tried to pick the one
[stick] that was most efficient—not too short but not too
long. The short ones probably would have gotten the job
done, but I wanted one with a little more length in case
something went wrong and I’d have a bit of recovery room.”
At the 16-cm distance, this person said, “I knew right away
that the shorter sticks weren’t going to do the job, and I
thought maybe the middle one would do what I needed it to
do. I felt the longest stick was probably too long and would
most likely push the object away, making it difficult to
retrieve.” In a previous study, participants given one trial
to retrieve a candy from the open end of a tube gave similar
explanations (see Silva & Silva, 2010). Whether the partic-
ipants’ explanations reflect their evaluation of the problem
before they selected a stick or are self-justifying narratives
made after the fact (object retrieval) is unknown. In some tool-
use problems, adult humans’ explanations for their tool selec-
tions and how they used them were incongruent with what
they actually did (for an example and a discussion of the
implications of these incongruences for the study of physical
causality, see Silva, Silva, Cover, Leslie, & Rubalcaba, 2008).

But why, with repeated trials, did the participants not
select tools whose lengths more closely matched the dis-
tance over which the desired object had to be retrieved? In
some cases, the alternatives did not seem as good (in terms
of ease of use, for example) as the previous selection. In
other cases, a selection was “good enough,” in that the
object was successfully retrieved. Consider the following
explanations offered by a participant: “I used longer sticks
that I knew would reach the object and tried to use a smaller
one in one instance and had trouble so I switched back to
longer ones.” Another participant said, “Since it [the candy]
was in the same spot each time, I used the same stick
because it successfully reached the item. I never chose a
longer stick or a smaller stick since I knew that anything
smaller might not reach and anything longer was excessive.”
These sorts of explanations suggest that rather than select a
tool whose length more closely matched the distance over
which an object had to be retrieved, the participants’ selec-
tions across trials accorded with a “if successful, select the
same or a similar tool on the next trial” strategy. This
analysis fits with what has been observed in laboratory
crows. For these animals, tool swapping usually takes the

498 Learn Behav (2012) 40:494–506



form of exchanging shorter tools for longer ones when the
short tool is not long enough to reach the desired object
(Wimpenny et al., 2009). In the present experiment, because
the candy was successfully retrieved on the first trial, there
was no need to select a different tool on subsequent trials.

Other possible reasons for the absence of matching or a
propensity for choosing the longest stick may relate to
differences in motivation between humans and crows, the
threat (or lack thereof) of predation while trying to obtain
the out-of-reach object, and the physical dimensions of the
task. For example, while foraging in their natural environ-
ment or completing a tool-use task in the laboratory, crows
are presumably working for a highly desirable food item. It
is unlikely that the candies used with the human participants
were as equally desired. In the present experiment, the
participants most likely retrieved the candy simply because
they were asked to do so. Moreover, it is likely that the
foraging behavior of many animals, including crows, is
modulated by uncertainty related to predator risk (see, e.g.,
Ferrari, Brown, Bortolotti, & Chivers, 2010; Polo, López, &
Martín, 2011). No such threat would be present in the task
presented to humans, though other concerns might be (e.g.,
embarrassment elicited by failing to retrieve the candy). In
relation to the dimensions of the task, the lengths of the
sticks that participants selected may have depended on the
scale of the problem. Using sticks that are thicker, longer,
and heavier than those used in the present study and using
these to retrieve, for example, a baseball from a 30-cm
diameter pipe might produce different results.

Finally, the results of Experiment 1a showed that the
orientation of the opening of the tube did not affect the
length of the stick that the participants selected. Because
the participants could walk around to any side of the
table to retrieve the candy, the influence of someone’s
handedness on their stick selection may have been min-
imized. Had participants viewed the orientation of the
opening as an obstacle (as right-handed people might if
the opening faced left, and vice versa), they might have
selected a longer stick when the opening’s orientation
was incongruent with their handedness. This appears
not to have happened.

