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Abstract In two experiments, we examined the effect of
modifications to the features of a stick-and-tube problem on
the stick lengths that adult humans used to solve the problem.
In Experiment 1, we examined whether people’s tool prefer-
ences for retrieving an out-of-reach object in a tube might
more closely resemble those reported with laboratory crows if
people could modify a single stick to an ideal length to solve
the problem. Contrary to when adult humans have selected a
tool from a set of ten sticks, asking people to modify a single
stick to retrieve an object did not generally result in a stick
whose length was related to the object’s distance. Consistent
with the prior research, though, the working length of the stick
was related to the object’s distance. In Experiment 2, we
examined the effect of increasing the scale of the stick-and-
tube problem on people’s tool preferences. Increasing the
scale of the task influenced people to select relatively shorter
tools than had selected in previous studies. Although the
causal structures of the tasks used in the two experiments
were identical, their results were not. This underscores the
necessity of studying physical cognition in relation to a par-
ticular causal structure by using a variety of tasks and
methods.
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When presented in a laboratory setting with a set of ten sticks
of different lengths with which to drag an object out of a
horizontal tube, crows frequently selected a stick that matched

the distance over which an object had to be retrieved or the
length of the longest stick in the set (Chappell & Kacelnik,
2002). When tested in a naturalistic setting, this same species
selected tools whose lengths were positively correlated with
the depth of a hole that contained food, though the length of
the tool did not reliably match the distance to the food (Bluff,
Troscianko, Weir, Kacelnik, & Rutz, 2010). In another study
conducted in a naturalistic setting, New Caledonian crows
frequently selected on their first attempt twigs or leaf stems
that were too short to reach the food, and only selected a twig
or stem that was long enough to retrieve the food on subse-
quent attempts (Hunt, Rutledge, & Gray, 2006). This ability to
choose a tool of sufficient length to retrieve an out-of-reach
object has also been observed in woodpecker finches (Tebbich
& Bshary, 2004) and nonhuman primates (Mulcahy, Call, &
Dunbar, 2005).

Instead of a stick whose length matched the object’s distance
or the longest stick in a set, adult humans prefer sticks that are
slightly longer than necessary to retrieve an object (Silva &
Silva, 2010). This preference was evident on the first attempt to
retrieve an object, and was unaffected by increased experi-
ence—that is, by having multiple opportunities to select a stick
and retrieve an object (Silva & Silva, 2012). However, this
preference was affected by providing fewer sticks from which
to select a tool; fewer sticks in a set increased the likelihood of
someone choosing the longest stick if the object was relatively
far (Silva & Silva, 2010). This preference was also affected by
increasing the ambiguity of the problem, in that having less
time to study a problem caused people to choose longer sticks
(Silva & Silva, 2012). In sum, although it depended somewhat
on the distance over which an object had to be retrieved, adult
humans shift their preference from a slightly longer-than-
necessary stick to an even longer stick when there are fewer
tools to choose from and when a tool-use problem is more
ambiguous. Table 1 summarizes the key results of studies that
have investigated subjects’ physical cognition of tool length.
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On the basis of the results above, it seems that New
Caledonian crows’, other avian species’, some nonhuman
primates’, and adult humans’ understandings of physical cau-
sality include the ability to identify the distance to a desired
object, to identify a tool whose length is sufficient to reach the
object, and to anticipate how they will hold and use the tool to
reach this object. But it also seems that adult humans’ tool
selections are influenced by the number and lengths of tools in
a set, as well as perhaps by “cognitive effort,” “margin of
safety,” and “usability.” With regard to cognitive effort, a
heuristic that favors selecting a tool that is slightly longer than
necessary reduces the need for complicated evaluations or
precise judgments of an object’s distance and a tool’s length,
and for careful considerations of how a tool will be held and

used to retrieve the object in a particular environment. This
same strategy produces a balance between margin of safety
and usability. These constructs—cognitive effort, usability,
and margin of safety—and related variables, processes, and
rules may be why adult humans’ tool selections differ from
those of crows on similar tasks. In short, people’s and other
animals’ behavior on tool-use tasks may be due to things (e.g.,
features of the task, associative learning, or procedural rules)
other than simply the causal structure of a task and a subject’s
understanding of physical causality (Silva, Page, & Silva,
2005; Silva & Silva, 2006; Tecwyn, Thorpe, & Chappell,
2012).

In the present study, we examined the effects of two features
of the task—number of choices and size of the problem—on

Table 1 Summary of studies examining physical cognition related to tool length

Study Subjects Object’s
Distance (cm)

Number of Tools and
Lengths (cm) in Set

Results

Chappell & Kacelnik (2002),
Exp. 1

New Caledonian crows 8–26 10 sticks, 8–26 Preferred stick often matched the object’s
distance

Chappell & Kacelnik (2002),
Exp. 2

New Caledonian crow 8–26 10 sticks, 8–26 Preferred stick often the longest stick in the
set1

Tebbich & Bshary (2004),
Exp. 2

woodpecker finches 2–8 5 sticks, 1.5–7.5 Preferred stick slightly longer than object’s
distance2

Mulcahy et al. (2005), Exp. 1 gorillas & orangutans 20 2 sticks, 10 vs. 30 Preferred 30-cm stick

