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Object use is a ubiquitous characteristic of the human species, and learning how

objects function is a fundamental part of human development. This research examines the
role that intentionality plays in children’s understanding of causal relationships during
imitation learning of object use. In Studies 1, 2, and 3, 2- to 5-year-olds observed
demonstrations in which causally irrelevant and causally relevant actions were performed
to achieve a desired goal of retrieving toys from within containers. Irrelevant actions
were performed either intentionally (“There!”) or accidentally (“Whoops! I didn’t mean
to do that!”). Study 1 found that 3-, 4-, and 5-year-olds, but not 2-year-olds, were less
likely to imitate causally irrelevant actions performed accidentally than those performed
intentionally. This suggests that older children used intentionality to guide causal
inference, perceiving intentional actions as causally effective and accidental actions as
causally ineffective. Study 2 found that the intentionality of the demonstrator’s actions
had an enduring effect – after watching a single demonstration, children persisted in
iii

performing intentional irrelevant actions and continued to ignore accidental irrelevant
actions when given three successive opportunities to complete the task. Study 3 examined
how lack of knowledge about the task goal prior to the demonstrations affected imitation
and found that children without explicit verbal instruction of the toy-retrieval goal
imitated irrelevant actions to a greater degree than children from Study 1, who were
informed of the goal throughout the experiment. Study 4 progressed beyond irrelevant
actions to investigate the effect of intentionality on 3- to 5-year-olds’ imitation of
relevant actions. Inconsistency was created between the intentionality with which
relevant actions were demonstrated and the causal necessity of these actions for the
child’s turn. Relevancy emerged as the paramount factor in Study 4 – regardless of the
intentionality with which relevant actions were demonstrated, children imitated these
actions if they remained relevant and largely ignored them if they were rendered
irrelevant. Findings are placed within a pedagogical framework and discussed from an
evolutionary perspective in relation to the cultural transmission of tool-use knowledge.
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INTRODUCTION
Learning from others is a fundamental part of being human and acquiring the
knowledge and skills of a surrounding culture. Research on social learning has shown
that children are exceptionally adept at garnering information from other people but has
also revealed behavior that is at first glance rather peculiar. Particularly, studies on
observational learning of object use have revealed a phenomenon that is ripe for
explanatory investigation: After watching a model perform a sequence of actions to
achieve a goal (for example, retrieving a toy from a container), preschool children imitate
all observed actions, even those that are not causally necessary to produce the desired
outcome (e.g., Horner & Whiten, 2005; Lyons, Young & Keil, 2007; McGuigan, Whiten,
Flynn, & Horner, 2007).
This behavior has proven to be robust, replicable under a wide variety of
circumstances and across cultures. For instance, Horner and Whiten (2005) found that
children copied irrelevant actions even when causal relationships were readily observable
through clear plastic materials. Likewise, children imitated irrelevant actions after being
trained to recognize them as causally unnecessary, when under pressure to complete a
task quickly, and even when directly instructed to copy only relevant actions (Lyons,
Young, & Keil, 2007). This very precise, indiscriminate imitation, in which children
replicate actions without regard for causal relevance, has been studied primarily in
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Western cultures but has also been documented in African Kalahari children from
traditional Bushman communities (Nielsen & Tomaselli, 2010).
Under particular conditions, indiscriminate imitation can be reduced. For instance,
imitation of irrelevant actions significantly decreased when children competed against a
puppet to retrieve a toy, although it remained higher than baseline levels (Lyons,
Damrosch, Lin, Macris, & Keil, in press). Additionally, children did not imitate irrelevant
actions when they were performed on an object that was not physically connected to the
object upon which relevant actions were performed (Lyons et al., 2007).
Development of Imitation
Intriguingly, research indicates that the precision of imitation of object use
increases with age, suggesting that highly precise, indiscriminate imitation can be
considered a sign of cognitive maturity. For instance, infants as young as 12 months are
selective in their imitation, choosing actions to copy based on judgments of which are
rational, given the physical constraints of a task (Gergely, Bekkering & Kiraly, 2002;
Kiraly, 2009; Nielsen, 2006; Schwier, van Maanen, Carpenter, & Tomasello, 2006).
Older infants sometimes imitate selectively and appear to integrate an understanding of
causal relationships with social cues to guide their imitative decisions. For example, 14month-olds show precise levels of imitation when an experimenter directs their attention
to a task through verbal cues, but imitate fewer actions when the experimenter’s
comments are neither task-related nor directed toward the infants (Brugger, Lariviere,
Mumme, & Bushnell, 2007). Similarly, Nielsen (2006) found that 18-month-olds
attempted a tool-use method of opening a box when the experimenter was socially
engaged through smiling and eye contact during the demonstration, but chose the
2

arguably more efficient method of using their hands when the experimenter was aloof.
Children in these two studies may have been imitating precisely in response to ostensive
communicative cues provided by the socially engaged experimenter, whose cues
indicated an instance of pedagogy in which she was about to demonstrate new
information for children to learn (Csibra & Gergely, 2006; Gergely & Csibra, 2005).
Two-year-olds may not need such prompts for indiscriminate imitation to be
induced, but inconsistent findings across studies suggest that they may be in a transition
period in which selective imitation is chosen for some tasks and indiscriminate imitation
for others. For instance, whereas 2-year-olds in the Nielsen (2006) study imitated the
inefficient tool-use method regardless of the level of social engagement, in another study
that required the use of a tool to complete a task, 2-year-olds ignored causally
unnecessary tool actions and only imitated necessary tool actions (McGuigan & Whiten,
2009). By age 3, children consistently imitate all actions regardless of causal relevance
(e.g., Horner & Whiten, 2005; Lyons, Young & Keil, 2007; McGuigan, Whiten, Flynn, &
Horner, 2007). Indiscriminate imitation appears to persist into adulthood – McGuigan,
Makinson, and Whiten (2010) found that adults imitated causally irrelevant actions at
even higher rates than preschool children.
Children’s Understanding of Causation
Overall, the development of increasingly indiscriminate imitation seems
perplexing because, superficially, it appears that preschool children regress in their
understanding of simple causal relationships. However, work on causal reasoning
suggests that this is not likely the case (Buchsbaum, Gopnik, Griffiths, & Shafto, in press;
Gopnik, Sobel, Schulz, & Glymour, 2001; Schulz, Gopnik, & Glymour, 2007; Sobel,
3

Tenenbaum, & Gopnik, 2004). For example, Schulz, Hooppell, and Jenkins (2008) found
that 4- and 5-year-olds imitated a model less precisely after a series of causally
probabilistic demonstrations, in which a physical effect was associated with an action
only half of the time, than when the effect was always associated in a series of causally
deterministic demonstrations. Similarly, Buchsbaum and colleagues (in press) found that
children’s imitation varied with the degree to which three observed actions were
associated with an effect across a series of demonstrations – when all three actions were
consistently associated, children imitated all of them, but when only two actions or a
single action were consistently associated, they imitated only the associated actions.
These studies suggest that preschoolers infer causality accurately when a reliable causeand-effect relationship can be derived from a causally probabilistic series of
demonstrations.
Thus, preschoolers’ apparent ignorance of causal relationships in most imitation
tasks seems not to be a result of their inability to recognize the physical parameters of
object function. However, when only one demonstration or a series of causally
deterministic demonstrations is provided, as in most imitation studies (e.g., Horner &
Whiten, 2005; Lyons et al., 2007), children appear to assume that all observed actions are
necessary, regardless of their causal relevance. What might be driving this assumption?
Theories on Indiscriminate Imitation
Undoubtedly due to its perplexity, indiscriminate imitation has piqued the interest
of developmentalists around the world, and a range of theories to explain this curious
behavior have been put forward.
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Whiten and colleagues (2005, 2009) propose the Copy-All/Correct-Later
Hypothesis, which suggests that children are immersed in a cultural milieu of such
magnitude that indiscriminate imitation may serve as an adaptive default strategy in
which children initially copy everything they observe but take advantage of the extended
period of childhood to refine these behaviors through play and exploration. This
perspective is premised on the ideas that children are relatively unknowledgeable about
the cultural practices around them, and that imitating indiscriminately should only
occasionally lead them to assimilate unnecessary actions into their behavioral repertoires
(i.e., observations of irrelevant actions are rare). In their own interactions with cultural
artifacts, children can easily correct acquired but unnecessary behaviors.
Lyons and colleagues (2011) interpret the Copy-All/Correct-Later Hypothesis to
mean that children make explicit conscious choices to imitate indiscriminately (Whiten
and colleagues do not appear to suggest this), and propose the Automatic Causal
Encoding Hypothesis (Lyons et al., 2007, 2011). This perspective asserts that
indiscriminate imitation is not a deliberate process, but a completely automatic response
to the highly specific domain of intentional actions performed on novel objects. While
viewing a demonstration, children automatically encode all observed actions performed
intentionally as causally necessary, which may result in a rapid revision of an initial
causal understanding of the object. Given that the causal structure of objects is complex
and often unobservable (i.e., causally opaque), this response would usually lead to
accurate causal understanding, but when irrelevant actions are inserted into a
demonstration, this distorts children’s perception of an object’s causal structure. Another
component of this hypothesis is the existence of “boundary conditions” that “block”
5

children from imitating irrelevant actions, such as when the irrelevant actions are
performed on an object that is not connected to the object upon which relevant actions are
performed (Lyons et al, 2007).