Experiment 1b

Overall, Experiment 1a showed that with repeated opportu-
nities to select a tool and retrieve an object, adult humans do
not come to select tools whose lengths more closely approx-
imate the object’s distance. Instead, participants judged the
distance of an object, selected a stick that was long enough to
reach the object, and then continued to select the same or a
similar stick on subsequent trials. Although the participants’
choices of sticks did not change systematically across trials, it

is possible that they adjusted how they held a stick so that its
working length changed across trials.

Experiment 1b replicated Experiment 1a with one
modification: After each trial, we measured the working
length of the sticks selected by the participants, to
determine whether they were adjusting the working
length of the stick across trials. We did not measure
working length in Experiment 1a because we were
concerned that the act of measuring it might draw the
participants’ attention to this dependent measure and
produce a subject-expectancy effect that influenced their
selections or how they held the stick after the first trial.

Method

Participants A group of 20 undergraduate students attend-
ing a liberal arts college in southern California volunteered
for the study and received partial course credit for their
involvement.

Materials and procedure The same materials and procedure
were used as in Experiment 1a, except that the experimenter
measured the working length of each stick selected by a
participant. The participants were instructed as in Experi-
ment 1a to select a stick and to hold it in preparation to
retrieve the candy. When a participant said that he or she
was ready to retrieve the candy, the experimenter measured
the distance between the working tip of the stick (i.e., the tip
that would contact the candy) and the tip of the participant’s
finger closest to the working tip. This distance was the
working length of the stick. The data analyses were similar
to those used in Experiment 1a.

Results and discussion

Every participant retrieved the candy on every trial. Table 2
shows the distribution of the participants’ tool selections. As
in Experiment 1a, the participants’ selections were not equally
distributed across the 10 sticks, and thus not random. In
contrast to Experiment 1a, the participants’ selections were
not as tightly clustered. When the candy’s distance was 8 cm
from the open end of the tube, the participants in Group 8–16
tended to select sticks that were 14–20 cm long and 24 cm
long; the participants in Group 16–8 generally chose sticks
that were 12–18 cm long. When the candy’s distance was
16 cm, the participants in Groups 8–16 and 16–8 most often
selected sticks that were 18–26 cm long.

Figure 3 shows the average lengths of the sticks selected by
the participants on each trial when the candy was 8 or 16 cm
from the open end of the tube. The results were similar to those
of Experiment 1a. That is, there was no overall difference
between the two groups [F(1, 16) 0 2.16, p 0 .161], no effect
of the orientation of the opening of the tube [F(1, 16) 0 0.65,
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p 0 .431], no difference across trials [F(3, 48) 0 1.23, p 0 .311],
and no interactions among any combinations of the factors
[Fs(1, 16) < 0.51, ps > .487, and Fs(3, 48) < 2.02, ps > .124].
Thus, for both groups at both of the candy’s distances, tool
selections did not change across trials. The only difference
shown in Fig. 3 is that the average lengths of the sticks chosen
by the participants were shorter when the candy’s distance was
8 cm (M 0 17.0 cm, SD03.59) than when it was 16 cm
(M 0 21.8 cm, SD 0 3.06), F(1, 16) 0 47.64, p < .001.

Figure 4 shows the average working lengths of the sticks
used by the participants on each trial for both of the candy’s
distances. Although the working lengths were necessarily

shorter than the sticks’ actual lengths, the overall pattern of
results was the same as for the actual lengths. That is, there
was no difference between the two groups [F(1, 16) 0 0.02,
p 0 .882], no effect of the orientation of the opening of the
tube [F(1, 16) 0 0.344, p 0 .565], no difference across trials
[F(3, 48) 0 1.00, p 0 .403], and, with two exceptions,
no interactions among most combinations of the factors
[Fs(1, 16) < 0.38, ps > .548, and Fs(3, 48) < 3.18,
ps > .032]. The exceptions were a significant interaction
between the orientation of the opening of the tube and trial
[F(3, 48) 0 3.18, p 0 .032] and an interaction among all four
factors [F(3, 48) 0 2.82, p 0 .049]. Post hoc analyses of the

Table 2 Frequency distribution of sticks selected in Experiment 1b

Candy Distance Trial Stick Length (cm)