Mulcahy et al. (2005), Exp. 1 gorillas & orangutans 25 2 sticks, 15 vs. 30 Preferred 30-cm stick

Mulcahy et al. (2005), Exp. 1 gorillas & orangutans 10 2 sticks, 15 vs. 30 No preference

Mulcahy et al. (2005), Exp. 2 gorillas & orangutans 25 or 35 2 sticks, 25 vs. 35 Preferred 35-cm stick3

Mulcahy et al. (2005), Exp. 2 gorillas & orangutans 15 or 35 2 sticks, 15 vs. 35 Preferred 35-cm stick3

Mulcahy et al. (2005), Exp. 2 gorillas & orangutans 15 or 25 2 sticks, 15 vs. 25 Preferred 25-cm stick3

Mulcahy et al. (2005), Exp. 6 gorillas & orangutans 15 or 25 1 stick, 15 or 45 Refused tool when it was too short
to reach object

Hunt et al. (2006), Exps. 1 and 2 wild New Caledonian crows 9 or 15 200+, approx. 6–164 First stick’s length independent of object’s
distance5

Bluff et al. (2010) wild New Caledonian crows approx. 1–20 200+, approx. 2–304 Object’s distance a predictor of tool length

Silva & Silva (2010), Exp. 1 adult humans 8 or 16 10 sticks, 8–26 Preferred stick slightly longer than
object’s distance

Silva & Silva (2010), Exp. 2 adult humans 8 2 sticks, 8 vs. 26 Preferred 26-cm stick

Silva & Silva (2010), Exp. 2 adult humans 8 2 sticks, 8 vs. 12 Preferred 12-cm stick

Silva & Silva (2010), Exp. 2 adult humans 8 2 sticks, 12 vs. 26 No preference

Silva & Silva (2010), Exp. 2 adult humans 16 2 sticks, 16 vs. 26 Preferred 26-cm stick

Silva & Silva (2010), Exp. 2 adult humans 16 2 sticks, 16 vs. 20 Preferred 20-cm stick

Silva & Silva (2010), Exp. 2 adult humans 16 2 sticks, 20 vs. 26 Preferred 26-cm stick

Silva & Silva (2010), Exp. 3 adult humans 8 3 sticks, 8, 12, & 26 Preferred 12-cm stick

Silva & Silva (2010), Exp. 3 adult humans 16 3 sticks, 16, 20, & 26 Preferred 26-cm stick

Silva & Silva (2010), Exp. 3 adult humans 8 3 sticks, 12, 20, & 26 Preferred 20-cm stick

Silva & Silva (2012),
Exps. 1a and 1b

adult humans 8 or 16 10 sticks, 8–26 Preferred stick slightly longer than
object’s distance6

Silva & Silva (2012), Exp. 2 adult humans 8 or 16 10 sticks, 8–26 Preferred stick longer than object’s distance7

1 Tools were placed out of sight of the tube. 2 First stick selected was not always successful. 3 Object and tools were presented sequentially rather than
simultaneously. 4 Tools consisted of leaf stems and twigs. 5 If first tool was too short, subsequent tool was likely longer. 6 Preference did not change with
experience. 7 Time to study the problem was limited
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the stick lengths that people used to solve a stick-and-tube
problem. Our general goal was to collect information about
how these features affect the expression of people’s physical
cognition, which in turn may help interpret nonhumans’ behav-
ior on similar tasks or suggest future experiments with nonhu-
man subjects (e.g., Hachiga, Silberberg, Parker, & Sakagami,
2009; Silberberg et al., 2013; Silva et al., 2005; Silva & Silva,
2006).

Experiment 1

One paradigm used to investigate which features of tools
animals attend to involves presenting the animals with a set
of tools that vary in their functional (e.g., length) or nonfunc-
tional (e.g., color) features, and then having experimenters
observe the tools that the subjects select. A second paradigm
used to investigate which features of tools influence subjects’
preferences requires subjects to combine or modify potential
tools in order to solve a problem, and having experimenters
observe the characteristics of the manufactured tool (e.g.,
Visalberghi, Fragaszy, & Savage-Rumbaugh, 1995). In Ex-
periment 1, we used a tool modification paradigm to examine
whether adult humans’ tool preferences might more closely
resemble those of laboratory crows (e.g., Chappell &
Kacelnik, 2002) if, instead of selecting a tool from a set of
ten sticks, people could modify a single stick to what they
deemed the ideal length to solve the problem. We chose to
study this variable because prior research has shown that the
number and lengths of available tools influence people’s tool
selections (e.g., Silva & Silva, 2010; see also Table 1). In this
regard, people’s tool preferences may reflect a compromise
based on the available choices.