Goodman, Baker, and Tenenbaum (2009) derive an explanation of indiscriminate
imitation from research on adults’ causal learning and argue against the Automatic
Causal Encoding Hypothesis (Lyons et al., 2007, 2011). Their work shows that when
presented with written scenarios in which causal evidence is confounded (i.e., two actions
that precede an effect are performed simultaneously), adults are more likely to infer that
both actions together cause the effect when they are described as performed by someone
else rather than by the self, or when one of the actions performed by someone else
represents an implausible cause of the effect. The authors use formal Bayesian modeling
to show that adults reached causal conclusions by integrating their prior causal
knowledge with the social context provided in the scenarios. This “social context” is
described as the knowledgeable agent assumption, that when faced with a novel causal
situation, an observer assumes that a demonstrator has a true understanding of causality,
which leads to the inference that all observed actions are necessary. Goodman and
colleagues (2009) suggest that this general inference ability, combined with an
individual’s own understanding of causality, results in rapid causal learning when
presented with novel scenarios. Given that children may have relatively little causal
knowledge to integrate with their observations, the knowledgeable agent assumption
plays a particularly strong role in their observational learning. This explains, without
invoking a concept of “boundary conditions” (Lyons et al., 2007), why children did not
imitate an irrelevant action performed on an object that was not physically connected to
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the object upon which a relevant action was performed – this scenario violated the core
knowledge principle of contact, a foundational component of our understanding of the
physical world that emerges in early infancy (Spelke, Breinlinger, Macomber, &
Jacobson, 1992). This fundamental principle represents an exceptionally strong piece of
prior causal knowledge that is integrated preeminently into causal perception during
observational learning (Goodman et al., 2009).
The knowledgeable agent assumption is a concept analogous to the assumption of
relevance, a component of the pedagogical framework proposed by Gergely, Csibra, and
colleagues (e.g., Csibra & Gergely, 1998, 2006). According to this idea, children assume
that mature individuals have tested the physical rationality of their actions, and instances
of pedagogy provided by these individuals thus contain valuable information that is
relevant to achieving the goal of the demonstration. Parallel to the ideas of Goodman
(2009), causal perception is constrained by children’s pre-existing knowledge. Therefore,
children differentiate between novel and familiar components of a demonstration,
expecting all novel actions to be relevant to the goal at hand, and integrate this new
information to enrich their prior causal understanding (Csibra & Gergely, 1998, 2006;
Gergely, 2003; Southgate, Chevallier, & Csibra, 2009).
The theories of Gergely, Csibra, and colleagues and Goodman and colleagues
represent the most comprehensive and convincing explanations of indiscriminate
imitation. The Copy-All/Correct-Later Hypothesis (Whiten et al., 2005; 2009) does not
offer a functionally satisfying explanation or attempt to explain the cognition underlying
indiscriminate imitation. With the exception of the idea that intentionality may play a role
in children’s causal perception, The Automatic Causal Encoding Hypothesis (Lyons et
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al., 2007, 2011) is also unconvincing because it is largely restrictive and unrealistically
characterizes children as highly inflexible learners, without provisions for how prior
knowledge may be integrated during observational learning. The current research
examines how the intentionality component of the Automatic Causal Encoding
Hypothesis offers a plausible qualification to the knowledgeable agent assumption
(Goodman et al., 2009) and the assumption of relevance (Csibra & Gergely, 2006).
Current Research
Given that imitation of object use becomes more precise with age, the emergence
of indiscriminate imitation may be the behavioral manifestation of a learning mechanism
that helps guide children’s causal inferences by relying on observed actions. The proposal
that children imitate indiscriminately because they encode all intentional actions as
causally meaningful (Lyons et al., 2007) suggests that the cognitive underpinnings of
indiscriminate imitation may lie in children’s understanding of intentions. While children
may apply an assumption of relevance during observational learning, it may be limited to
intentional actions, as actions performed unintentionally represent mistakes by a
demonstrator and are therefore very unlikely to be causally relevant.
A number of studies support the suggestion that intentions and goals are readily,
perhaps automatically, detected during observation by even very young children who can
use this knowledge to guide imitative behavior. For instance, 14-month-olds imitate
actions on objects demonstrated intentionally more often than actions demonstrated
accidentally (Carpenter, Akhtar, & Tomasello, 1998). Additionally, after observing adults
fail to complete actions on relatively complex objects, infants perform these actions
completely and successfully as early as 15 months (Bellagamba & Tomasello, 1999;
8

Meltzoff, 1995; Sanefuji, Hashiya, Itakura, & Ohgami, 2004). Even 12-month-olds
produce complete actions after watching failed attempts demonstrated on less complex,
more familiar objects (Nielsen, 2009).
The current work investigates the idea that the tendency of preschool children to
imitate indiscriminately reflects the role that intentional understanding plays as a guide in
learning about object function through observation.
Study 1 tested the hypothesis that intentionality is a more salient factor than
structural causal relationships during observational learning of object use. To investigate
this, we manipulated the intentionality of actions that were causally unnecessary
(irrelevant) for success in completing a series of toy-retrieval tasks. Verbal markers were
used to indicate intention (“There!”) or accident (“Whoops! I didn’t mean to do that!”). If
preschoolers imitate irrelevant actions performed intentionally but ignore irrelevant
actions performed accidentally, this would suggest that preschoolers infer the causal
efficacy of actions by relying on the intentions of others rather than physical causal
structure.
Study 2 examines how the effect of intentionality fares across children’s repeated
interactions with objects, and Study 3 investigates how knowledge of the task goal
interacts with intentionality in children’s imitation of irrelevant actions. Finally, Study 4
looks at the role intentionality plays in imitation learning of relevant actions.
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STUDY 1
Guided by Intention: Children’s
Imitation Reflects Inferences of Causation
Method
Participants
Ninety-eight children (50 girls; 48 boys; range = 24 – 70 months) participated:
twenty-four 2-year-olds (M = 30.87 months; SD = 3.71), 25 3-year-olds (M = 42.40
months; SD = 3.35), 25 4-year-olds (M = 53.68 months; SD = 3.65), and 24 5-year-olds
(M = 65.04 months; SD = 2.39). Seventy-seven percent of the sample was White, 9%
Hispanic, 7% Black, 4% Asian, and 2% Other, and a wide range of socioeconomic status
was represented.
Materials
Four apparatuses were used, each containing a unique, clear plastic enclosure
(e.g., Tube, Box, Sphere, Dome) in which a small stuffed animal was placed. Each
apparatus had two moving parts. One of the parts was causally unnecessary for retrieving
the toy, and each manipulation was considered an Irrelevant Action. The other part was
causally necessary for retrieving the toy, and each manipulation was considered a
Relevant Action. Apparatuses are shown in Appendix I.
Procedure
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All children participated in three demonstration conditions and one control
condition. In the demonstration conditions, the experimenter first placed an apparatus in
front of herself and said, “Look at this. See the animal? I’m going to get the animal out.”
She then performed the Irrelevant Action on the causally unnecessary part, followed by
the Relevant Action on the causally necessary part, and then retrieved the toy. After the
demonstration, the apparatus was reset out of sight, and then placed in front of the child,
who was encouraged to retrieve the toy (“Now it’s your turn. Can you get the animal
out?”).
The intentionality of the actions was manipulated using verbal markers. While
Relevant Actions were always marked as intentional, Irrelevant Actions were
differentially marked as intentional or accidental. In the Intentional Condition, the
experimenter marked both the Irrelevant Action and the Relevant Action as intentional by
saying the word “There!” when she performed each action. In the Accidental Condition,
the experimenter marked the Irrelevant Action as accidental by saying the phrase
“Whoops! I didn’t mean to do that!”, and marked the Relevant Action as intentional by
saying “There!”. In the Silent Demonstration Condition, the Actions were performed
without verbal markers. In the Control Condition, children were presented with an
apparatus and encouraged to retrieve the toy on their own without any prior
demonstration (“Look at this. See the animal? Can you get the animal out?”).
Each condition occurred with each apparatus equally often, and the order of
conditions was counterbalanced so that each condition followed and preceded every other
approximately equally often across participants. All sessions were videotaped.
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Results
Scoring and Analysis of Irrelevant and Relevant Actions
Children received both an Irrelevant Score and a Relevant Score for each of the
four conditions. These scores varied between 0 and 4 and reflected the degree to which
children manipulated each of the causally irrelevant and relevant parts of the apparatuses,
respectively. Higher scores reflected more manipulation. To account for manipulation in
excess of the observed demonstrations (or just excessive manipulation in the Control
Condition), a score of 4 represented “over-moving” a part (e.g., turning the crank on the
Sphere Apparatus more times than the experimenter). Scoring criteria are described in
Table 1. Scores were assessed during the procedure by independent coders. Data
collected from 25% of the participants was coded from videotape to assess interrater
reliability. The intraclass correlation coefficient was .93.
Irrelevant and Relevant Scores were assessed in a mixed analysis of variance with
Age and Gender as between-subjects factors, and Condition and Relevancy of Action as
within-subjects factors. Bonferroni tests were used for all post-hoc comparisons unless
otherwise noted.
Table 2 shows means and standard deviations for the Irrelevant and Relevant
Scores broken down by Age and Condition. The analysis produced significant main
effects of Condition, F(3, 270) = 19.66, p < .001, η2 = .18, and Relevancy of Action, F(1,
90) = 135.03, p < .001, η2 = .60. Overall, children had significantly lower scores in the
Accidental Condition (M = 1.96; SD = .74) than in the Control (M = 2.50; SD = .92),
Silent Demonstration (M = 2.72; SD = .75), and Intentional (M = 2.70; SD = .76)
Conditions (all ps < .001), though the latter three conditions did not differ from one
12

another. Children also had significantly higher Relevant Scores (M = 2.94; SD = .29) than
Irrelevant Scores (M = 2.00; SD = .76).
