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Abstract. To investigate how preschoolers acquire a tool use strategy and how they adapt their tool use to a changed situation, 2- to 4-year-olds
were asked to retrieve chips from a transparent box with a rod, either by stabbing and lifting through a top opening or by pushing through a front
and a back opening. In both conditions, about 40% of the children acquired effective tool use by individual learning, and 90% of the other
children learned this by observing only one demonstration. When confronted with a changed situation (i.e., previous opening covered, alternative
opening uncovered), children perseverated with the recently learned, but now ineffective tool use strategy. Neither age nor acquisition type of the
first strategy affected preschoolers’ perseverations. Results indicate that prior tool use experiences have differential effects in situations that
require either transferring known functions to novel objects or using a familiar tool for an alternative purpose.

Keywords: tool use, preschoolers (2–4 years), learning, transfer, action planning

Tool use is a crucial aspect of human culture, and children
begin to learn this important capability already in the first
year of life. Tool use relies on both social and individual
learning: Watching others informs the child of how to han-
dle an artifact and which outcomes to expect, but efficient
tool use requires own practice. Efficient tool use also
requires the capability to flexibly adapt to different situa-
tions. For instance, the tool movement has to be adjusted
to different locations of the target object, or an alternative
artifact that serves the same function has to be found when
a familiar tool is not available. Moreover, many tools can be
used for different purposes, like a stick for pushing a target
object away, or for picking it up. Although experienced tool
users mostly succeed in adapting their actions to different
situational affordances, flexible tool use may put heavy
demands on the creativity and the problem-solving skills
of adults and children (Yang & Bushnell, 2010). In this
paper, we ask how prior experiences with using tools affect
flexible tool use in preschoolers.

Although efficient tool use emerges at the end of the first
year (see Keen, 2011, for review), young children often fail
to flexibly adapt their tool use. For instance, 12- and 18-
month-olds who were trained to use a novel tool for a spe-
cific function showed poor performance in novel tasks that
required grasping a different part of the tool (Barrett, Davis,
& Needham, 2007). Likewise, 2- to 5-year-olds who had
observed tool use demonstrations subsequently avoided
using the tool for another feasible purpose. Young children
showed this tendency already after one exposure to an arti-
fact’s functional use (Casler & Keleman, 2005). Smitsman
and Cox (2008) allowed 3-year-old preschoolers to explore

a tool for either pushing or pulling an object to a distal or
proximal target location. Then, the target location was
changed from distal to proximal or vice versa. Although
the 3-year-olds discovered the effective tool use strategy
in the first trials, they often perseverated with the recently
used strategy in the changed situation.

Tool use usually involves intentional action because
agents use artifacts to transfer a given state of the environ-
ment into a desired end state. This entails inverse action
planning (Wolpert & Flanagan, 2001), starting from the
intended goal and requiring the selection of appropriate tool
movements. It has been proposed that prior action experi-
ences are important for inverse planning (Elsner, 2007). That
is, agents would first acquire knowledge about relations
between tools, target objects, movements, and produced
action effects. Later, when intending a certain goal, the agent
could activate representations of tool movements that have
led to the desired end state. Human beings tend to see arti-
facts as being ‘‘for’’ a specific purpose, and adopting this
design stance makes tool use highly efficient, because
instead of analyzing the physical properties of the given
objects, the agent may rather look for an object with a
specific function (Bloom, 1996). Yet, a disadvantage of
the beneficial strategy of referring to prior experiences
may be that it makes tool use less flexible.

The questions of what exactly young children learn
when they acquire tool use, and how different types of learn-
ing affect this experience, are recently under discussion.
Some authors state that tool use requires causal understand-
ing of the artifact’s efficacy (e.g., Want & Harris, 2001).
When tool use is learned by observation, it is difficult to tell
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whether children actually recognized the causal relations
between tool motions and outcomes, because simply
mimicking or copying the movement often produces the
observed effects. Other authors doubt the importance of cau-
sal insight for effective tool use, and they state that by active
trial-and-error behavior, children learn to perceive functional
relationships between objects, which are then used to
coordinate perception and action to achieve a goal (e.g.,
Lockman, 2000). Also, it has been claimed that active
experience is needed to build motor representations that
support intentional action and enable the detection and
successful application of functional knowledge (Barrett
et al., 2007).