Three outcomes were possible: Participants might prefer
sticks whose average length was about the same as, shorter
than, or longer than the average length of sticks that people
selected in previous studies to retrieve an object at the same
distance. Given that the causal structure and dimensions of the
task were identical to those used previously, the participants in
Experiment 1 might construct stick tools that would be about
the same length as those that participants had selected in
previous studies (e.g., Silva & Silva, 2010, 2012). Alterna-
tively, given that the number and lengths of available tools
influenced people’s tool selections (Silva & Silva, 2010),
reducing the set of tools to a single stick that could be mod-
ified might affect people’s tool length preferences. What was
unknown was whether people would modify the stick to a
length that more closely approximated the distance over
which an object had to be retrieved (cf. Chappell &
Kacelnik, 2002) or to a length that was longer than had been
reported. Although we previously outlined a model of tool
length preference (see Silva & Silva, 2010), this model re-
quires at least two tools from which to choose. With only a

single tool that could be modified, several factors could influ-
ence the participants’ preferences (e.g., the initial length of the
stick; the distance of the object; the participant’s estimate of
the object’s distance; or the participant’s analysis, assessment,
and management of risk). Given that adult humans shift their
preferences from a slightly longer-than-necessary stick to an
even longer stick when there are fewer tools to choose from, it
seemed most likely that the participants in Experiment 1
would construct tools that were longer than those selected by
people presented with a set of ten stick tools (e.g., Silva &
Silva, 2010).

Method

Subjects A group of 32 undergraduate students (26 females,
six males) attending a small liberal arts university in southern
California volunteered for the study in partial fulfillment of a
course’s requirements.

Materials A 0.25-cm-diameter wooden dowel served as the
tool that participants could modify and then use to retrieve a
candy (M&M) from a transparent tube (4-cm diameter, 30 cm
long) that was closed at one end. The dowel was 26 cm long,
the same as the length of the longest stick used in previous
studies (e.g., Chappell & Kacelnik, 2002; Silva & Silva, 2010,
2012). The tube was secured to a wooden frame, and this
apparatus sat on a table. The experimenter placed the object
randomly either 8 or 16 cm from the open end of the tube. The
dowel was laid flat on the table and was centered and perpen-
dicular to the tube. Figure 1 shows a schematic of the appara-
tus. For participants who opted to modify the dowel, a marker
was used to draw a line on the dowel, and a Stanley 10-in.
(25.4-cm) mini hacksaw was used to cut it.

Procedure The participants were run individually. After the
experimenter had randomly assigned a participant to retrieve
the candy, placed either 8 or 16 cm from the opening of the
tube (n = 16 for each distance), a trial began with the

Fig. 1 A schematic (not drawn to scale) of the stick-and-tube problem
used in Experiments 1 and 2. Note that in Experiment 1, only a single 26-
cm stick that could be modified was available. In Experiment 2, partic-
ipants could select a tool from a set of ten sticks (as shown). The distance
of the object from the open end of the tube was either 8 or 16 cm (Exp. 1)
or 68 or 136 cm (Exp. 2)
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experimenter asking a participant to enter the room and stand
in front of the materials while the experimenter read the
instructions. The experimenter told participants that they were
participating in a study about how people use tools to solve
problems, and that they had one attempt to use the stick to
retrieve the candy from the tube. Participants were told that, if
they wished, they could shorten the stick by cutting it. In
addition, everyone was told explicitly that they did not have
to cut the stick if they did not want to. If someone wanted to
cut the stick, the experimenter instructed him or her to draw a
line on the stick at the location where it would be cut. After
drawing the line, a participant was asked to cut the stick with
the saw. Once someone cut the stick, he or she was instructed
to hold the stick as if ready to retrieve the candy. Participants
who did not cut the stick were told the same. When a partic-
ipant was ready, the experimenter measured the distance be-
tween the working end of the stick’s tip (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 experimenter then instructed the participant to
retrieve the object. The participant could move around to
any side of the table to retrieve the candy. After retrieving
the object, participants explained their reason for using the
stick length that they had used. All statistical tests were two-
tailed with α = .05.

Results and discussion

Thirteen of 16 participants cut their sticks before attempting to
retrieve the candy at the 8-cm distance; a further 14 of 16
participants did the same at the 16-cm distance. Figure 2
shows the mean lengths of the sticks and their working lengths
when the candy was 8 or 16 cm from the open end of the tube.
For the 8-cm distance, the mean length of the stick was
18.82 cm (SD = 5.22); for the 16-cm distance, the mean length
was 21.15 cm (SD = 3.12). The difference between thesemean

lengths was not statistically significant [independent-samples t
test: t(30) = 1.53, p = .136]. As holding a stick tool requires,
the working lengths of the sticks were shorter than their actual
lengths. However, the mean working lengths of the sticks
were significantly shorter at the 8-cm distance than at the
16-cm distance, 13.78 cm (SD = 3.43) versus 17.88 cm
(SD = 2.01), respectively [independent-samples t test: t(30) =
4.11, p < .001, Cohen’s d = 1.45]. Regardless of the object’s
distance, the portions of the stick held in a participant’s hand
were not significantly different: 5.04 cm (SD = 3.68) at the 8-
cm distance and 3.27 cm (SD = 2.26) at the 16-cm distance
[independent-samples t test: t(30) = 1.63, p = .114].

The results also showed that both the actual and working
lengths of the sticks were significantly longer than the
object’s distance [single-sample t tests: 8-cm distance,
ts(15) > 6.72, ps < .0001, Cohen’s ds > 1.68; 16-cm distance,
ts(15) > 3.72, ps < .003, Cohen’s ds > 0.93]. Thus, neither the
mean length of the sticks nor their working lengths matched
the distance over which an object was retrieved.