8 10 12 14 16 18 20 22 24 26

Group 8–16

8 cm 1 0 0 2 1 3 2 1 0 1 0

2 0 1 0 2 2 1 1 1 2 0

3 0 0 1 2 2 3 1 0 1 0

4 0 0 1 2 1 2 2 0 2 0

16 cm 5 0 0 0 0 0 2 2 1 3 2

6 0 0 0 0 2 1 2 0 2 3

7 0 0 0 0 0 1 2 0 4 3

8 0 0 0 0 0 1 2 2 3 2

Group 16–8

16 cm 1 0 0 0 0 0 3 3 1 3 0

2 0 0 0 0 0 3 1 2 2 2

3 0 0 0 0 0 2 2 1 2 3

4 0 0 0 0 0 5 2 2 1 0

8 cm 5 0 0 3 2 1 3 0 0 0 1

6 0 0 1 1 1 6 0 1 0 0

7 0 0 1 1 2 5 0 0 0 1

8 0 0 1 3 3 3 0 0 0 0

Fig. 3 Mean lengths of the sticks selected in Experiment 1b for each
group across all trials. The details are the same as for Fig. 2

Fig. 4 Mean working lengths of the sticks selected in Experiment 1b
for each group across all trials. The details are the same as for Fig. 2
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significant interactions did not reveal any meaningful pat-
tern to these interactions. For example, there were no sig-
nificant pairwise interactions between the orientation of the
opening of the tube and trial (ps > .182). In sum, for both
groups and both of the candy’s distances, the working lengths
of the sticks used to retrieve the candy did not change across
trials. The only difference shown in Fig. 4 is that the average
working length of the stick used by the participants was shorter
when the distance of the candy was 8 cm (M 0 13.3 cm,
SD02.61) than when it was 16 cm (M 0 18.1 cm, SD01.93),
F(1, 16) 0 115.83, p < .001.

As in Experiment 1a, we looked again at whether the
participants selected a tool that was different from the one
they had selected on the previous trial. Collapsing across the
candy’s two distances, the results showed that on Trials 2, 3,
and 4, 80%, 65%, and 55% of the participants, respec-
tively, selected a different stick from the one they had
chosen on the previous trial. The candy’s distance from
the opening of the tube was changed before the fifth
trial. On Trials 6, 7, and 8, 55%, 45%, and 25% of the
participants selected a different stick from the one they
had chosen on the previous trial. As in Experiment 1a,
the participants were most likely to select a different
stick between Trials 1 and 2, and then to swap sticks
less often across trials. Cochran’s Q test confirmed that
there was a statistically significant difference in the percentage
of participants who selected a different stick across the six
pairs of trials noted above [Q(5) 0 13.32, p 0 .021].

We also conducted a similar analysis of the working
lengths of the sticks. Because working lengths were mea-
sured in resolutions of 1 mm, even a change from, for
example, a working length from 15.9 to 16.1 cm could be
considered a change in working length. To avoid counting
every variation in how the participants held a stick as a
change in its working length, we defined “change in work-
ing length” as a difference of 2 cm or more in the working
lengths of the sticks selected on two successive trials. This
length (i.e., 2 cm) was the same as the smallest difference in
length between any two pairs of sticks.

Collapsing across the candy’s two distances, the results
showed that on Trials 2, 3, and 4, 55%, 40%, and 35% of the
participants, respectively, changed the working length of the
stick from that of the previous trial. The candy’s distance from
the opening of the tube was changed before the fifth trial. On
Trials 6, 7, and 8, 50%, 45%, and 15% of the participants
changed the working lengths of their sticks from the length
on the previous trial. The percentages of participants who
adjusted the working lengths of the sticks by a sufficient
amount (as per the operational definition) did not change
significantly across these six pairs of trials [Q(5) 0 8.22,
p 0 .145]. (As an aside, the same pattern was evident when
we defined “change in working length” as a difference of 1 cm
or more in the working lengths of the sticks selected on two

successive trials.) Although the percentages of participants who
adjusted the working lengths of the sticks across the six trials
were not statistically significant, the difference between the
percentages of people who adjusted the working length be-
tween Trials 1 and 2 (55%) and Trials 7 and 8 (15%) was
statistically significant [Q(1) 0 5.33, p 0 .021].