Main effects were qualified by significant interactions between Condition and
Relevancy of Action, F(3, 270) = 18.63, p < .001, η2 = .17, and Condition, Relevancy of
Action, and Age, F(9, 270) = 2.12, p < .05, η2 = .07. Relevant Scores were lower in the
Control Condition than in the other three conditions [F(3, 291) = 3.47, p < .01, η2 = .04,
Least Significant Difference post-hoc tests (all ps ≤ .05)], and Irrelevant Scores were
lower in the Accidental Condition than in the other three conditions [F(3, 291) = 21.29, p
< .001, η2 = .18, Bonferroni post-hoc tests (all ps < .001)]. To further understand how
performance varied by age, the three-way interaction was examined with separate
Condition x Relevancy of Action analyses for each age group. Three-year-olds, F(3, 72)
= 7.49, p < .001, η2 = .24, 4-year-olds, F(3, 72) = 12.19, p < .001, η2 = .34, and 5-yearolds, F(3, 69) = 7.71, p < .001, η2 = .25, had significantly lower Irrelevant Scores in the
Accidental Condition than in the other three conditions, indicating that they performed
fewer Irrelevant Actions when the actions were demonstrated as accidental than when
they were demonstrated as intentional or silently, whereas 2-year-olds had approximately
equal Irrelevant Scores across conditions, F(3, 69) = .60, p = .62. For ease of visual
comparison, Figure 1 shows the Irrelevant Scores collapsed across the 3-, 4-, and 5-yearolds and contrasted with those of the 2-year-olds. Analysis of the Relevant Score
produced no significant differences for any of the age groups. This finding was expected
because the Relevant Action was performed intentionally in all conditions
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Categorization of Imitation
To further understand children’s performance in terms of how precise their
imitation of the experimenter was, our next set of analyses identified how closely
children’s actions replicated the demonstrations. For each condition, the Irrelevant and
Relevant Scores were summed to produce a Total Score, which reflected how closely
children’s actions matched those of the experimenter. In the Control Condition, this score
represented the degree to which children manipulated the moving parts of each apparatus.
According to criteria outlined in Table 3, each child’s imitation or manipulation score
was then categorized as Poor, Precise, or Perseverative. Poor Imitation indicates
replicating fewer actions than observed, Precise Imitation indicates replicating exactly
what was observed, and Perseverative Imitation indicates performing actions in excess of
what was observed.
In the three demonstration conditions, children who performed both the Irrelevant
and Relevant Actions overwhelmingly performed them in same order as the experimenter
[Intentional (84.9%), Accidental (75.0%), and Silent Demonstration (84.9%)].
Friedman tests performed on the Total Score at each age revealed differences in
the occurrence of the three categories of imitation (Poor, Precise, Perseverative) across
the four conditions for 3-year-olds, x2(3) = 13.80, p < .01, 4-year-olds, x2(3) = 20.14, p <
.001, and 5-year-olds, x2(3) = 18.93, p < .001, but not for 2 year olds, x2(3) = 3.97, p =
.27. Because of the lack of significance for 2-year-olds in this primary analysis, only 3-,
4- and 5-year-olds were included in follow-up analyses. Figure 2 presents the percentage
of children classified as Poor, Precise, and Perseverative Imitators, collapsed across ages
3, 4, and 5. In each of these three age groups, the rates of Poor, Precise, and Perseverative
14

Imitation differed between the Accidental and the Silent Demonstration Conditions, and
between the Accidental and Intentional Conditions (Wilcoxon Signed Ranks tests; all ps
< .01; see Table 4). Specifically, Precise Imitation was used more often in the Silent
Demonstration and Intentional Conditions than in the Accidental Condition. In contrast,
Poor Imitation occurred more often in the Accidental Condition than in the Silent
Demonstration and Intentional Conditions (exact binomial tests; all ps ≤ .01; See Table
4). The 5-year-olds were also more likely to show Perseverative Manipulation in the
Control Condition (33.3%) than Perseverative Imitation in the Accidental Condition
(4.2%) (p < .05).
Discussion
Our results show that 3-, 4-, and 5-year-olds, but not 2-year-olds, were less likely
to replicate causally unnecessary actions when they were performed accidentally than
when they were performed intentionally. In terms of imitation, the older children were
more likely to show Poor Imitation of irrelevant actions performed accidentally, and
more likely to show Precise Imitation of irrelevant actions performed intentionally. These
comparisons reveal potential learning mechanisms underlying children’s indiscriminate
imitation. Specifically, older children used intentionality, rather than actual physical
causal relationships, to guide their decisions about which actions to imitate, with
intentional actions interpreted as causally necessary and accidental actions interpreted as
causally unnecessary.
The finding that 3-, 4-, and 5-year-olds’ behavior in the Silent Demonstration
Condition was virtually indistinguishable from the Intentional Condition suggests that
children inferred intentionality in the Silent Demonstration Condition from the physical
15

actions of the experimenter alone. That children imitated causally unnecessary actions
when the experimenter performed the actions silently is consistent with previous studies
(e.g., Horner & Whiten, 2005; Lyons et al., 2007). This indicates that preschoolers can
discern intention from the subtleties of nonverbal communication and use this
information to direct their interpretation of actions and subsequent imitation. Children’s
performance in the Intentional and Accidental Conditions reveals potential mechanisms
driving indiscriminate imitation, specifically that this behavior may reflect inferences of
causation guided by the intentionality of others’ actions. Our results provide support for
the suggestion that children assume all intentional actions are causally necessary (Lyons
et al., 2007). Findings are consistent with a study in which children imitated an irrelevant
action when the demonstrator performed it intentionally (but silently), but did not imitate
this action when it was performed intentionally but while the demonstrator was
distractedly talking on a cell phone, rendering his performance of the irrelevant action
incidental to his conversational gestures (Lyons et al., 2011). Our experimental
manipulation of intentionality cues shows directly that children’s decisions to imitate
causally unnecessary actions vary in relation to whether they are intentional or accidental.
The interpretation that children assume all intentional actions are causally relevant
dovetails with the pedagogical framework proposed by Gergely, Csibra, and colleagues
(e.g., Gergely & Csibra, 2005). Conceived from this perspective, observational learning
of object use is a communicative interaction in which model and observer play
complementary roles. Using ostensive communicative cues (e.g., eye contact, pointing,
verbal direction) that signal an instance of pedagogy, the model presents information that
the observer assumes to be new, relevant, and conventionally shared (Csibra & Gergely,
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2009, 2006). Earlier in development, a model’s actions are evaluated in terms of whether
they present a physically rational approach towards achieving a goal (Csibra, Biro, Koos,
& Gergely, 2003; Csibra, Gergely, Biro, Koos, & Brockbank, 1999; Gergely, Bekkering,
& Kiraly, 2002; Gergely & Csibra, 2003). By 18 months, however, children assume that
mature individuals have already tested the rationality of their actions, and can therefore
apply an assumption of relevance during communicative interactions, expecting any
novel actions presented by an adult to be relevant to the goal at hand (Csibra & Gergely,
1998, 2006; Gergely, 2003; Southgate, Chevallier, & Csibra, 2009). Our findings suggest
that by age 3 this assumption of relevance includes the qualification that only intentional
actions should be interpreted as relevant, whereas a corresponding assumption of
irrelevance is applied to accidental actions.
How do cues of intentionality create guidance for children’s understanding of
causal structure? Our findings suggest that a verbal marker of intention (“There”)
indicates that a model performed an action with a particular intent, and children appear to
assume that the model intends purposeful actions to contribute to reaching the goal.
Intentional actions are thus integrated into children’s understanding of causality. In
contrast, a verbal marker of accident (“Whoops! I didn’t mean to do that!) indicates that
the action was not performed with any particular intent, eliminating the possibility that
such actions are needed to reach the goal. Accidental actions therefore do not become
integrated into conceptions of causation. Even knowledgeable agents sometimes make
mistakes.
Based on our findings, we can describe a mechanism emerging at about age 3 that
allows children to infer the causal efficacy of actions on objects from a user’s
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intentionality. During observational learning of object use, children garner information
about the goal (intentions) of the user, the physical actions (means) performed by the
user, and the physical effect (end) of these actions (Call & Carpenter, 2002). Means can
be considered sub-goals that must be met to achieve an end, the ultimate result of an
action sequence, and usually the purpose for which an object was designed. There is
evidence that children as young as 12 months organize means as sub-goals to ends
(Bekkering, Wohlschalger, & Gattis, 2000; Carpenter, Call, & Tomasello, 2005;
Sommerville & Woodward, 2005). If an object user succeeds in fulfilling her intentions,
there will be significant overlap between her goal and the physical effect of her actions,
as well as between her intended means and the actions she actually performs. In reality,
this large degree of overlap usually exists because, in every day conventional use,
someone who knows how an object is intended to function will almost always use it for
this purpose and will employ the appropriate means (i.e., irrelevant actions are rare).
Given these assumptions, intentional actions can be “safely” interpreted as causally
efficacious, and accidental actions can be soundly dismissed as unnecessary. Using
intentionality to guide causal inference is thus a sensible approach for determining object
function through observational learning.
The framework we propose predicts that object learners will engage in true
imitation, a form of observational learning in which a learner assumes the intentions of a
model and reproduces her actions to achieve the same goal, to infer causation during
observation of novel object use when object function is unknown (Tomasello, Carpenter,
Call, Behne, & Moll, 2005; Tomasello, Kruger & Ratner, 1993). However, this
perspective may not be needed if objects are familiar and a learner has some
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understanding about function a priori, in which case the need to infer the effects of
another individual’s actions would not be as great. For familiar object use, individuals
may be more likely to engage in emulation, in which an observed effect may be achieved
using means other than those observed (Tomasello, 1998; Tomasello, Davis-Dasilva,
Camak, & Bard, 1987; Tomasello, Kruger & Ratner, 1993). This suggestion is consistent
with studies that find decreased levels of imitation when preschoolers are given
experience or knowledge about goals before watching a demonstration (Williamson &
Markman, 2006; Williamson, Meltzoff, & Markman, 2008) and disregard cues of
intentionality when tool functions are easily recognized (DiYanni & Kelemen, 2008).