When asked to explain their reasons for using the stick
length that they had used, participants who retrieved the candy
over the 8-cm distance often said something about the stick’s
length and usability (e.g., “I wanted it [the stick] to be as long
as possible, but not as long as it was.” “If it was too long, the
stick would hit the side of the tube, but I needed it to get
around the object to pull it in.” “I would rather cut and leave
the stick longer than shorter to reach it, and I wanted to angle
it.”). People who retrieved the object over the 16-cm distance
also referred to the stick’s length and usability (e.g., “The
longer the better, and it seemed safer to stay longer.” “If I
cut the stick too short I may not be able to reach it, but if I left it
too long it won’t make a difference.” “I thought it would be
long enough to overreach and pull toward me.” “It would just
reach the M&M without being too long, and it would be
awkward to use if it was too long.”). The participants who
did not cut the stick reasoned that they could simply adjust
how they held it (e.g., “If I wanted a shorter stick, I could hold
it up higher to make a shorter stick.”).

Experiment 1 showed that the working length, but not the
stick’s length, was related to the candy’s distance. These
results differ from those obtained in previous studies of tool
selectivity, in which both the mean length of the stick and its
working length were related to an object’s distance (Silva &
Silva, 2010, 2012). However, these results might reflect a bias
similar to those shown by gorillas and orangutans; these
animals prefer the longer of two tools, regardless of whether
both tools or only the longer one can reach an object (Mulcahy
et al., 2005). Relative to our previous studies with adult
humans, it seems that the length of the stick used to retrieve
an object placed 8 cm from the opening of the tube was most
different (see Table 2). In Experiment 1, the mean length of
this stick was longer than in the previous studies. The length
of the stick used to drag the object 16 cm was more similar to

Fig. 2 Mean lengths of the sticks (gray bars) and their working lengths
(white bars) in Experiment 1 when the candy was 8 or 16 cm from the
open end of the tube. Error bars show the standard deviations. The dashed
lines across the bars show the distances of the candy from the open end of
the tube
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the lengths of sticks that had been selected to do the same in
previous studies.

A general implication of these results is that they highlight
the importance of the task, in terms of both its causal structure
and its nonfunctional features, in the study of physical cogni-
tion (see Silva et al., 2005; Silva & Silva, 2006; Tecwyn et al.,
2012). Despite the fact that we can be reasonably certain that
adult humans’ physical cognition consists of an intuitive
understanding of constructs such as “gravity” and “transfer
of force,” and that the causal structure and dimensions of the
problem used in Experiment 1 were identical to those used
previously to study people’s folk physics (e.g., Silva & Silva,
2010), modifying a single stick to an ideal length produced
different results from selecting a stick from a set of ten. That
this difference, which is related to the “evaluation and choice”
phase of the problem rather than the “execution and solving”
phase, influenced the length of the sticks that people preferred
underscores the necessity of studying physical cognition in
relation to a particular causal structure by using a variety of
tasks and methods (Girndt, Meier, & Call, 2008; Martin-
Ordas, Jaeck, & Call, 2012; Seed, Call, Emery, & Clayton,
2009; Tecwyn et al., 2012; Teschke & Tebbich, 2011).

A more specific implication of these results is that they
suggest that people’s tool selections may be modulated by
factors similar to those that influence people’s decisions in
other situations. For example, the initial length of the tool used
in Experiment 1 could anchor people’s judgments of how long
of a stick they would need to retrieve the object, just as people
estimating the percentage of African countries in the United
Nations are influenced by giving them an initial value before
they estimate the real value. A lower initial value of 10 %
results in a lower estimate (25 %) than a higher initial value of
65 %, which produces an estimate of 45 % (see Tversky &
Kahneman, 1974). It seems likely that anchoring and other
context effects, such as shifts in preferences due to the avail-
able choices (e.g., Trueblood, Brown, Heathcote, &
Busemeyer, 2013), influence what people consider the ideal
stick length to retrieve an out-of-reach object.

Another set of influences during the evaluation phase may
be related to risk—analysis (i.e., identifying unwanted out-
comes), assessment (i.e., assigning probabilities and values to
unwanted outcomes), andmanagement (i.e., selecting a course
of action to reduce the likelihood or intensity of unwanted
outcomes). In Experiment 1 and previous studies (e.g., Silva

& Silva, 2010, 2012), several participants had explained that
they modified a stick to a particular length or selected a
particular stick because that length provided amargin of safety
related to estimating the object’s distance or potential prob-
lems that could occur when retrieving the object. These anal-
yses, assessments, and management of risk are themselves
influenced by heuristics and biases, such as the ease with
which examples of unwanted events come to mind (i.e., the
availability heuristic) or the fact that people are risk-averse
and thus attach more value to losses than to comparable gains
(Tversky & Kahneman, 1974). Viewed in this manner, it may
be difficult to distinguish between “Does the subjects’ behav-
ior reflect a conservative strategy related to risk?” versus
“Does the subjects’ behavior reflect a failure to accurately
encode the object’s distance?” (e.g., Mulcahy et al., 2005).
Perhaps a conservative strategy of using a longer-than-
necessary tool reduces the need to accurately encode an ob-
ject’s distance. That every participant in Experiment 1 pre-
ferred a stick that was long enough to reach the object shows
that any heuristics and biases were not detrimental and may
have actually been beneficial (Gigerenzer & Gaissmaier,
2011).