According to Smitsman and Cox (2008), the selection of
a tool movement that transfers a given state of the environ-
ment into a desired end state is a complex dynamic process,
which is not only affected by the affordances of the involved
objects, but also by prior experiences with the task. There is
evidence that practice and active experience support the
transfer of learned tool use strategies to novel objects.
Hayne, Barr, and Herbert (2003) found that only 18-
month-olds who practiced tool use actions on demonstration
objects generalized the actions to other objects that shared
the same function, and other authors reported similar find-
ings for 12- and 15-month-olds (Elsner & Pauen, 2007;
Yang & Bushnell, 2010). Thus, prior experiences may have
differential effects on subsequent tool use, depending on
whether the task is to transfer a known function to a novel
object or to use a tool with a familiar function for an alter-
native purpose.

The present study had two main research goals. First, we
wanted to see what 2- to 4-year-old preschoolers learn from
acquiring a certain tool use strategy either individually or by
observation. In detail, children used a rod to retrieve poly-
styrene chips from a transparent box, either by pushing
through openings at the front and back side, or by stabbing
and lifting through an opening on the top side (see Flynn &
Whiten, 2008, for similar task demands). All children were
first allowed to discover the effective tool use strategy for a
given opening by individual learning. Those children who
did not retrieve four chips in the exploration phase partici-
pated in an imitation phase, in which effective tool use
was demonstrated by the experimenter.

Our second goal was to investigate how preschoolers
adapt a recently acquired tool use strategy to changed envi-
ronmental conditions. In a transfer phase, the current open-
ing was covered and the alternative opening uncovered, so
that children had to use the rod in a different way to retrieve
the chips. Especially, we were interested in whether pre-
schoolers would perseverate with the recently learned strat-
egy. Moreover, we studied the impact of the type of learning
by which the first strategy had been acquired on preschool-
ers’ tool use in the transfer phase. Children who solved the
tool use problem on their own in the exploration phase may
not exhibit much perseverations in the transfer phase,
because their tool use experience may also help them to
adjust their tool use to the changed situation. In contrast,
children who had to see the tool use demonstration may
be inclined to perseverate with the recently learned strategy
in the transfer phase.

Method

Participants

Fifty-two preschoolers participated in the study (21 boys,
31 girls; M age = 41.6 months, SD = 8.2). An additional
eight children participated, but were excluded from the anal-
yses because they did not touch the materials. Children were
recruited from nurseries and received a certificate as a
reward. The parents signed informed consent forms.

Materials

Materials were a plexiglass box (L·W ·H: 20· 30 · 20 cm),
polystyrene chips, a plastic rod, and four cups (see Figure 1).
The box had a 6 cm square opening at the front left corner of
the top side, and one rectangular opening (W · H: 6 · 2 cm)
centrally at the lower front and back side, respectively. The
white plastic rod (L: 38 cm) had one end with prongs, painted
red, and the other end cut flat, painted black.

Procedure

All children were tested individually in their nursery by two
experimenters (E1 and E2). E1 interacted with the child; E2
videotaped all experimental phases for later coding. The
whole session lasted about 30 min. For warm-up, the child
and E1 played together with building bricks (3–5 min).

Figure 1. Materials of the study: the transparent box with
the openings on the top side and at the front and the back
side, the chips inside the box, the four cups, and the rod
that could be inserted through (a) the top opening for
stabbing or (b) the front opening for pushing.
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Once the child seemed comfortable, E1 placed the materials
on the table, with the box’s top opening facing the child.
Children were randomly assigned to two experimental con-
ditions. In top-open (n = 32), the box’s top opening was
uncovered and the side openings were covered with card-
board, whereas in side-open (n = 20), the side openings were
uncovered and the top opening was covered.

In the exploration phase, E1 explained the task as to
retrieve ‘‘little sheep’’ (the chips) from the box and put them
‘‘into their beds’’ (the four cups). E1 then handed the rod to
the child (in a random orientation across trials) and encour-
aged her to act on the material. The exploration phase ended
when the child had retrieved four chips, or after a maximum
of 4 min.