Intriguingly, 2-year-old children appeared to ignore the experimenter’s
intentionality cues and reproduced causally irrelevant actions both when they were
performed intentionally and accidentally. This result adds to the discrepancies among a
variety of studies investigating 2-year-olds’ imitation. For instance, while DiYanni and
Kelemen (2008) found that 2-year-olds did not reliably follow intentionality cues when
making tool choices, Nielsen (2006) found that 2-year-olds attempted an inefficient tooluse method, demonstrated intentionally but silently. On the other hand, McGuigan and
Whiten (2009) reported that 2-year-olds did not imitate irrelevant actions, which were
also demonstrated intentionally but silently. Our results for the 2-year-olds were
especially surprising because they contrast with a well-known finding that 14- and 18month-old infants are more likely to imitate actions verbally marked as intentional than
those marked as accidental (Carpenter et al., 1998). While this diversity of findings seems
to paint a muddled picture, if certain methodological factors are taken into account, a
pattern emerges that may elucidate the scene for 2-year-olds. Specifically, the explicit
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communication of a model’s goal prior to the demonstration may affect how closely 2year-olds copy the model’s actions. The goal was not made explicit prior to the
demonstration in either Carpenter et al. (1998) (“Watch. I’m going to show you how this
works.”) or Nielsen (2006) (no words were spoken or a second experimenter drew
children’s attention to the model, “Look at that!”). In both of these studies, children
imitated in line with the model’s intentions. In contrast, children were made aware of the
goal before any actions were modeled, both in the current study (“Look at this. See the
animal? I’m going to get the animal out.”) and DiYanni and Kelemen (2008) (the model
asked whether the child would mind if she crushed a cookie). DiYanni and Kelemen also
provided a familiarization session designed to acquaint children with the tools used in the
demonstration. This additional knowledge about goals and tool properties may have
interfered with 2-year-olds’ processing of intentionality cues. In the current study, this
may have led to attending to the modeled actions but not the associated intentionality
cues, and in DiYanni and Kelemen, cues may not have been attended to because children
already had enough knowledge about the goal and tool properties to make their choices.
Results obtained by McGuigan and Whiten (2009) appear to break the pattern
because even without an explicit goal (“Watch what happens because I’m going to let
you have a go in a minute.”) 2-year-olds did not imitate all intentional actions. However,
this study differs from the others in the complexity of the demonstration. Whereas the
other studies demonstrated one- and two-action sequences, McGuigan and Whiten’s
demonstration included as many as ten actions. This lengthy sequence may have had too
many actions for 2-year-olds to encode, and they may have simply remembered the last
action in the sequence, the relevant action. These speculations present a host of empirical
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questions, and the discrepancies in findings regarding children 2 years of age and
younger are certain to be an important topic of future research.
In conclusion, the current study provides evidence that begins to explain the
seemingly peculiar behavior of indiscriminate imitation. Our findings indicate an earlyemerging mechanism of adaptive significance, with cognitive architecture that enables
children to infer causal structure of objects, guided by the intentions of others’ actions.
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STUDY 2
The Enduring Effect of Intentionality in
Children’s Understanding of Object Function
Once children have gained an understanding of how objects work through social
learning, they can apply their acquired skills to the everyday use of these objects.
Through this continued use, children gain a considerable amount of individual experience
with objects, during which they may discover, either purposefully or incidentally,
alternative ways (i.e., means) in which objects could be used to reach demonstrated
functions (i.e., goals), or even find entirely new object functions. If individual experience
leads to such discoveries, we might expect children to modify their use of objects over
time. In contrast, the impact of a social learning event may endure through further object
experience, resulting in sustainment of the observed object use. Study 2 investigated
whether the intentionality effect found in Study 1 endured across children’s repeated
interactions with objects, or if children gained an appreciation for the causal irrelevance
of unnecessary actions through their experience.
Several studies of irrelevant action imitation have given children multiple
attempts at performing a toy-retrieval task after watching the experimenter demonstrate
the task (McGuigan et al., 2007, 2010; Horner & Whiten, 2005). In these studies, children
viewed three demonstrations, followed by their first attempt, then a fourth demonstration
followed by their second attempt, and then a fifth and final demonstration followed by
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their third attempt (demo > demo > demo > first attempt > demo > second attempt >
demo > third attempt). Of these three studies, only McGuigan et al. (2010) reported
analysis of irrelevant action performance across trials. They found that irrelevant actions
were performed at the same rate across the three attempts. This suggests that children
were not gaining insight into the causal irrelevance of the unnecessary actions as their
experience with the apparatus increased. Rather, the demonstration remained the
paramount source of causal understanding.
Other studies that have given children multiple attempts to perform an observed
task have used a diffusion chain methodology, in which children serve as demonstrators
for each other, to examine if irrelevant actions (Flynn, 2008; McGuigan & Graham,
2009), or particular techniques for performing relevant actions (Flynn & Whiten, 2008;
Horner, Whiten, Flynn, & de Waal, 2006), remain consistent or decrease across chains of
five, six, or eight children. Using the same task as in the studies that gave children
multiple attempts but examined their individual imitation (McGuigan et al., 2007, 2010;
Horner & Whiten, 2005), the two diffusion-chain studies that looked specifically at
irrelevant actions had the first child in a chain watch an adult perform the task, and this
child was then trained to perform the task exactly as the adult. This child then served as
the demonstrator for the second child, who served as the demonstrator for the third child,
and so on through the chain. In both studies, children attempted the task multiple times.
Flynn (2008) allowed each child two attempts after watching the previous child and
before serving as demonstrator for the next child, for a total of three attempts, and
McGuigan and Graham (2009) allowed each child one attempt after viewing the
demonstration and before serving as a demonstrator, for a total of two attempts. Both of
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these studies found that performance of particular irrelevant actions (inserting a tool into
an irrelevant opening) declined precipitously in the diffusion chains, as children
positioned earlier in the chains failed to imitate these actions, and they were not
recovered by any subsequent child.
The decline in irrelevant action performance across children in the diffusion
chains contrasts with the consistency found within children’s individual performance
reported in McGuigan et al. (2010). It is thus unclear how children’s repeated experience
with the apparatus used in these studies affected their understanding of the causal
relevance of the unnecessary actions. In McGuigan et al. (2010) and similar studies
(McGuigan et al., 2007; Horner & Whiten, 2005), children’s attempts were interspersed
with demonstrations, which may have continually reinforced irrelevant action
performance by maintaining the salience of the demonstration. In the diffusion chain
studies children observed a single demonstration, and while each child’s first attempt,
immediately following this demonstration was coded for irrelevant action performance,
the subsequent child viewed the second or third attempt. It is thus possible that
performance of irrelevant actions declined across the multiple attempts of individual
children as they inferred through their own experience that the irrelevant actions were
unnecessary. These actions could have been omitted from their performance by the time
they served as demonstrator for the next child. Another possibility is that children place a
greater amount of trust in adult demonstrators than in child demonstrators. Adults may be
perceived as experienced and knowledgeable, and their demonstrations therefore worthy
of careful imitation. In contrast, children may be perceived as inexperienced with limited
knowledge, and their demonstrations may consequently be viewed as less informative
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than those of adults. Indeed, McGuigan et al. (2010) found that both children and adults
imitated irrelevant actions with higher fidelity when demonstrators were adults than when
they were children.
Study 2 investigates children’s performance of irrelevant actions across multiple
instances of object use after viewing a single demonstration provided by an adult
experimenter. After observing demonstrations identical to those from Study 1, children
were given three attempts at toy retrieval. For half of children, these attempts occurred in
immediate succession, and for the other half, attempts were deferred across the
procedure. The immediate order is similar to previous studies of irrelevant action
imitation that involve multiple trials across diffusion chains, while the deferred order
provides a more stringent test of children’s encoding of causal understanding of the
apparatuses. Of primary interest was whether the intentionality cues provided in the
demonstration would have a lasting effect on children’s understanding of object function,
measured by the degree of consistency with which children performed irrelevant actions
across trials. If the intentionality of the demonstrator’s actions has an enduring effect,
performance of irrelevant actions should remain consistently high in the Intentional and
Silent Demonstration Conditions, and consistently low in the Accidental Condition. If
through their experience children gain an appreciation for the causal irrelevance of these
actions, performance should decrease across trials in the Intentional and Silent
Demonstration Conditions.
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Method
Participants
Sixty-four children (32 girls; 32 boys; range = 24 – 70 months) participated:
sixteen two-year-olds (M = 3.94 months, SD = 4.12 months), 16 3-year-olds (M = 42.56
months, SD = 3.65 months), 16 4-year-olds (M = 54.5 months, SD = 6.63 months) and 16
5-year-olds (M = 66.00 months, SD = 3.69 months). Eighty-one percent of the sample
was White, 11% Black, 6% Hispanic, and 2% Asian, and a wide range of socioeconomic
backgrounds was represented.
Materials
The four apparatuses from Study 1 were used (see Appendix I).
Procedure
The procedure for the demonstrations was the same as in Study 1 (Silent,
Intentional, and Accidental). After each demonstration, children were given three
successive attempts retrieve the toy on the apparatus paired with the respective condition.
The instructions for the first trial in the demonstration conditions were the same as in
Study 1. The experimenter said, “Now it’s your turn. Can you get the animal out?”. For
the first trial in the Control Condition, the experimenter placed the apparatus in front of
the child and said, “Look at this. See the animal? Can you get the animal out?”. For the
second and third trials in all four conditions, the experimenter placed the apparatus in
front of the child and said, “Remember the animal? Can you get the animal out again?”.
There were two orders in which the trials were presented, one in which the trials
for each apparatus occurred in immediate succession, and one in which trials were
deferred across the procedure. Half of the children participated in the Immediate
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Sequence, in which Trials 2 and 3 followed immediately after Trial 1 (e.g. demonstration
then first attempt by child (Trial 1), followed by second attempt with apparatus (Trial 2),
followed by third attempt with apparatus (Trial 3)). The other half of the children
participated in the Deferred Sequence, in which there was a delay between the trials for
each condition. In this sequence, the first trial for the four conditions replicated the
procedure in Study 1 – after watching each demonstration, children attempted the task
themselves (or attempted the task without a demonstration in the Control Condition).