Experiment 2

An anonymous reviewer of a previous study (i.e., Silva &
Silva, 2012) had commented that differences between adult
humans’ and crows’ tool selections might be due to the scale
of the stick-and-tube problem. What is a body-sized problem
for a crow is only a forearm-sized task for an adult human.
Sabbatini et al. (2012) made a similar comment after analyz-
ing the differences between chimpanzees’ and capuchin mon-
keys’ behavior on a tool-use task. Using the same-sized tools
and task to study species of disparate body sizes imposes
different demands on the use of the tools, independent of the
animals’ physical cognitions, that might produce differences
in the species’ behavior.

A 30-cm tube and a set of 8- to 26-cm stick tools were
designed to examine crows’ physical cognition, and the scale
of this stick-and-tube task was comparable to the bodily
dimensions of these birds. Perhaps a crow’s tool selection is
mediated by mechanisms and processes related to minimizing
energy expenditure and procurement time while maximizing

Table 2 Mean stick lengths from
Experiment 1 and previous
studies with adult humans

Present Exp. 1 Silva & Silva (2010), Exp. 1 Silva & Silva (2012), Exp. 2
Object’s Distance Mean (SD) Mean (SD) Mean (SD)

8 cm 18.82 (5.22)

n = 16

15.50 (5.40)

n = 13

16.40 (3.23)

n = 10

16 cm 21.15 (3.12)

n = 16

22.60 (6.60)

n = 13

20.80 (2.35)

n = 10
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the likelihood of obtaining the out-of-reach food. No such tool
selection pressure exists when adult humans are using crow-
sized sticks and tubes. A more comparable stick-and-tube task
for adult humans would be one whose dimensions were
proportionally similar to the size of adult humans just as
stick-and-tube tasks used with crows are proportional to the
size of their bodies. In Experiment 2, we used a tool selection
paradigm to examine the effect that increasing the scale of the
stick-and-tube problem from crow-sized to human-sized
would have on people’s tool preferences.

A larger, human-sized task should be more challenging to
use than a smaller, crow-sized task. For this reason, the selec-
tion pressure may favor choosing a stick tool that is relatively
shorter, lighter, and easier to maneuver than those chosen in
previous studies with a crow-sized tube and sticks. However,
if the causal structure of the task trumps the influence of its
scale, then the stick selected should be proportionally equiv-
alent in length (i.e., of the same ordinal value within the tool
set) to those selections reported previously (e.g., Silva &
Silva, 2010, 2012).

Method

Subjects A group of 64 undergraduate students (43 females,
21 males) attending a small liberal arts university in southern
California volunteered for the study in partial fulfillment of a
course’s requirements.

Materials Ten 1.6-cm-diameter dowels, ranging in length
from 68 to 221 cm in increments of 17 cm, served as the
tools. Participants selected one of the sticks to retrieve a puck-
shaped foam object (10.0-cm diameter, 1.50-cm height) from
a transparent tube (34-cm diameter, 244 cm long) closed at
one end. The tube was secured to a wooden frame, and the
whole apparatus sat on several tables pulled together.

The experimenter placed the object randomly either 68 or
136 cm from the open end of the tube. These distances were
measured from the edge of the object farthest from the open-
ing of the tube and were proportionally similar to the 8- and
16-cm distances used with the smaller apparatuses in Exper-
iment 1 and previous studies. The sticks were laid flat on
several tables and were centered and perpendicular to the tube.
Each stick was separated by 15 cm from an adjacent stick, the
bottoms of the sticks were aligned, and the positions of the
sticks varied randomly between participants. Figure 1 shows a
schematic of the apparatus and the setup.

Procedure The participants were run individually. After the
experimenter had randomly assigned a participant to retrieve
the object placed either 68 or 136 cm from the opening of the
tube (n = 32 for each distance), a trial began with the exper-
imenter asking a participant to enter the room and stand in
front of the materials while the experimenter read the

instructions. The experimenter told participants that they were
participating in a study about how people use tools to solve
problems, and that they had one attempt to select and use a
stick to retrieve the object from the tube. When a participant
was ready, the experimenter asked him or her to select a stick
and to hold it as if he or she was ready to retrieve the object.
The experimenter recordedwhether a participant held the stick
with one or two hands and measured the working length of the
stick (as in Exp. 1). The participant could move around to any
side of the tables to retrieve the object. Participants were not
restricted from inserting their hands into the tube. If a partic-
ipant inserted his or her hand(s) into the tube, the experimenter
measured the distance between the open end of the tube and
the tip of the participant’s finger that was inserted farthest into
the tube. After retrieving the object, participants were asked to
explain their reason for selecting the stick that they had used.
All statistical tests were two-tailed with α = .05.

Results and discussion

Seventeen of 32 participants (53 %) inserted at least one of
their hands into the tube when the object was 68 cm from the
opening; a further 21 of 32 participants (66 %) did the same at
the 136-cm distance. These proportions were not significantly
different (z = 1.02, p = .31). Nine of the participants (28 %)
used two hands to hold the stick and retrieve the object when it
was 68 cm from the opening of the tube; 14 participants (44%)
did the same at the 136-cm distance. These proportions also
were not significantly different (z = 1.30, p = .19). Finally, the
mean distances that the participants inserted their hand(s) into
the tube were not significantly different: 4.38 cm (SD = 6.47)
and 7.59 cm (SD = 8.67), for the 68- and 136-cm distances,
respectively [independent-samples t test: t(62) = 1.66, p =
.102]. In sum, the manners in which participants used the stick
tools were similar regardless of the object’s distance.