Those children who did not retrieve four chips partici-
pated in an imitation phase, in which E1 demonstrated effec-
tive tool use. That is, in top-open, E1 inserted the rod
through the top opening, stabbed a chip with the prongs
end, and retrieved it by lifting the rod. In side-open, E1
inserted the rod through the front opening, pushed a chip
with the flat end, and retrieved it through the back opening.
Then, E1 put the chip into one of the cups, handed the rod to
the child, and encouraged her to retrieve four chips. If the
child did not manage this within 3 min, E1 showed the
action again and gave the child another try. This procedure
was repeated for a maximum of three demonstrations.

In a transfer phase administered to all children, E1 cov-
ered the current opening(s), uncovered the alternative open-
ing(s), and asked the child to again retrieve four chips. The
child was given about 4 min to explore the use of the rod in
the changed situation.

Coding and Scoring

Coders assessed children’s behavior in the exploration
phase, the single imitation trials, and the transfer phase.
Actions with the rod were coded as either stabbing, defined
as approaching chips from above, or pushing, defined as
moving chips horizontally. Both types of behavior were
scored independently from the opening through which the
rod was inserted. Additionally, coders registered other
actions with the material and attempts to retrieve chips with
the hands. For analyses, we calculated relative action times,
defined as the summed duration of stabbing or pushing
actions, respectively, divided by the summed durations of
all behaviors (i.e., stabbing, pushing, hand, other) in a given
phase or trial. Additionally, coders registered the numbers of
successes (i.e., retrieval of a chip) and failures (i.e., just
moving the rod in the box) obtained by stabbing or pushing.
Ten percent of the videos were coded by two separate
coders. Interrater agreement was high, r = .98.

Results

Exploration Phase

Thirty of the preschoolers (57.7%) did not manage to
retrieve four chips during the exploration phase, indicating

that they did not fully acquire the effective strategy by indi-
vidual learning. The percentage of unsuccessful children did
not differ significantly in the two conditions (top-open: 53%;
side-open: 65%), v2(2, N = 52) = 0.71, p > .05. The unsuc-
cessful children were significantly younger (M = 38.2
months, SD = 7.4) than the successful children (M = 46.3
months, SD = 6.9), t(50) = 4.01, p < .001.

Imitation Phase

The preschoolers who had not been successful in the explo-
ration phase (n = 30) quickly learned by observation how to
stab or push: 90% of the children retrieved four chips after
one demonstration (i.e., in the first imitation trial), and only
one child needed three demonstrations.

Two separate ANOVAs were calculated for the two con-
ditions (top-open vs. side-open) on the relative action times
with the within-subject factors action (stabbing vs. pushing)
and phase (exploration phase vs. first imitation trial). The
data are depicted in Figure 2. In both conditions, a signifi-
cant main effect of action indicated that preschoolers spent
more time with the effective (i.e., stabbing in top-open,
pushing in side-open) than with the ineffective action; top-
open, F(1, 16) = 21.30, p < .001, g2 = 0.57; side-open,
F(1, 12) = 32.7, p < .001, g2 = 0.73. Additionally, a signif-
icant main effect of phase showed that children spent more
time with the actions after the first demonstration than in the
exploration phase; top-open, F(1, 16) = 17.54, p < .002,
g2 = 0.52; side-open, F(1, 12) = 8.15, p < .02, g2 = 0.40.
The interaction was significant only in top-open, F(1, 16)
= 15.92, p < .002, g2 = 0.50, but not in side-open,
F(1, 12) = 1.57, p = .24. Post hoc t-tests indicated that the
increase of the relative time of the effective strategy between
the two phases was significant in the top-open condition,
t(16) = �5.51, p < .02, but only approached significance
in the side-open condition, t(12) = �2.20, p = .09. For the
ineffective strategies, differences between the phases were
not significant (both ps > .26). The lack of the increase in
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Figure 2. Relative action time of the effective and the
ineffective tool use strategy in the exploration phase and in
the first imitation trial in the top-open and the side-open
condition, for the children who participated in the
imitation phase (N = 30). Error bars represent standard
errors.
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pushing in side-open may be due to a ceiling effect, because
children spent about 55% of their action time with pushing
already in the exploration phase.