This was followed by the second attempt with each apparatus (Trial 2), followed by the
third attempt with each apparatus (Trial 3). Apparatuses were presented in the same order
for each set of trials.
Each condition occurred with each apparatus equally often, and the order of
conditions was counterbalanced so that each condition followed and preceded every other
approximately equally often across participants. All sessions were videotaped.
Results
Children received both an Irrelevant Score and a Relevant Score for each Trial,
resulting in 12 Irrelevant and 12 Relevant Scores per child. The 0-4 scale from Study 1
was used, reflecting the degree to which children manipulated each of the moving parts
(See Table 1). Scores were assessed from videotape by independent coders. Data
collected from 25% of the participants was coded to assess interrater reliability. The
intraclass correlation coefficient was .93.
Irrelevant and Relevant Scores were assessed in a mixed analysis of variance with
Age, Gender, and Sequence (Immediate, Deferred) as between-subjects factors, and
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Condition and Relevancy of Action as within-subjects factors. Bonferroni tests were used
for all post-hoc comparisons.
The analysis produced significant main effects of Condition, F(3, 144) = 14.87, p
< .001, η2 = .24, Relevancy of Action, F(1, 48) = 135.02, p < .001, η2 = .74, and Trial,
F(2, 96) = 10.03, p < .001, η2 = .17. Table 5 shows means and standard deviations of
Irrelevant and Relevant scores for the three trials within each condition. Children had
significantly lower scores in the Control (M = 2.32; SD = .77) and Accidental (M = 2.21;
SD = .71) Conditions than in the Silent Demonstration (M = 2.76; SD = .71) and
Intentional (M = 2.86; SD = .62) Conditions (all ps < .01). Children also had significantly
higher Relevant Scores (M = 3.03; SD = .18) than Irrelevant Scores (M = 2.04; SD = .72),
and significantly higher scores in Trial 1 (M = 2.68; SD = .43) than in Trial 2 (M = 2.47,
SD = .46) and Trial 3 (M = 2.47, SD = .51) (all ps < .01).
The interaction between Condition and Relevancy of Action was significant.
Follow-up analyses showed that Irrelevant Scores were significantly lower in the
Accidental Condition (M = 1.37, SD = 1.50) than in the Intentional (M = 2.63, SD = 1.23)
and Silent Demonstration (M = 2.52, SD = 1.18) Conditions, replicating this finding from
Study 1, F(3, 189) = 15.54, p < .001, η2 = .20 (all ps < .001). Irrelevant Scores in the
Control Condition (M = 1.66, SD = 1.50) were also lower than in the Intentional and
Silent Demonstration Conditions (all ps < .01), but approximately equal to scores in the
Accidental Condition (p = 1.00). There were two additional significant two-way
interactions, between Trial and Condition and between Trial and Relevancy of Action.
The Trial x Condition interaction was analyzed using separate ANOVAs within each
Condition to compare children’s Mean Scores, produced by averaging each child’s
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Irrelevant and Relevant Scores for each condition, across the three Trials. There was a
significant effect of Trial in the Control Condition only, F(2, 126) = 10.80, p < .001, η2 =
.15, with significantly higher Mean Scores in Trial 1 (M = 2.65, SD = .99) than in Trial 2
(M = 2.14, SD = .97) and Trial 3 (M = 2.17, SD = .91) (all ps ≤ .001). Analysis of the
Trial x Relevancy of Action interaction showed significantly higher Irrelevant Scores in
Trial 1 (M = 2.33, SD = .81) than in Trial 2 (M = 1.93, SD = .85) and in Trial 3 (M = 1.88,
SD = .90), F(2, 126) = 13.15, p < .001, η2 = .17 (all ps < .001).
The two-way interactions were qualified by a significant three-way interaction
between Trial, Condition, and Relevancy of Action, F(6, 288) = 2.40, p < .05, η2 = .05.
To investigate the three-way interaction, ANOVAs were performed separately for
Irrelevant and Relevant Scores within each Condition, with Trial as a within-subjects
factor. Analysis of Irrelevant Scores produced a significant effect of Trial in the Control
Condition only, F(2, 126) = 10.80, p < .001, η2 = .15. Irrelevant Scores were significantly
higher in Trial 1 (M = 2.30, SD = 1.82) than in Trial 2 (M = 1.31, SD = 1.79) and in Trial
3 (M = 1.36; SD = 1.79) (all ps < .001), indicating that manipulation of the causally
unnecessary parts decreased in the Control Condition after the first trial. In contrast, this
effect was not found in the other three conditions, indicating that performance of
irrelevant actions remained consistent across the three trials when they were preceded by
a demonstration (see Figure 3).
The main analysis also produced a significant four-way interaction between
Condition, Relevancy of Action, Age, and Sequence (Immediate, Deferred), F(9, 144) =
2.09, p = .034, η2 = .21. To investigate this interaction, separate ANOVAs on Irrelevant
and Relevant Scores, collapsed across trials, were performed within each Condition, with
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Sequence and Age as between-subjects factors. Analysis of Irrelevant Scores produced a
significant Age x Sequence interaction in the Control Condition, F(3, 56) = 3.12, p =
.033, η2 = .14. Follow-up t-tests showed that 2-year-olds, t(14) = -2.23, p = .043, d =
1.11, and 3-year-olds, t(14) = -2.67, p = .018, d = 1.33, had higher Irrelevant Scores in
the Deferred Sequence (2-year-olds: M = 2.70; SD = 1.41; 3-year-olds: M = 2.58; SD =
1.44) than in the Immediate Sequence (2-year-olds: M = 1.08; SD = 1.51; 3-year-olds: M
= .75; SD = 1.30). Analysis of the Relevant Score produced no significant effects for any
of the interactions.
The main analysis also produced a significant two-way interaction between
Gender and Sequence, F(1, 48) = 4.67, p < .05, η2 = .09, which was qualified by a
significant three-way interaction between Gender, Sequence, and Age, F(3, 48) = 2.86, p
< .05, η2 = .15. To analyze the three-way interaction, separate ANOVAs were conducted
for each Age on a Mean Score, produced by averaging the Irrelevant and Relevant Scores
for each child within each Sequence. A significant Gender x Sequence interaction was
found for 3-year-olds, F(1, 12) = 16.08, p < .01, η2 = .57, and follow-up t-tests within
this age group showed significantly higher scores for girls (M = 2.81; SD = .25) than boys
(M = 2.27; SD = .42) in the Immediate Sequence, t(6) = 2.60, p < .05, d = 2.12 and
significantly higher scores for boys (M = 3.01; SD = .34) than girls (M = 2.32; SD = .17)
in the Deferred Sequence, t(6) = 3.06, p < .05, d = 2.50.
Discussion
The findings of Study 2 show that the effect of intentionality on children’s
understanding of causal structure endured through three successive attempts at each task.
Performance of irrelevant actions declined in the Control Condition only, while
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remaining consistently high in the Intentional and Silent Demonstration Conditions and
consistently low in the Accidental Condition. Children’s performance in the
demonstration conditions remained consistent whether their attempts with each apparatus
occurred in immediate succession, or were deferred across the procedure.
Consistent with results from Study 2, Butler and Markman (2010) found that cues
of intentionality provided during a demonstration affect children’s subsequent
interactions with objects. In this study, children were presented with a magnetic block
that was given the novel name “blicket” and shortly thereafter, when the experimenter
was cleaning things up, he demonstrated the magnetic property either intentionally,
saying “Look, watch this!”, or accidentally, saying “Oops!”. Children were then
presented with ten additional “blickets” that were ostensibly, but not actually, magnetic
and encouraged to play. In the intentional condition, children persisted in attempting to
elicit the magnetic property, but made significantly fewer elicitation attempts in the
accidental condition. This finding is similar to children’s behavior in the current study, in
which they persisted in performing the irrelevant action when it was demonstrated
intentionally, but consistently ignored the irrelevant part when it was manipulated
accidentally.
One component of our method that may be the key factor in explaining children’s
persistent performance of irrelevant actions is the pedagogical nature of the
demonstrations. Pedagogical demonstrations are those in which the demonstrator intends
to teach the observer, and makes this clear by preceding a demonstration with ostensive
communicative cues (e.g., “Watch this.”), which signal that teaching, directed
specifically at the observer, is about to occur (Csibra & Gergely, 2006, 2009; Gergely &
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Csibra, 2005). The demonstrations in the current study were clearly pedagogical, as the
experimenter preceded each by saying, “Look at this. See the animal? I’m going to get
the animal out.”
Studies that have directly compared pedagogical and non-pedagogical contexts
(Bonawitz, Shafto, Gweon, Goodman, Spelke, & Schulz, in press; Buchsbaum, Gopnik,
Griffiths, & Shafto, in press; Butler & Markman, 2010) find that imitation increases in
precision and exploration decreases after pedagogical relative to non-pedagogical
demonstrations. For instance, Buschbaum and colleagues (in press) found that when an
experimenter described herself as unknowledgeable about an object’s function, children
only imitated actions when they were consistently associated with an effect across a
series of demonstrations, but when the experimenter portrayed herself as knowledgeable
and established an instance of pedagogy, children became more likely to imitate actions
that were not associated with the effect. In examining the effect of pedagogy on
subsequent exploratory play, Bonawitz and colleagues (in press) found that when
children were shown demonstrations in which a multi-functional object was used for only
one particular function, and then encouraged children to play with the object, those who
had viewed a pedagogical demonstration exhibited less exploration and discovery of
alternate, non-demonstrated functions than children who viewed a non-pedagogical
demonstration. The authors suggest that during instances of pedagogy children assume
that a demonstrator presents all possible object functions or, “absence of evidence for
alternative functions provides strong evidence for their absence” (Bonawitz et al., in
press).