The results of Experiment 1b replicated those of Exper-
iment 1a. The length of the stick selected by the participants
was influenced by the candy’s distance from the opening of
the tube, was unaffected by having retrieved candies at
another distance, and did not change as a function of expe-
rience retrieving the candy. Moreover, although the partic-
ipants were most likely to experiment with different sticks
early in training, this experimentation did not produce tool
selections whose lengths changed significantly and system-
atically across trials. Most importantly for the purpose of
Experiment 1b, the same results also applied to the working
lengths of the sticks that the participants used. This means
that the participants’ tool selections were influenced by how
the tool would be used or held; otherwise, the working
lengths of the tools selected would have occasionally been
too short to reach the candy. By selecting tools whose
working lengths were always sufficient to reach the candy,
the participants showed that they must have considered how
a stick would be held or used.

Experiment 2

Experiments 1a and 1b showed that, with repeated trials, the
participants did not eventually select a tool whose actual
length or working length more closely approximated the
distance over which an object had to be retrieved. In short,
experience with the tools and the task did not cause the
participants’ tool selections to become more like those
observed in some New Caledonian crows (e.g., Chappell
& Kacelnik, 2002). In Experiment 2, we focused on the
other result observed in some crows—namely, that they
select the longest stick in a set to retrieve an object in a tube
(e.g., Chappell & Kacelnik, 2002).

Adult humans do not generally select the longest stick in
a set to retrieve an out-of-reach object (Silva & Silva, 2010).
Instead, people select a stick that is long enough to reach the
object but not so long as to be unnecessarily difficult to use.
This strategy affords people some room for error, such as
misjudging the object’s distance or inadvertently pushing
the object farther into the tube, while avoiding the costs
associated with using a tool that is unnecessarily long. In
Experiment 2, we tested whether this margin for error would
increase if the problem were more ambiguous.

If the stick that people select is influenced by some
degree of uncertainty (related to judging lengths and dis-
tances or how to use the tool), then making a problem more
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ambiguous should increase this uncertainty. People who are
uncertain about the best stick to use to solve the problem
should select a longer, safer stick than do people who are
more certain about what to do. Perhaps under very ambig-
uous situations, people may behave like Chappell and
Kacelnik’s (2002) crows and select the longest tool in a
set. In Experiment 2, we compared the tool selections of a
group of people who had unlimited time to study the prob-
lem with those of a group who had only 1 s to do the same.

Method

Participants and materials A group of 40 undergraduate
students attending a liberal arts college in southern California
volunteered for the study and received partial course credit for
their involvement. The same materials were used as in
Experiments 1a and 1b, with the following addition: The
privacy glass was operational, in the sense that it was some-
times opaque and sometimes transparent (see the Procedure
section below). When unpowered, the opaque privacy glass
prevented participants from seeing the tube and the candy.

Procedure The same general procedure from Experiments
1a and 1b was used here, with the following exceptions. The
experimenter began by asking a participant to enter the room
and to stand in front of the tube and sticks while the
experimenter read instructions similar to those used in the
previous experiments. In addition, the participants were told
that they would see an opaque glass “screen” above the tube
when they reentered the room, that this glass would prevent
them from seeing the tube and the candy, and that at the
appropriate time the glass would clear so that they could see
the tube and the candy. While the procedure was explained
to the participants, the privacy glass was not yet positioned
above the tube, nor was there any candy in the tube. The
experimenter then asked the participant to leave the room
while the candy was positioned in the tube and the glass was
placed over the tube and candy.

There were 10 participants in each of four groups: a
group for whom the candy was placed 8 cm from the open
end of the tube and who were given a limited amount of
time to study the tube and candy (Group Limited-8); a

similar group for whom the candy’s distance was 16 cm
(Group Limited-16); a group that had an unlimited amount
of time to study the candy placed 8 cm from the opening of
the tube (Group Unlimited-8); and a similar group for whom
the candy’s distance was 16 cm (Group Unlimited-16).