The children’s age [median split: � 39.5 months (M =
32.1, SD = 4.7) vs. > 39.5 months (M = 44.3, SD = 3.4)]
affected these results only in the side-open condition. Here,
the time of pushing increased significantly from the explora-
tion phase to the first imitation trial only for the younger
children (M = 29.1%, SD = 30.7 vs. M = 80.3%, SD =
27.1), t(6) = �3.38, p < .02, but not for the older ones
(M = 86.1%, SD = 20.5 vs. M = 83.3%, SD = 40.8),
t(5) = 0.26, p = .80. Thus, 2- to 3-year-old preschoolers
learned pushing by observation, and the general ceiling
effect for pushing in the side-open condition was caused
mainly by 3- to 4-year-old children.

Additionally, the number of successes obtained with the
effective action increased significantly from the exploration
phase to the first imitation trial in both conditions: top-open
(M = 0.8, SD = 1.4 vs. M = 3.3, SD = 2.5), t(16) = �3.20,
p < .01; side-open (M = 0.5, SD = 1.1 vs. M = 2.4, SD =
1.3), t(12) =�4.32, p < .002. These results were not affected
by the preschoolers’ age (all ps > .12). Thus, children from
2 to 4 years learned to successfully use the effective tool use
strategy from only one demonstration.

Transfer Phase

To examine how preschoolers adapt their tool use behavior
to the changed opening(s), we compared the actions of chil-
dren who faced a certain opening in the exploration and the
transfer phase (i.e., top opening: exploration: n = 32 vs.
transfer: n = 20; side openings: exploration: n = 20 vs. trans-
fer: n = 32).

Separate ANOVAs were calculated for the openings (top
vs. sides) on the relative action times with the within-subject
factor action (stabbing vs. pushing) and the between-subject
factor phase (exploration vs. transfer). The data are depicted
in Figure 3. For the top opening, there was a significant

main effect of phase, F(1, 50) = 4.32, p < .05, g2 = 0.08,
resulting from higher action times in the transfer than in
the exploration phase, and a nonsignificant main effect of
action, F(1, 50) = 0.12, p = .73. For the side openings,
the main effect of phase was not significant, F(1, 50) =
0.31, p = .58, but there was a significant main effect of
action, F(1, 50) = 14.0, p < .001, g2 = 0.22, resulting from
higher action times for pushing than for stabbing. More
importantly, there was a Significant Phase · Action interac-
tion for both the top opening, F(1, 50) = 10.06, p < .005, g2

= 0.17, and the side openings, F(1, 50) = 6.72, p < .02, g2 =
0.12. There was a decrease of the time for the effective
action from the exploration to the transfer phase that
approached significance: stabbing for top opening: t(50) =
1.74, p = .09, d = .50; pushing for side openings, t(50) =
1.82, p = .08, d = .52. However, there was a significant
increase for the ineffective action: pushing for top opening:
t(50) = �4.14, p < .001; stabbing for side openings, t(50) =
�2.83, p < .01. Thus, children tended to spend more time
with the effective strategy on their first exploration of the
material than in the transfer phase. Additionally, they only
rarely used the ineffective strategy with the novel tool in
the exploration phase, but they perseverated with the
recently learned strategy when applying the familiar tool
in the changed situation.

The percentage of children who used the ineffective
strategy also increased significantly from the exploration
(25%) to the transfer phase (64%), v2(2, N = 104) = 15.6,
p < .001. The increased use of the ineffective strategy was
accompanied by a significantly higher number of failures
in the transfer (M = 0.67, SD = 0.12) than in the exploration
phase (M = 0.42, SD = 0.11), F(1, 102) = 4.35, p < .05,
g2 = 0.04. The percentage of children who experienced
failures by using the ineffective strategy was significantly
higher in the transfer (54%) than in the exploration phase
(14%), v2(2, N = 104) = 19.0, p < .001.