Figure 3 shows the mean lengths of the sticks selected by
the participants and the sticks’ working lengths when the
object was 68 or 136 cm from the open end of the tube. For

Fig. 3 Mean lengths of the sticks (gray bars) and their working lengths
(white bars) in Experiment 2 when the object was 68 or 136 cm from the
open end of the tube. The details are the same as in Fig. 2
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the 68-cm distance, the mean length of the sticks selected was
significantly shorter (M = 112.63 cm, SD = 20.60) than that of
the sticks selected at the 136-cm distance (M = 166.82 cm,
SD = 20.90) [independent-samples t test: t(62) = 10.45, p <
.001, Cohen’s d = 2.61]. As holding a stick tool requires, the
working lengths of the sticks were shorter than their actual
lengths. However, the mean working lengths of the sticks were
significantly shorter at the 68-cm distance than at the 136-cm
distance: 86.03 cm (SD = 19.97) versus 143.03 cm (SD =
18.79), respectively [independent-samples t test: t(62) =
11.76, p < .0001, Cohen’s d = 2.94]. Regardless of the object’s
distance, the portions of the sticks held in a participant’s
hand(s) were not significantly different, 26.59 cm (SD =
10.26) at the 68-cm distance and 23.78 cm at the 136-cm
distance (SD = 14.89) [independent-samples t test: t(62) =
0.88, p = .382].

The results also showed that both the actual and working
lengths of the sticks were significantly longer than the object’s
distance [single-sample t tests: 68-cm distance, ts(31) > 5.10,
ps < .001, Cohen’s ds > 0.90; 136-cm distance, ts(31) > 2.12,
ps < .05, Cohen’s ds > 0.37]. Thus, neither the mean length of
the sticks nor their working lengths matched the distance over
which the object had to be retrieved.

Although the mean lengths of the sticks and their working
lengths did not match the retrieval distance, we could check
whether the matching-length stick was selected more or less
often than would be expected by chance. It was not. No one
selected a matching stick at the 68-cm distance [binomial
parameters: n = 32, k = 0, p = .1, P of 0 or more out of 32 =
1.0], and only three participants selected the matching stick at
the 136-cm distance [binomial parameters: n = 32, k = 3, p =
.1, P of 3 or more out of 32 = .63]. None of the 64 participants
selected the longest stick in the set [binomial parameters: n =
64, k = 0, p = .1, P of 0 or more out of 64 = 1.0].

When asked to explain their selections, most people said
something about the stick’s length in relation to its usability.
For example, some participants who retrieved the object over
the 68-cm distance said, “The stick was long enough to reach,
but not so long that I couldn’t maneuver it” and “I didn’t
choose the longer because it would be hard to control. I would
have more control with a shorter stick.” Participants who
retrieved the object over the 136-cm distance provided similar
reasons: “It [the stick] was long enough but I still have
control” and “I chose on the longer side in case it was too
short, but not too long because it would be too difficult.”
These reasons were similar to those of people who solved
the smaller, crow-sized task (e.g., Silva & Silva, 2010, 2012,
and Exp. 1 above).

Experiment 2 showed that the lengths of the sticks selected
by the participants were influenced by the object’s distance.
Relative to previous studies in which adult humans had se-
lected a stick to retrieve an object that was 8 or 16 cm from the
opening of the tube, using a human-sized tube and sticks

resulted in the participants choosing a stick whose length
was more similar to the object’s distance. Table 3 shows
the mean standardized lengths of the sticks selected in Ex-
periment 2 and in previous studies in which the object’s
distance was 8 or 16 cm. To obtain the standardized means
and standard deviations, we divided the actual means and
standard deviations by the length of the longest stick in an
experiment (221 cm in Exp. 2 and 26 cm in the previous
studies); thus, the greater the standardized mean, the more
similar the length of the average stick was to the length of
the longest stick in a set.

As is shown in Table 3, people selected relatively shorter
sticks when the stick-and-tube task was more than 8 times
larger than in previous studies (e.g., Silva & Silva, 2010,
2012). It seems that increasing the scale of the task did make
adult humans’ tool selections more similar to those of labora-
tory crows, in that the preferred stick length was closer to the
object’s distance. Although this outcome could be a direct
result of the scale of the task, it could also be an indirect result
of this scale. Specifically, because participants could insert
their hands and arms into the large tube, they could select a
relatively shorter stick and still successfully retrieve the ob-
ject. This is similar to a crow that inserts its bill into a tube to
retrieve an object with a stick. In these circumstances, the
functional length of a stick is made longer by inserting a hand
(in the case of humans) or a bill (in the case of crows) into a
tube to get the object. Despite this similarity in people’s and
laboratory crows’ tool selections and use, people continued to
select tools that were longer than the objects’ distances, but
not the stick that matched this distance or the longest stick in
the set, two strategies that have been observed with some
crows (Chappell & Kacelnik, 2002; Wimpenny, Weir,
Clayton, Rutz, & Kacelnik, 2009; but see Hunt et al., 2006).
Overall, it appears that the reasons for selecting a stick that is
longer than necessary, but not the same length as the object’s
distance or the longest stick in a set, were the same as in
previous studies: Sticks that are longer than the distance to the
object are long enough to reach the object while being ma-
neuverable enough to have control while retrieving the object.