For the two limited groups, the participants were
instructed to look down at the opaque glass when they
reentered the room. When a participant said that she or he
was ready, the experimenter cleared the glass for 1 s,
after which it switched back to its opaque state. As in
Experiment 1b, the participants were then asked to select
a stick and to hold it as if they were ready to make their
attempt to retrieve the candy. The experimenter then
measured the stick’s working length before clearing the
privacy glass again so the participant could retrieve the
candy. For the two unlimited groups, the procedure was
the same, except that the privacy glass never returned to
its opaque state (i.e., once cleared, it remained clear).

All other aspects of the procedure were the same as in
Experiments 1a and 1b, except that there was only a single
trial. We were interested in four pairwise between-groups
comparisons for each dependent measure (stick length and
working length)—Groups Limited-8 versus Unlimited-8,
Limited-16 versus Unlimited-16, Limited-8 versus Limited-
16, and Unlimited-8 versus Unlimited-16. Unless otherwise
stated, the results were analyzed with an ANOVA consisting
of three between-groups factors (amount of time to evaluate
the problem, candy’s distance, and orientation of the opening
of the tube). Tukey’s HSD test was used for the post hoc
analyses. For all analyses, α 0 .05 was used to determine
statistical significance.

Results and discussion

Every participant retrieved the candy. Table 3 shows the
distribution of the participants’ tool selections. Group
Limited-8’s selections were distributed mostly across the
18- to 22-cm sticks, and Group Unlimited-8’s selections
were distributed across the 12- to 20-cm sticks. Group
Limited-16’s selections consisted almost exclusively of the
26-cm stick, and Group Unlimited-16’s selections were
distributed mostly across the 18- to 22-cm sticks.

Table 3 Frequency distribution of sticks selected in Experiment 2

Group Stick Length (cm)

8 10 12 14 16 18 20 22 24 26

Limited-8 0 0 0 0 1 4 2 2 0 1

Unlimited-8 0 0 2 2 1 2 3 0 0 0

Limited-16 0 0 0 0 0 0 0 0 1 9

Unlimited-16 0 0 0 0 0 2 4 3 0 1
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Figure 5 shows the average lengths of the sticks selected by
the participants. There was no effect of the orientation of the
tube [F(1, 32) 0 0.058, p 0 .811], but there were main effects
of the amount of time to study the problem [F(1, 32) 0 25.56,
p < .001] and the candy’s distance [F(1, 32) 0 39.19, p < .001].
There were no interactions among any combinations of the
factors [Fs(1, 32) < 0.93, ps > .343]. When the candy was
8 cm from the opening of the tube, the average stick selected by
Group Limited-8 (M 0 19.8 cm, SD 0 2.90) was significantly
longer than the average stick selected by Group Unlimited-8
(M 0 16.4 cm, SD0 3.23), p 0 .032. Similarly, when the candy
was 16 cm from the opening of the tube, the average length of
the stick selected by Group Limited-16 (M 0 25.8 cm, SD 0
0.63) was significantly longer than the average stick selected by
Group Unlimited-16 (M 0 20.8 cm, SD02.35), p 0 .001.

Figure 6 shows the average working lengths of the sticks
used by the participants. There was no effect of the orientation
of the tube [F(1, 32) 0 0.46, p 0 .503], but there were main
effects of the amount of time to study the problem [F(1, 32) 0
4.68, p 0 .040] and the candy’s distance [F(1, 32) 0 72.42,

p < .001]. There were no interactions among any combinations
of the factors [Fs(1, 32) < 0.58, ps > .450]. When the candy’s
distance was 8 cm, the average working length of the sticks
used by Group Limited-8 (M 0 14.2 cm, SD 0 2.16) was
similar to the average working length of the sticks used by
Group Unlimited-8 (M 0 12.8 cm, SD02.86), p 0 .492. The
same was true when the candy’s distance was 16 cm: The
average working length of the sticks used by Group Limited-
16 (20.2 cm, SD 0 1.23) was similar to the average working
length of the sticks used by Group Unlimited-16 (18.6 cm,
SD01.94), p 0 .376.