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Children’s behavior in Study 2 is consistent with the findings that pedagogical
contexts lead to increased imitation (Buchsbaum et al, in press) and decreased
exploration (Bonawitz et al., in press). It is probable that children in Study 2 were not
gaining insight into actual causal structure because the pedagogical nature of the
demonstrations constrained their subsequent interactions with the apparatuses. Children
likely assumed that the experimenter had provided an accurate demonstration of object
function and were therefore not compelled to engage in exploration of causal structure. In
contrast, in the Control Condition children were only asked to retrieve the toy, and they
appeared to take their first attempt as an opportunity to explore both the irrelevant and
relevant parts and learned from this interaction that manipulating the irrelevant parts was
unnecessary and could be omitted from future attempts.
Studies 1 and 2 show that when prompted with communicative cues signaling an
instance of pedagogy, children do not simply copy every action that a demonstrator
performs on an object – information about the intentionality of the demonstrator’s
behavior is attended to and used to interpret the necessity of her actions, which is
incorporated into an understanding of the object’s causal structure that persists across
subsequent object interactions. To fold this interpretation into the pedagogical
framework, indications of a demonstrator’s intentions can be considered communicative
cues that are embedded within the pedagogical demonstration itself. The functions and
evolution of pedagogy (e.g., Csibra & Gergely, in press), and how our findings can be
incorporated, will be further elaborated in the General Discussion.
Bonawitz and colleagues (in press) characterize pedagogy as a double-edged
sword, asserting that while it promotes efficient learning, pedagogy simultaneously
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imposes the cost of discouraging exploration and the discovery of novel functions. This
argument is consistent with the current body of findings on this topic, as well as the
evolutionary logic underlying the adaptive significance of transmitting knowledge of
object function with high fidelity across generations. However, one important limitation
of investigating the relationship between pedagogy and exploration in an experimental
context is that the length of time children can be given to interact with a demonstrated
object is a mere snapshot relative to the hundreds or even thousands of continuous
interactions they have with real-life objects.
That we have not been grinding through a perpetual stone age since early
hominins began to strike flakes and choppers from lava and quartz some 2 million years
ago, and that humans have created an exponentially enlarging explosion of technology in
only the last several thousand years (i.e., the “cultural ratchet” – Tomasello, 2000), are
testaments to our capacity for innovation. Insight into how tools can be used or modified
to fulfill purposes other than those that are socially learned requires further consideration
of object function after a pedagogical demonstration. At the same time, findings on
indiscriminate imitation and the influences of pedagogy provide compelling evidence for
the significance of transmitting tool-use knowledge with great accuracy from one
generation to the next. The existence of both of these abilities in modern humans shows
that they are not mutually exclusive – we have the propensity to imitate with high
precision, but also the behavioral flexibility to innovate.
The finding of Study 2 and others (Bonawitz et al., in press; Butler & Markman,
2010; Buschsbaum et al., in press) that children persist in using objects as they are
intentionally demonstrated is similar to the developmental phenomenon of functional
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fixedness, in which around age 6-7 it becomes difficult for children to recognize
unconventional functions for everyday objects (Defeyter & German, 2003; German &
Barrett, 2005; German & Defeyter, 2000). However, studies on functional fixedness
demonstrate a delay in using, not an inability to use, conventional objects for alternative
functions. Additionally, studies that have investigated pedagogy, imitation, and
exploration have been conducted with preschoolers, who exhibit a good degree of
functional fluency. Thus, if preschool children could be observed using objects over
stretches of time longer than allowed by an experimental setting, it is quite possible that
insightful, non-demonstrated object use would emerge. Likewise, if given a problemsolving task that requires an object to be used in a non-conventional way, such as those
used in studies on functional fixedness (e.g., Defeyter & German, 2003), this might
provide enough incentive for children to devise functions for objects that were not
socially learned. Children’s abilities in this respect are supported by related work on
causal understanding and exploration. When demonstrations of object use contain
confounded causal information, this motivates children to engage in exploratory play
(Gweon & Schulz, 2008; Schulz & Bonawitz, 2007), during which they are capable of
generating complete evidence that disambiguates a confounded causal structure (Schulz,
Gopnik, & Glymour, 2007).
The evolution of a balance between the abilities of imitation and insight is
expected given selection pressures provided by changing physical environments and that
tool manufacture follows the same core evolutionary logic as natural selection. Just as the
physical structure of organisms evolves in response to changes in environmental selection
pressures, humans must adapt their tools as the surrounding environment changes and
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confronts them with new survival problems to solve. While some essential tools within a
culture may be used unchanged for many generations, requiring high-fidelity cultural
transmission, if faced with a change in their environment, such as a new food source that
can be exploited or a new threat that must be defeated, individuals must modify existing
tools or invent new ones to overcome these adaptive problems, or face possibly dire
consequences. Consistent with this interpretation is the finding that, across primate
species, behavioral measures of tool use, social learning, and innovation all positively
correlate with each other, suggesting that this suite of capacities evolved together.
Furthermore, these abilities are all positively correlated with executive brain ratio
(neocortex and striatum volume over brainstem volume) and absolute executive brain
volume, which suggests that tool use, social learning, and innovation may have played a
role as selection pressures for an increase in brain regions that facilitate flexible and
adaptive behavioral strategies (Reader & Laland, 2002).
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STUDY 3
Without Prior Knowledge of the Task Goal,
Children Imitate Irrelevant Actions to a Greater Degree
In the first few years of life children become increasingly attuned to
communicative cues during observational learning, and their imitation of object use
becomes increasingly precise (e.g., Brugger et al., 2007; Nielsen, 2006). Studies 1 and 2
provide evidence for a relationship between intentional understanding and imitation of
object use by age 3. Another factor that may influence young children’s imitation is
knowledge of a demonstrator’s goal. Study 3 investigated how lack of knowledge of a
task goal prior to watching the task demonstrated affects the precision of preschoolers’
imitation.
Several studies provide evidence about the relationship between children’s goal
knowledge and the precision with which they imitate the particulars of how a
demonstrator executes actions on an object, the action style (Carpenter, Call, &
Tomasello, 2002, 2005; Williamson & Markman, 2006). These studies generally find an
inverse relationship between goal knowledge and imitation of action style – without
knowledge of a goal, or without the presence of a visible, meaningful goal within a
demonstration, children copy a demonstrator’s action style with increased precision. For
instance, before providing 2-year-olds with a toy-retrieval demonstration in which a pin
was removed to open the door of a wooden box, Carpenter et al. (2002) showed children
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various demonstrations that alluded to the experimenter’s toy-retrieval goal (e.g., a failed
attempt at opening the box, showing children the toy inside the open box, or retrieving
toys from within other types of containers). Of children who successfully removed the
pin from the box, those who did not witness a prior demonstration were more likely to
copy the particular action style with which the experimenter removed the pin (twistpulling versus straight-pulling).
Other studies have varied whether a visible goal is present within a demonstration
and found similar results. Williamson and Markman (2006) showed 3-year-olds
demonstrations in which objects were placed on a mat and rotated. Children were less
likely to imitate the rotation action when the objects were placed within a collage than
placed alone, and when the collage was a meaningful arrangement (e.g., a flower) than
when it was a meaningless, abstract arrangement. Similarly, Carpenter, Call, and
Tomasello (2005) showed 12- and 18-month-olds demonstrations in which an
experimenter made a toy mouse either hop or slide across a mat and placed it in a specific
location. Children were more likely to imitate the specific action style of moving the
mouse (hop versus slide) when no house was present in the final location than when a
house was present. This finding was replicated even when a house was present on the mat
during the demonstration in which the mouse was moved to the empty location, and
available to children during their turn at the task (Durham, Cannon, & Woodward, 2008).
In a variation of the mouse/house paradigm, Cannon, Schlebecker, and
Woodward (2009) found that 18-month-olds were equally likely to copy a demonstrator’s
action style when the object placed in the house or in the empty location was an
inanimate, non-toy object, and copied the action style less than 50% of the time. While it
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is unclear exactly what this finding means, one possibility is that imitation of action style
is related to how interesting a demonstration is to children, who may find the animation
of a toy mouse particularly engaging. This is consistent with the finding that children
copied the action style of placing an object within a collage that had a meaningful
arrangement, but not when the arrangement was meaningless and abstract (Williamson &
Markman, 2006).
Contrasting mouse/house results were also presented by Southgate, Chevalier, and
Csibra (2009), who used a method similar to Carpenter et al. (2005) but gave children a
demonstration of the goal (putting the mouse in the house) before a demonstration of the
entire sequence of hopping or sliding the mouse into the house. Whereas other studies
found that the presence of a meaningful visible goal (Carpenter et al., 2005; Williamson
& Markman, 2006) or a prior demonstration that alluded to the goal (Carpenter et al.,
2002) lead to decreased imitation of particular action styles, Southgate and colleagues
(2009) report the opposite – children were more likely to imitate the demonstrated action
style of moving the mouse when they had this prior demonstration of the goal than when
there was no prior demonstration. The authors explained their findings in terms of how
children interpret the communicative intent of a demonstrator. They asserted that in
pedagogical situations, when a demonstration contains both new and old (i.e., previously
demonstrated) information, children assume that the demonstrator intends for them to
learn the new information, which is in turn deemed most important to imitate. When the
goal was demonstrated first, this meant that putting the mouse in the house was old
information in the full demonstration, and children therefore interpreted that the
demonstrator intended for them to learn the new information, the action style.
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The pattern of findings from Carpenter et al. (2002, 2005) and Williamson and
Markman (2006), in which demonstrations were wholly new, can be interpreted in this
framework of communicative intent. When all demonstrated information is new, children
may attempt to infer from contextual cues what the demonstrator intends for them to
learn. When some cues are present (e.g., a prior demonstration alluding to the goal or a
meaningful goal visible within the demonstration), they may provide enough guidance so
that children attend less to the details of action style and selectively imitate at the
hierarchically highest level of the goal. When no cues are present, this complete lack of
guidance leads to precise imitation of action styles, perhaps because it is entirely unclear
to children what the demonstrator intends for them to learn (Williamson & Markman,
2006) and they have no prior knowledge to integrate with their observations.