The increased use of the ineffective strategy in the trans-
fer phase (i.e., pushing for top opening, stabbing for side
openings) was not affected by the type of learning by which
the action had been acquired. An ANOVA on the relative
action times for the ineffective strategy with the between-
subject factors phase (exploration vs. transfer) and acquisi-
tion group (individual vs. observational learning) yielded
a significant main effect of phase, F(1, 100) = 17.6,
p < .001, g2 = 0.15, and of group, F(1, 100) = 6.44,
p < .02, g2 = 0.06, but a nonsignificant interaction,
F(1, 100) = 0.8, p = .40. In both phases, children who were
successful in the exploration phase used the ineffective strat-
egy less than children who learned the action by observa-
tion. Yet, post hoc t-tests showed that in both acquisition
groups, preschoolers spent more time with the ineffective
strategy in the transfer than in the exploration phase: individ-
ual learning (M = 28.4, SD = 38.2 vs. M = 5.9, SD = 11.3),
t(42) = 2.65, p < .02; observational learning (M = 51.4, SD =
40.3 vs. M = 17.2, SD = 34.9), t(58) = 3.51, p < .002.

Likewise, the preschoolers’ age did not affect the
increased use of the ineffective strategy. An ANOVA with
the between-subject factors phase (exploration vs. transfer)
and age [median split: � 42.5 months (M = 35.1, SD =
5.5) vs. > 42.5 months (M = 48.1, SD = 4.2)] yielded
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openings, for the whole sample (N = 52). Error bars
represent standard errors.
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a significant main effect of phase, F(1, 100) = 18.7, p <
.001, g2 = 0.16, the main effect of age approached signifi-
cance, F(1, 100) = 3.26, p = .07, g2 = 0.03, and the interac-
tion was not significant, F(1, 100) = 1.3, p = .25. Overall,
2- to 3.5-year-olds tended to use the ineffective strategy
more than 3.5- to 5-year-olds. However, both age groups
spent more time with the ineffective strategy in the transfer
than in the exploration phase: age� 42.5 months (M = 51.7,
SD = 41.8 vs. M = 14.7, SD = 34.0), t(50) = 3.50, p < .002;
age > 42.5 months (M = 31.7, SD = 37.7 vs. M = 10.3,
SD = 20.4), t(50) = 2.55, p < .02.

Discussion

The behavior of 2- to 4- year-old preschoolers differed sub-
stantially when they were confronted with a novel tool use
situation and when they had to use a tool with a recently
learned function for an alternative purpose. These situations
put different demands on young children’s capability to
solve tool use problems, and children’s prior experiences
probably affected the selection of a tool movement that
transforms a given environmental situation into a desired
end state.

When first exploring the novel tool, preschoolers spent
much of their action time with the effective strategy (i.e.,
stabbing in top-open, pushing in side-open), and they only
rarely used the ineffective strategy. Although the children
had never seen the rod and the other materials, they were
acquainted with tools like forks or spoons for retrieving tar-
get objects by stabbing or pushing. For infants, active tool
use experience supports the transfer of functional knowledge
to novel tools (Elsner & Pauen, 2007; Hayne et al., 2003;
Yang & Bushnell, 2010), and in the present study, the
2- to 4-year-olds probably applied their prior action knowl-
edge to tackle the inverse-planning problem of how to
achieve their action goal in the novel tool use situation
(Elsner, 2007; Wolpert & Flanagan, 2001). An alternative
explanation is that preschoolers learned tool use by trial
and error (Lockman, 2000). Although we cannot exclude
this possibility, the low action times for the ineffective strat-
egy in the exploration phase (see Figure 3) suggest that the
children did not gradually shape their behavior to the situa-
tional affordances, but that they rather selected a certain
strategy for the given opening.

For about 40% of the preschoolers, this problem-solving
approach resulted in successful retrieval of four chips in the
exploration phase. These children were about eight months
older than the unsuccessful children, and they thus not only
had a longer time of active tool use experience, but also pos-
sessed advanced abilities in problem solving (Keen, 2011).
The percentage of successful children did not differ between
the top-open and the side-open condition, indicating equal
difficulty of the tasks for older preschoolers. For the unsuc-
cessful children, the fact that the task was not completely
novel may have supported the quick observational learning
of the effective strategy after only one demonstration (Casler
& Keleman, 2005). This shows that the necessary move-
ments were well within the younger preschoolers’ motor

repertoire, and that children were able to reproduce the dem-
onstrated functional relations between the objects. Still, suc-
cessful imitation does not prove a causal understanding of
the tool’s efficacy (Want & Harris, 2001).