Comparing the sticks selected when the candy’s distance
from the opening of the tube was 8 versus 16 cm showed that
the participants selected a shorter stick at the shorter distance.
This effect was observed regardless of whether the participants
had a limited (Groups Limited-8 vs. Limited-16, p < .001) or
an unlimited (Groups Unlimited-8 vs. Unlimited-16, p 0 .002)
amount of time to study the task. The same was true of the
average working lengths of the sticks used by the participants
(Unlimited-8 < Unlimited-16, p < .001; Limited-8 < Limited-
16, p < .001).

The results showed that limiting the amount of time that
participants could study the task led them to select a longer
stick than those selected by the participants who had an
unlimited amount of time to study the task. Presumably,
limiting how long the participants examined the task in-
creased their uncertainty about it, which may have influ-
enced them to err on the side of caution and to select a
longer stick. This sort of selection pressure may be similar to
what Mechner (1958) observed when rats had to switch
from pressing one lever to pressing another after completing
a response requirement (e.g., pressing the first lever 16
times). If a rat switched to the second lever too early, it
did not receive reinforcement and it had to start from the
beginning and make another, for example, 16 responses on
the first lever before reinforcement on the second lever
became available. Under this selection pressure, the rats
produced run lengths that were generally longer than re-
quired. This strategy, which could be described as erring on
the side of caution, prevented the unwanted penalty for
switching too early.

Some of the participants’ explanations for their selections
are consistent with this analysis. For example, one person in
Group Limited-16 said, “The object was in the middle, so I
needed a long stick to make sure that I got it.” Another
participant in this same group said, “The longest makes
sense to have more tool to use. I wasn’t sure how far it
[the candy] was, and if I hit it farther, I could still get it.”

The foregoing analysis is also consistent with the results
of the sticks’ working lengths. Recall that the average work-
ing length of the stick selected depended on the candy’s
distance, such that longer sticks were selected when the
candy was farther from the opening of the tube. However,

Fig. 5 Mean lengths of the sticks selected by the participants in
Experiment 2. The error bars show standard deviations. The dashed
lines across the bars show the distance of the candy from the open end
of the tube

Fig. 6 Mean working lengths of the sticks selected by the participants
in Experiment 2. The details are the same as for Fig. 5

Learn Behav (2012) 40:494–506 503



within a particular distance of the candy from the opening,
the average working length of the sticks selected was unaf-
fected by the amount of time participants had to study the
problem. Thus, Groups Limited-8 and Unlimited-8 used
sticks of similar working lengths, as did Groups Limited-
16 and Unlimited-16. This suggests that limiting the amount
of time that the participants could evaluate the problem
influenced them to select a longer stick (i.e., Limited-8 >
Unlimited-8 and Limited-16 > Unlimited-16). But once the
participants had made their selection and the privacy glass
was cleared so that they could retrieve the candy, the par-
ticipants in the limited groups may have realized that the
stick they selected was unnecessarily long, at which time
they adjusted how they held the stick so that its working
length was similar to those used by the participants in the
corresponding unlimited group (i.e., Limited-8 0 Unlimited-
8 and Limited-16 0 Unlimited-16).

In sum, Experiment 2 showed that people select a longer
tool, although not necessarily the longest tool in a set, when
a tool-use situation is more ambiguous. Although the par-
ticipants in the limited groups selected longer sticks than did
the participants in the unlimited groups, whether the partic-
ipants in the limited groups selected the longest stick
depended on the candy’s distance. In Group Limited-8, only
one of the 10 participants selected the longest stick. In
Group Limited-16, however, nine of the 10 participants
selected the longest stick. Thus, it seems that ambiguity
about a task influenced participants to select the longest tool
only when the candy’s distance from the open end of the
tube was relatively close to the length of the longest stick.
This result for Group Limited-16 bears some resemblance to
that of a New Caledonian crow that tended to select longer
sticks when the stick-and-tube task became more demand-
ing by placing the tube and tools farther apart and separating
them with a barrier (Chappell & Kacelnik, 2002).