Table 3 Mean standardized stick lengths from Experiment 2 and
previous studies with adult humans

Present
Exp. 2

Silva & Silva
(2010) Exp. 1

Silva & Silva
(2012) Exp. 2

Object’s Distance Mean (SD) Mean (SD) Mean (SD)

Near .52 (.09)
n = 32

.60 (.21)
n = 13

.63 (.12)
n = 10

Far .75 (.09)
n = 32

.87 (.25)
n = 13

.80 (.09)
n = 10

In Experiment 2, the near and far distances were 68 and 136 cm, respec-
tively, from the opening of the tube. In the previous experiments, these
distances were 8 and 16 cm, respectively
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General discussion

The purpose of this study was to examine the effect of mod-
ifications to the features, but not to the causal structure, of a
stick-and-tube problem on the stick lengths that adult humans
would use to solve the problem. In Experiment 1, contrary to
results obtained when adult humans selected a tool from a set
of ten sticks (e.g., Silva & Silva, 2010, 2012), asking partic-
ipants to modify a single stick to what they considered its ideal
length for retrieving an out-of-reach object in a tube did not
yield a stick length that was generally related to the object’s
distance. Consistent with prior research, though, the average
working length of the stick was related to the object’s distance:
An object positioned 8 cm from the opening of the tube
resulted in people using sticks with shorter working lengths
than they did when the object was 16 cm from the opening of
the tube.

It is unclear why providing participants with only a single
stick that they could modify instead of ten sticks from which
to select a tool produced different results. We mentioned
above that people’s tool selections may be modulated by
factors similar to those that influence people’s judgments
and decisions in other situations—anchoring, heuristics,
biases, the number and types of available choices, and risk
analysis, assessment, and management (see Gigerenzer &
Gaissmaier, 2011; Kahneman & Tversky, 1979; Trueblood
et al., 2013; Tversky & Kahneman, 1974). In relation to risk,
something more permanent or uncorrectable about cutting an
object—whether that object is a dowel, a piece of lumber, or a
sheet of paper—might cause people to err on the side of
caution. Carpenters and builders are aware of the adage,
“Measure twice, cut once.” The core of this adage is that if
you cut wood improperly short, it may be unusable. To protect
against cutting something too short, one should leave it a little
longer. The influence of the object’s distance also might be
modulated by past experiences and rules similar to “cut no
more than one-third of your lawn’s height.” Given the initial
length of the stick and the objects’ distances, it seems that
participants did not want to remove more than x% of the
stick’s length. Or perhaps the difference between the results
of Experiment 1 and those of related studies with adult
humans (e.g., Silva & Silva, 2010, 2012) is that the absence
of a set of sticks from which to select a tool might have
resulted in a shift from using relational rules (“select the
longest stick” or “select the stick that is just longer than the
object’s distance”) to more absolute rules (e.g., “cut no more
than x% of the stick’s length”).

Regardless of the reason, it seems that the lengths of the
sticks used to retrieve the object over the 8-cm distance in
Experiment 1 differed from the lengths of the sticks that had
been selected to do the same in previous studies (see Table 2).
Had the objects’ distances in Experiment 1 been more dissim-
ilar (e.g., 4 vs. 24 cm), the lengths of the actual sticks modified

by the participants might have been related to the objects’
distances. Indeed, Mulcahy et al. (2005) showed that gorillas’
and orangutans’ preferences for longer tools were more pro-
nounced when the differences between the tools’ lengths were
more pronounced. Although evaluating the correctness of this
possibility and others—especially those related to objective
quantities (e.g., the object’s distance, the length of the tools, or
the number of tools in a set)—requires parametric investiga-
tions, a potentially fruitful line of research is the development
of specific quantitative models to guide such investigations
and provide a context in which to interpret results (see Allen,
2014; Chappell & Hawes, 2012).

Note that there was not a major cost to leaving a stick
unnecessarily long by a few centimeters (see also Mulcahy
et al., 2005). A satisficing strategy (Simon, 1956) that in-
volves selecting or manufacturing a stick that is long enough
to reach the object but not too heavy or unwieldy is “good
enough” if a participant adjusts how she or he holds the stick
in order to compensate for any subjective imperfection in its
actual length. The different average working lengths corre-
sponding to the objects’ distances shows that this is indeed
what the participants did. Such a strategy also reduces the
cognitive effort related to estimating lengths, distances, and
use. It is worth noting that other primates sometimes prefer
longer tools even when a shorter tool is good enough
(Mulcahy et al., 2005). Whether these nonhumans’ behavior
simply accords with a satisficing strategy or whether these
animals problem-solve with deliberate attention to satisficing
may be impossible to say.