A closer look on the exploration phase can reveal which
aspects of the novel tool use situation were difficult for the
unsuccessful preschoolers. In the top-open condition, chil-
dren spent about the same time with stabbing and pushing,
suggesting that they failed to select the effective strategy. In
the side-open condition, children clearly preferred pushing,
a movement that is highly familiar in preschoolers’ tool
use (Smitsman & Cox, 2008; Want & Harris, 2001). The
older preschoolers (i.e., 3- to 4-year-olds) spent 86% of their
action time with pushing, but they nevertheless failed to
retrieve four chips in the exploration phase. Especially, chil-
dren did not discover that chips had to be pushed through
the back opening. Thus, from observing the demonstration
of the effective strategy, preschoolers in the top-open condi-
tion learned to select the effective tool movement, and the
older children in the side-open condition learned to adapt
the selected pushing movement to the task demands.

In the transfer phase, when the current opening(s) were
covered and the alternative opening(s) uncovered, pre-
schoolers had to adjust their use of the rod to the changed
situation and had to find an alternative strategy to achieve
their goal of retrieving chips. In line with previous evidence,
the 2- to 4-year-olds were not fully able to do this (Barrett
et al., 2007; Casler & Keleman, 2005). Preschoolers noticed
the changed affordances in both opening conditions, and
they partly switched from stabbing to pushing or vice versa.
However, when the preschoolers explored the rod and a cer-
tain opening for the first time, they tended to use the effec-
tive strategy more than when they experienced the same tool
use situation after having learned a specific strategy with the
rod. In contrast, the action time for the recently learned, but
now ineffective, tool use strategy was substantially higher in
the transfer phase than in the exploration phase. Thus, pre-
schoolers’ selection of a tool use strategy in the transfer
phase was affected by the current affordances and by prior
experiences with the objects (Smitsman & Cox, 2008).

The occurrence of perseverations with the ineffective
strategy was independent of whether preschoolers had
acquired this strategy by individual or by observational
learning. This innovative finding shows first, that both types
of learning result in comparably stable cognitive representa-
tions of the acquired tool use strategy. Second, even pre-
schoolers who successfully applied their prior experiences
to select an effective tool use strategy when first seeing
the task perseverated with the ineffective strategy in the
transfer phase. Likewise, perseverations occurred for youn-
ger and older preschoolers, although the latter should have
advanced tool use experience and problem-solving abilities.

According to Lockman (2000), active exploration
enhances children’s ability to perceive functional relation-
ships between objects, which would lead to the use of the
effective strategy. However, the occurrence of perseverations
is hard to explain with the perception-action approach,
because the functional relations of the objects are completely
different before and after the change, which should lead to
different behaviors. Another explanation for the occurrence
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of perseverations is that preschoolers adopted the design
stance and represented the rod as being ‘‘for’’ the firstly
learned purpose, so it was difficult for them to use the same
tool for an alternative purpose (Bloom, 1996; Casler &
Keleman, 2005). If so, perseverations should decrease when
preschoolers received a novel tool in the transfer phase.
Moreover, the fact that the final action goal and the target
objects stayed the same may have promoted perseverations
because it may have been obvious for the children to apply
the recently learned strategy (Elsner, 2007; Smitsman &
Cox, 2008).

We conclude that prior tool use experiences have differ-
ential effects on the selection of tool movements for an
intended purpose, depending on the task demands: They
are beneficial when a known function can be transferred
to a novel tool (Elsner & Pauen, 2007; Hayne et al.,
2003; Yang & Bushnell, 2010), but they are disadvanta-
geous when a tool with a familiar function has to be used
for another purpose (Barrett et al., 2007; Casler & Keleman,
2005; Smitsman & Cox, 2008). Because many tools of the
human culture have specific purposes, selecting a familiar
tool movement is very useful in most everyday situations.
Thus, prior experience seems to be critical for subsequent
tool use, and children’s capability to apply this knowledge
is important for the development of flexible tool use.
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