The difference in the mean lengths of the sticks selected
by the participants in Groups Limited-8 versus Limited-16
tells us that, even under conditions of more uncertainty,
these people did not use an isolated “choose-the-longest-
stick” strategy. If they had, both groups would have chosen
the longest stick to retrieve the candy. That this did not
happen suggests that most of the participants in Group
Limited-16 chose the longest (26-cm) stick because this
stick was within the range of suitable lengths, perhaps even
the ideal length, given the physical dimensions of the tools
and the task and the constraints placed on evaluating it (see
the discussion in Silva & Silva, 2010). Had the longest stick
been, say, 60 cm, it seems unlikely that the participants
would have chosen it. We wonder whether the same might
be true of the crows that have been observed selecting the
longest stick in the set. Is the fact that some crows choose
the longest stick in a set an artifact of the range of stick
lengths?

General discussion

The results of Experiments 1a and 1b showed that decreas-
ing participants’ uncertainty about a tool-use task by allow-
ing them to select tools and retrieve an object across several
trials did not affect the length of the tool that they selected.
Although the participants’ tool selections in Experiments 1a
and 1b were related to the distance of an out-of-reach object,
participants did not systematically vary their selections or
how they held the tools across trials. The participants gen-
erally selected a stick that was long enough to reach the
object, but not necessarily the longest stick in the set.
Moreover, experience retrieving an object at one distance
did not influence tool selection when the object’s distance
from the opening of the tube was doubled (for Group 8–16)
or halved (for Group 16–8). The participants’ selections
across trials accorded with a “win–stay” strategy, though
more participants did experiment with (swap) tools in earlier
than in later trials.

Although some studies of New Caledonian crows have
suggested that these animals tend to select tools whose
lengths match the distance of the task requirement (Chappell
& Kacelnik, 2002), other studies have found little evidence
of this tendency (Hunt et al., 2006; Wimpenny et al., 2009).
The reasons for the different results may be due to variations
in the apparatus (e.g., laboratory stick-and-tube problem vs.
natural foraging sites), procedures (e.g., presenting crows with
sticks that are always organized from shortest to longest vs.
allowing crows to find their own leaf-tools), and the birds’
experiences (e.g., more vs. less experience with stick-tools)
(see also Chappell & Kacelnik, 2002; Taylor, Elliffe, Hunt, &
Gray, 2010; Taylor, Hunt, Medina, & Gray, 2009). In the case
of adult humans, we can rule out lack of experience with the
tools and task as a reason for their not matching tool length to
object distance.

Despite the lack of evidence for matching, it may be
unreasonable to expect anyone to precisely match the actual
or working length of a stick to an object’s distance. In the
same sense that a fair coin tossed 100 times is unlikely to
produce exactly 50 “heads,” it might also be unlikely that
people or other animals would exactly match the length of a
tool or its working length to the distance of a desired object.
In Experiment 1b, the working lengths of the sticks selected
did not deviate much—dependent, of course, on someone’s
definition of “much”—from the candy’s distance. The mean
working lengths of the sticks selected were 13.3 and
18.1 cm when the candy was 8 and 16 cm, respectively,
from the open end of the tube. Whether these deviations
from matching are close enough to conclude that humans
have a tendency to match the working lengths of a tool
to the distance of a desired object is subjective. One
thing is certain from Experiments 1a and 1b: Within
the parameters of these experiments, increased experience
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with the tools and task did not cause the participants to
select progressively shorter sticks. Stated another way, a
decrease in uncertainty (resulting from having multiple oppor-
tunities to solve a problem) did not influence participants to
select tools whose lengths approached the distance of an out-
of-reach object.

In contrast, Experiment 2 showed that limiting how
much time the participants had to study a tool-use task
led them to select longer sticks than did people allowed
unlimited time to study the task. Stated another way, an
increase in uncertainty about a task (resulting from lim-
iting how long someone could study the problem) influ-
enced participants to select longer tools. It is tempting to
wonder whether crows’ tool selections might be influ-
enced by this same variable.