In Experiment 2, substantial changes to the scale of the
tools and the problem produced results that differed from
those reported in previous studies with adult humans (Silva
& Silva, 2010, 2012). However, when asked to justify their
selections, people’s explanations were similar to those report-
ed previously. It seems that people chose a stick that was long
enough to reach the object, but not so long as to impair its
usability. This length-to-usability ratio is important enough
that people consider it when evaluating both a crow-sized
stick-and-tube problem and a similar, human-sized problem.
Despite this similarity of reasoning, increasing the scale of the
problem influenced people to select a relatively shorter tool,
perhaps because increasing the size of the sticks to human size
altered the usability portion of the length-to-usability ratio:
Larger and heavier sticks may have resulted in greater percep-
tible stick-to-stick usability than when crow-sized sticks were
used. Because people could insert their hands and arms into
the tube, the selection pressure may have favored choosing a
slightly shorter stick tool that was easier to use.

In the case of adult humans, the emerging picture is that
their tool selections are influenced by their understanding of
the causal structure of a task and its specific features, such as
the number and lengths of stick tools, how much time people
have to study a problem, and the scale of the task. The effect of
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these features may be mediated by variables and processes
related to judgment and decision-making, such as cognitive
effort, heuristics, biases, usability, and risk. It remains for
future research to determine whether these and other factors
similarly influence the expression of nonhuman animals’
physical cognition.

To some extent, the precise reasons for the absence of a
clear relation between an object’s distance and the lengths of
the sticks that people modified (Exp. 1) or why a larger stick-
and-tube problem influenced people to select relatively shorter
sticks (Exp. 2) may be less important than the fact that changes
to the features of the task (e.g., whether subjects selected or
modified a stick, or the size of the sticks and tube) affected the
lengths of the sticks that people preferred when solving the
problem. In Experiment 1, the causal structure of the task and
its scale were identical to those used in previous studies (e.g.,
Silva & Silva, 2010, 2012). In Experiment 2, the causal
structure and procedure were identical to those used in previ-
ous studies (e.g., Silva & Silva, 2010, 2012). The results of
these experiments illustrate that the specific features of the
task used to study physical cognition cannot be overlooked or
devalued; people are sensitive to more than the casual struc-
ture of the task. Changing these nonfunctional features chang-
es people’s behavior, even when their folk physics or under-
standing of the problem may be unchanged (see also Silva
et al., 2005; Silva & Silva, 2006).

The same rationale applies to the study of nonhumans’
physical cognition. In studies designed to pit a high-level,
generalizable, cognitive view of an animal’s folk physics
against a low-level, task-specific, perception-based view
(e.g., Povinelli, 2000), the outcome of this competition is
relatively unimportant if a change in the nonfunctional fea-
tures of the task, but not in its causal structure, produces
different results (e.g., Martin-Ordas et al., 2012). This is one
reason why there are no widely agreed-upon litmus tests for a
particular cognitive ability (Seed, Seddon, Greene, & Call,
2012), why researchers are calling for an analysis of the
component parts of “insightful” tool-use behavior (Cheke,
Bird, & Clayton, 2011; Seed & Boogert, 2013; Shettleworth,
2009), and why it is necessary to elucidate causes in terms of a
multitude of mechanisms and processes (e.g., inhibitory con-
trol, attention shifting, or working memory capabilities) and
variables (e.g., the size of the problem and number of tools)
before concluding that an animal does or does not possess a
particular cognitive ability (Seed et al., 2012; Tecwyn et al.,
2012). Experiments with adult humans may help researchers
by providing a context in which to interpret nonhumans’
behavior on similar tasks and by identifying key variables that
should be controlled and understood before forming conclu-
sions about a species’s physical cognition (see also Boogert,
Arbilly, Muth, & Seed, 2013).

The real challenge, though, is sketching the conditions for a
comparative study of physical causality. As a reviewer asked:

What are the critical conditions for making valid cross-species
comparisons? Howmany variations are enough?What are the
most important or revealing manipulations? Specific answers
are elusive, but studies of concept learning have provided
general guidelines (e.g., Katz, Wright, & Bodily, 2007; Vonk
& MacDonald, 2002; Zentall, Galizio, & Critchfield, 2002).
For example, what conditions are necessary before a research-
er can claim that a subject understands “shapes” or “colors”?
Presumably, the answer is that the subject responds appropri-
ately to certain specifiable characteristics across a wide range
of situations. A subject that understands shapes might differ-
entially respond to keys with a square, a triangle, and a circle
on them. Or perhaps a subject that understands shapes might
correctly point to different shapes when prompted to do so. Or
perhaps a subject that understands shapes can say “square,”
“triangle,” or “circle” when asked the question, “What shape
is that?” The same is true when one is trying to determine
whether a subject understands the numerosity concepts
“more” versus “less,” the temporal concepts “long duration”
versus “short duration,” or paintings byMonet versus Picasso.
How many variations are enough before we conclude that a
subject understands shape, color, numerosity, time, art, or the
relationship between tool length and an object’s distance? No
specific criteria exist, and most if not all understanding breaks
down at boundary conditions. Even something as simple for
most adult humans as distinguishing between “red” and “not
red” becomes impossible in the dark or if the stimuli are
presented so rapidly as to be almost imperceptible. The best
that we can say is that demonstrations of understanding re-
quire that subjects make a common response to a class of
stimuli that have certain specifiable characteristics. The more
varied the responses and the features of the task, the more
evidence we have of a subject’s understanding of these spec-
ifiable characteristics. Along the way, we will collect infor-
mation about what influences the expression of this
understanding.

Author note We thank Thomas F. Gross for helping to construct the
apparatus used in the experiments.
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