Several studies that focus on preschoolers’ imitation of irrelevant actions have
also included action style as a component of demonstrations (Horner & Whiten, 2005;
McGuigan et al., 2010; McGuigan et al., 2007). These studies have all used the same set
of materials that consists of two puzzle boxes, one clear and one opaque, both with the
same irrelevant and relevant actions. The irrelevant actions include removing bolts to
uncover a hole on the top of the box, and then inserting a tool into this hole and hitting an
inner barrier. The relevant actions include opening a door on the front of the box, and
then inserting a tool down a chute to retrieve a reward. In all three of these studies,
children viewed one of two action style combinations: push bolts/lift door or drag
bolts/slide door. Although no communicative cue was described in Horner and Whiten
(2005), the cue provided in McGuigan et al. (2010, 2007) to draw children’s attention to
the demonstration was non-specific to the goal: “Watch what happens [on the computer]
40

because I’m going to let you have a go in a minute.” (All of the demonstrations in
McGuigan et al. (2010) were presented through video on a computer, as were some of the
demonstrations in McGuigan et al. (2007)). Consistent with other research (Carpenter et
al., 2002, 2005; Williamson & Markman, 2006), children in these studies, who were not
provided with knowledge of the task goal prior to the demonstration, imitated the action
style observed in the demonstration. However, although informative, these studies were
not designed to investigate this relationship between goal knowledge and imitative
precision, so it cannot be concluded from their findings that lack of prior goal knowledge
affects how closely children imitate irrelevant actions.
Study 3 investigated how lack of explicit verbal communication of a goal prior to
a demonstration affects the precision with which children imitate irrelevant actions and if
this interacts with the intentionality of the demonstrator’s actions. In Studies 1 and 3 the
goal of the tasks (retrieving the toy) was mentioned throughout the procedure – prior to
each demonstration (“Look at this. See the animal? I’m going to get the animal out.”),
before the child’s turn (“Now it’s your turn. Can you get the animal out?”), and after
children succeeded in reaching the goal (“You did it! You got the animal out!”). Study 3
used the demonstrations from Study 1, but the verbal instructions and statements
provided by the experimenter did not include specific information about the toy-retrieval
goal. Children in Study 3 were then compared to children from Study 1. Looking at
overall imitation, the majority of 3, 4, and 5-year-olds in Study 1 imitated precisely when
actions were demonstrated intentionally and poorly when the irrelevant action was
demonstrated accidentally. However, means for Relevant Scores were almost exactly 3
(fully moving a part, or as demonstrated), with little variation, while there was greater
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variation in the degree to which children manipulated the irrelevant parts. Thus, the
differences in Poor, Precise, and Perseverative Imitation for older children in Study 1
may have been due primarily to the variation in performance of Irrelevant Actions.
Therefore, in categorizing children’s imitation, Study 3 looks specifically at the precision
with which children imitated irrelevant actions.
It was predicted that without explicit knowledge of the goal, children would have
higher Irrelevant Scores and significantly more children would exhibit Precise Imitation
of Irrelevant Actions, relative to children in Study 1, who were given explicit goal
knowledge prior to the demonstration and throughout the procedure.
Method
Participants
Forty-nine children (25 girls; 24 boys; range = 26 – 70 months) participated:
twelve two-year-olds (M = 32.08 months, SD = 2.61 months), 11 3-year-olds (M = 43.27
months, SD = 3.61 months), 15 4-year-olds (M = 54.53 months, SD = 3.20 months) and
11 5-year-olds (M = 66.18 months, SD = 3.13 months). Sixty-six percent of the sample
was White, 10% Black, 8% Hispanic, 14% Asian, and 2% Mixed Race, and a wide range
of socioeconomic backgrounds was represented.
Materials
The four apparatuses from Studies 1 and 2 were used (see Appendix I).
Procedure
The four conditions from Studies 1 and 2 were used (Intentional, Accidental,
Silent Demo, Control). The presentation of conditions was identical to Study 1 with two
exceptions. First, the verbal instructions provided by the experimenter did not include
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explicit information about the goal of retrieving the toy. Prior to each demonstration, the
experimenter said, “Look at this. Now watch me.” Before the child’s turn, she said, “Now
it’s your turn.”, and when children succeeded in retrieving the toy, she said, “Look what
you did!” For the Control Condition, the experimenter said, “Look at this. I don’t know
how this one works. Can you show me what we need to do for this one?” Second, the
order of conditions was counterbalanced so that the Control Condition occurred either
first or last. The three demonstration conditions followed and preceded each other
approximately equally often across participants, and each apparatus was paired with each
condition equally often.
Results
Scoring and Analysis of Irrelevant and Relevant Actions
Children received both an Irrelevant Score and a Relevant Score for each Trial,
resulting in 12 Irrelevant and 12 Relevant Scores per child. The 0-4 scale from Studies 1
and 2 was used, reflecting the degree to which children manipulated each of the moving
parts (See Table 1). Scores were assessed from videotape by independent coders. Data
collected from 25% of the participants was coded to assess interrater reliability. The
intraclass correlation coefficient was .86.
The scores of children in this study were compared to the scores of the 49
children in Study 1 who had the Control Condition either first or last. Irrelevant and
Relevant Scores were assessed in a mixed analysis of variance with Age and Knowledge
of Goal (Known, Unknown) as between-subjects factors, and Condition and Relevancy of
Action as within-subjects factors. Bonferroni tests were used for all post-hoc
comparisons.
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Table 6 shows means and standard deviations for Irrelevant and Relevant Scores
for children in Study 3, broken down by Condition. The analysis produced significant
main effects of Condition, F(3, 270) = 29.26, p < .001, η2 = .25, and Relevancy of
Action, F(1, 90) = 85.31, p < .001, η2 = .49. Overall, children had significantly lower
scores in the Accidental (M = 1.99; SD = .76) and Control (M = 2.27; SD = 1.14)
Conditions than in the Silent Demonstration (M = 2.84; SD = .68) and Intentional (M =
2.86; SD = .68) Conditions (all ps < .001). Children also had significantly higher
Relevant Scores (M = 2.84; SD = .41) than Irrelevant Scores (M = 2.14; SD = .77).
Main effects were qualified by significant interactions between Condition and
Relevancy of Action, F(3, 270) = 19.59, p < .001, η2 = .18, Relevancy of Action and
Knowledge of Goal, F(1, 90) = 12.23, p = .001, η2 = .12, and Condition and Knowledge
of Goal, F(3, 270) = 2.69, p < .05, η2 = .03.
Analysis of the interaction between Condition and Relevancy of Action found that
Irrelevant Scores were significantly lower in the Accidental Condition (M = 1.10; SD =
1.60) than in the Intentional (M = 2.75; SD = 1.19) and Silent Demonstration (M = 2.72;
SD = 1.30) Conditions (all ps < .001), replicating this finding from Studies 1 and 2, F(3,
291) = 27.33, p < .001, η2 = .22. Irrelevant Scores in the Control Condition (M = 1.66,
SD = 1.50) were significantly lower than in the Accidental Condition (p < .01). Relevant
Scores were lower in the Control Condition than in the other three conditions (all ps <
.05), F(3, 291) = 8.37, p < .001, η2 = .08.
The interaction between Relevancy of Action and Knowledge of Goal was
analyzed using separate t-tests for Irrelevant and Relevant Scores to compare the Goal
Unknown (Study 3) and the Goal Known (Study 1) groups. Figure 4 shows Irrelevant and
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Relevant Scores, collapsed across Condition, for the two groups. Children who did not
have explicit knowledge of the goal (M = 2.35; SD = .78) had significantly higher
Irrelevant Scores than children who had explicit knowledge of the goal (M = 1.93; SD =
.71), t(96) = -2.77, p < .01, d = 2.69. Analysis of the Relevant Score produced no
significant differences (p > .20).
To analyze the interaction between Condition and Knowledge of Goal, t-tests on
children’s Mean Scores, calculated by averaging each child’s Irrelevant and Relevant
Scores, were performed within each condition, comparing the Goal Unknown group
(Study 3) to the Goal Known group (Study 1). Figure 5 shows Mean Scores, broken
down by Condition and Knowledge of Goal. Significant differences emerged within the
two conditions in which the experimenter’s actions were performed intentionally. Within
the Intentional t(96) = 2.10, p < .05, d = 1.76, and Silent Demonstration, t(96) = -2.88, p
< .01, d = 2.42, Conditions, children who did not have explicit knowledge of the goal had
higher scores (Intentional: M = 3.00; SD = .60; Silent: M = 3.04; SD = .59) than children
who had explicit knowledge of the goal (Intentional: M = 2.71; SD = .74; Silent: M =
2.64; SD = .76) . There were no significant differences within either the Accidental or
Control Conditions (all ps > .30).
To analyze the effect of Control Condition Sequence, planned comparisons
analyzed the Irrelevant and Relevant scores of children who had the Control Condition
First to those who had it Last for each Condition, separately for the two groups (Goal
Unknown, Goal Known). No significant differences emerged in the Goal Known group.
For the Goal Unknown Group, within the Control Condition children had significantly
higher Irrelevant Scores, t(47) = -2.47, p < .05, d = 2.48, and Relevant Scores, t(47) = 45

2.41, p < .05, d = 2.08, when the Control Condition was last (Irrelevant: M = 2.62; SD =
1.74; Relevant: M = 2.75; SD = 1.07) than when it first (Irrelevant: M = 1.40; SD = 1.73;
Relevant: M = 2.62; SD = 1.74). For the Silent Demonstration Condition, children who
had the Control Condition last (M = 3.42; SD = .50) also had significantly higher
Irrelevant Scores than children who had it first (M = 2.84; SD = 1.28), t(47) = -2.06, p <
.05, d = 1.65. Follow-up chi-square tests were conducted to determine if this difference in
scores reflected differences in rates of success. Children were indeed more likely to
succeed in the Control Condition when it was last (75%) than when it was first (44%),
χ2(49) = 4.87, p < .05. This effect did not emerge in the Silent Demonstration Condition.