Assuming that uncertainty about a problem is inversely
related to a subject’s experience solving similar problems,
one might guess that inexperienced crows are more likely
than experienced crows to select longer tools. In reality,
though, less experienced crows are more likely than experi-
enced crows to select tools that are too short to retrieve out-of-
reach food (Wimpenny et al., 2009). And, regardless of their
experience, crows that select a tool that is too short to reach the
food will generally select a longer tool on subsequent trials
(Wimpenny et al., 2009). This result suggests that some crows
understand that longer, not shorter, tools are necessary after a
failed attempt to reach a desired object. How this understand-
ing comes about is unclear. It could be the result of trial-and-
error and learned associations between shorter sticks paired
with failure and longer sticks paired with success. In some
instances, though, rooks (Corvus frugilegus) seem to solve
physical causality problems “using advanced physical cogni-
tion rather than trial-and-error learning” (Bird & Emery, 2010,
p. 150), and New Caledonian crows solve tool-use tasks
without explicit training to do so (Taylor et al., 2010; Weir,
Chappell, & Kacelnik, 2002). What role learning plays in the
formation of advanced physical cognition or the ability to
solve a problem without explicit training remains to be inves-
tigated and debated (Machado & Silva, 2003; Shettleworth,
2010; Tomasello & Call, 1997).

What we can say is that the absence of matching stick
length to object distance in the present study and a previous
study (Silva & Silva, 2010) is not the result of people’s
inexperience with the tools or task. We can also say that
the participants’ tool selections were influenced by the fol-
lowing variables: distance of the desired object, a sensitivity
to how the tool would be held or used, and uncertainty about
the task. What we cannot say at this time is the extent to
which these results depend on the ergonomics of the task
and the tools. The length of the sticks that participants select
may depend on the scale of the problem. Perhaps if the
sticks and the candy’s distance were close to adult humans’
body lengths and the weight of the sticks were closer to the

limits of what the participants could hold comfortably, the
results might have been more similar to those reported with
New Caledonian crows. Specifically, a greater cost of using
an unnecessarily long stick might influence people to select
a stick whose length more closely matches the object’s dis-
tance. Other procedural variables may also have contributed to
the results. For example, in the procedure we used, the out-of-
reach object could be pushed deeper into the tube. A revised
procedure consisting of a barrier placed behind the candy that
precluded this possibility might produce different stick selec-
tions from those reported above. Studies with great apes have
documented the importance of whether an animal has to push
or pull a tool to reach a desired object (Girndt, Meier, & Call,
2008). Finally, as we discussed in Experiment 1a, motivation-
al variables related to the out-of-reach object and risks from
threats while attempting to retrieve it may also account for the
differences between humans and crows.

These unresolved issues notwithstanding, we can form
tentative conclusions based on the results of the present study.
First, it does not appear that inexperience is the cause for the
lack of matching stick length to object distance observed in
adult humans. The participants in Experiments 1a and 1b did
not systematically select, across multiple trials, sticks whose
lengths became more similar to the candy’s distance. Second,
it is clear that an object’s distance influenced the participants’
tool selections. If it had been otherwise, the participants would
have selected sticks of similar lengths, regardless of the
candy’s distance. Third, it is also clear that the participants’
tool selections were influenced by how the tool would be used
or held. If the participants had not considered how they would
hold a stick or that some portion of the stick must necessarily
be unusable to extend their reach (because some portion of the
tool is in the hand instead of in the tube), they should have
occasionally selected tools whose working lengths were too
short to reach the candy, something that never occurred.
Fourth, it seems that increased uncertainty about the task,
which was produced by limiting how much time the partic-
ipants could study it, inclined participants to select longer
sticks than did participants who were allowed unlimited time
to do the same. If uncertainty had not been a factor, the two
groups of participants would have selected sticks of similar
lengths. Finally, it is unlikely that adult humans use a “choose-
the-longest-stick” strategy under conditions of uncertainty (at
least within the parameters of the experiments reported here).
If they had, the average lengths of the sticks selected by
Groups Limited-8 and Limited-16 would have been the same.
Overall, this study adds to an increasing list of studies and
researchers who have argued that the structural and procedural
features of tool-use problems are important, and that research-
ers need to be cautious when forming conclusions about a
species’ cognitive abilities (Girndt et al., 2008; Seed, Call,
Emery, & Clayton, 2009; Shettleworth, 2010; Silva et al.,
2005).
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