Categorization of Irrelevant Imitation
Given our hypothesis that lacking explicit knowledge of the goal would increase
the precision with which children imitated irrelevant actions, the next set of analyses
investigates how closely children’s performance of irrelevant actions replicated the
demonstration. For each Condition, children’s Irrelevant Imitation was categorized as
Poor, Precise, or Perseverative according to their Irrelevant Scores. Poor Imitation
indicates replicating fewer actions than observed, Precise Imitation indicates replicating
exactly what was observed, and Perseverative Imitation indicates performing actions in
excess of what was observed. Thus, a score of 3 was categorized as Precise Irrelevant
Imitation, while scores less than 3 were categorized as Poor Irrelevant Imitation, and
scores greater than 3 were categorized as Perseverative Irrelevant Imitation. In the
Control Condition, these categories represented low, moderate, and high degrees of
manipulation of the irrelevant moving parts of each apparatus.
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Kruskal-Wallis tests compared the rates of Poor, Precise, and Perseverative
Imitation between the Goal Unknown and Goal Known groups within each condition.
Figure 6 shows the percentage of children in the Goal Unknown and Goal Known groups
classified as Poor, Precise, and Perseverative Irrelevant Imitators for these two
conditions. Significant differences were found between the two groups in the Intentional,
H = 9.49, p < .01, and Silent Demonstration, H = 7.06, p < .01, Conditions. Follow-up
Mann-Whitney U tests showed that for both the Intentional and Silent Demonstration
Conditions, children in the Goal Unknown group exhibited significantly less Poor
Imitation and significantly more Perseverative Imitation than children in the Goal Known
Group (all ps < .05, except the difference was marginal (p = .06) for Poor Imitation in the
Intentional Condition, see Table 7).
Discussion
Children in Study 3, who were not given explicit verbal knowledge of the goal of
the demonstrations, showed a pattern of increased performance of irrelevant actions
relative to children in Study 1, who were verbally informed of the goal before viewing
the demonstrations and throughout the procedure. Our results are consistent with studies
on irrelevant actions that find imitation of particular action styles when an initial
communicative cue is not goal-specific (“Watch this.”) (Horner & Whiten, 2005;
McGuigan et al., 2010, 2007), and suggest that with prior knowledge of the toy-retrieval
goal in these studies, children’s imitation of the experimenter’s action styles might
decrease. Our findings are also consistent with studies that show that without knowledge
of a goal, or without the presence of a visible goal within a demonstration, children copy
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a demonstrator’s action style with increased precision (Carpenter, Call, & Tomasello,
2002, 2005; Williamson & Markman, 2006).
Given that our apparatuses were constructed from clear plastic and that the toys
could be seen throughout each demonstration, our tasks could be described as containing
a visible goal, which children could use as a cue to the task goal. However, given the
increase in imitation of irrelevant actions, it seems unlikely that the toys inside the
apparatuses served as a contextual cue to the goal of the tasks. This may be accounted
for by differences between our task and others that also contain visible goals (Carpenter,
Call, & Tomasello, 2005; Williamson & Markman, 2006). In our tasks, the goal (i.e., the
toy) was contained within the apparatuses and needed to be extracted, while in Carpenter
et al. (2005) a mouse was placed within a house, and in Williamson and Markman (2006)
objects were placed within collages. This differentiating factor of “putting in” versus
“getting out” may account for the difference in degree of imitation between Study 3
(getting out) and Carpenter et al. and Williamson and Markman (putting in). Putting
objects inside containers does seem to be a particularly salient action for children, who
will put toy animals inside houses even when a demonstration places the animals in
empty locations and they interpret action style as particularly important to imitate
(Durham et al., 2008; Southgate at al., 2009). Given this, and our finding of increased
irrelevant action imitation, we believe it is unlikely that the toys visible inside the
apparatuses served as a contextual cue for children in Study 3.
Although we predicted that there would be an increase in the rate of Precise
Imitation of irrelevant actions in the Intentional and Silent Demonstration Conditions
when children did not have prior goal knowledge, levels of Precise Imitation remained
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the same. Surprisingly, it was the rate of Perseverative Imitation of irrelevant actions that
increased, while the rate of Poor Imitation decreased. This suggests a general shift toward
increased manipulation of the irrelevant parts. While it cannot be conclusively
determined from our between-subjects design, we believe it is likely that this represents a
shift from Poor to Precise and from Precise to Perseverative Imitation. In other words,
some children who would imitate irrelevant actions to a lesser degree when they had prior
goal knowledge shifted toward Precise Imitation, while some children who would imitate
precisely when they had prior goal knowledge shifted toward Perseverative Imitation.
That is, there would likely not be a jump to the Perseverative category for children who
shift from the Poor category. This might be addressed by future research using a withinsubjects design.
Children’s imitation of irrelevant actions suggests that they understand these
actions as necessary to making objects function to achieve a goal. In the current studies,
for instance, children appear to perceive that the irrelevant actions contribute to toy
retrieval in some way. They may have theories as to how the irrelevant actions have a
physical effect on retrieving the toy, or they may accept that the irrelevant actions
contribute to reaching the goal in some causally opaque way without feeling compelled to
understand how. However, without the guidance provided by goal knowledge, as in
Study 3, the motivation to understand the physical effects of the irrelevant action may
increase. Thus, the increase in rates of Perseverative Imitation found in the Intentional
and Silent Demonstration Conditions of Study 3 could be due to children manipulating
the irrelevant parts in exploratory maneuvers as attempts to elicit physical effects.
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This increase in performance of irrelevant actions can be explained within the
framework of communicative intent presented by Southgate and colleagues (2009),
which describes the precision of children’s imitation in terms of what they believe a
demonstrator intends for them to learn in a pedagogical situation. Within this framework,
when all demonstrated information is new and there are no cues as to the goal of a task,
children imitate very precisely because they assume the demonstrator intends for them to
learn everything. This was the situation presented to children in Study 3 – they were not
informed of the goal, and therefore all information presented in the demonstration was
new. Children may have therefore had difficulty deriving the communicative intent of the
experimenter, and without an understanding of what the experimenter intended for them
to learn, they may have assumed that all demonstrated actions were equally important,
which resulted in increased imitation of irrelevant actions.
Children’s ability to generalize the goal of a task from previous demonstrations
was highlighted in the finding that those in Study 3 who had the Control Condition last
had higher Irrelevant and Relevant Scores and were also more likely to be successful in
this condition than those who had it first. In the Control Condition, children were given
the instructions, “Look at this. I don’t know how this one works. Can you show me what
we need to do for this one?” Not only was no knowledge about the goal provided, but
children were asked to show the experimenter how the object functioned, a reversal of the
pedagogical relationship present in the demonstration conditions. When the Control
Condition was first, this request may have seemed rather daunting to children, many of
whom were hesitant to even make contact with the apparatuses in this situation.
However, when the Control Condition followed three demonstrations, each including the
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retrieval of a toy, children appeared much more comfortable manipulating the
apparatuses, resulting in increased manipulation scores. The significantly higher success
rates of children who had the Control Condition last suggests that they had discerned the
toy-retrieval goal from the previous demonstrations, without any verbal identification of
the goal by the experimenter, and were able to generalize this goal to the final task. It is
also interesting that children chose to perform the Irrelevant Action in the Control
Condition when it was last, suggesting that they may have also generalized the two-step
action sequence from the demonstrations.
The results of Study 3 show that without verbal information of a task goal prior to
a demonstration, the degree to which children imitate irrelevant actions increases. Future
research might investigate whether it is children’s attention to the demonstration that is
affected, or only their subsequent imitative decisions.
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STUDY 4
Beyond Irrelevant Actions:
Understanding the Role of Intentionality in
Children’s Imitation of Relevant Actions
Studies 1, 2, and 3 establish intentionality as a guiding factor in children’s
perception of which actions are causally necessary for object function when they learn by
observing others. However, these studies looked only at how children interpret the
necessity of causally irrelevant actions. Study 4 examines if children also use
intentionality to guide their perception of causally relevant actions.
Children were presented with demonstrations in which three relevant actions were
performed to retrieve toys from within various apparatuses. The first action was
differentially marked as intentional (“There!”) or accidental (“Whoops! I didn’t mean to
do that!”) during the demonstrations, while the second and third actions were always
marked as intentional. For the child’s turn, the first action either remained causally
relevant for toy retrieval, or was rendered irrelevant so that only the second and third
actions needed to be performed. This created two conditions in which the intentionality of
the demonstration was inconsistent with the causal relevance of the actions for the child’s
turn, and two conditions in which intentionality and relevance were consistent. Of
primary interest was whether children would perform the first action when it was causally
irrelevant, given that it had been demonstrated intentionally, and how they would
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approach the action when it was causally relevant but had been demonstrated
accidentally.
The relationship between the intentionality of a demonstrator’s actions and the
functionality of tools was investigated by DiYanni and Kelemen (2008) in a series of
studies. They showed two- to four-year-old children demonstrations of tool choice and
tool use in which an experimenter accidentally chose, and subsequently rejected, a
functional tool, and then intentionally chose a non-functional tool, which she then
attempted to use to complete a task. In contrast to our findings from Studies 1, 2, and 3,
children typically did not follow the experimenter’s intentions, instead selecting the
functional tool despite the demonstration in which it was chosen accidentally. However,
when deciding between a functional tool chosen accidentally and a non-functional tool
chosen intentionally and described as “made for” the task, 3-year-olds, but not 2- or 4year-olds, followed the experimenter’s intentions and selected the non-functional tool.
One limitation of these studies is that they did not isolate the effects of learning through
observation, as children were given a familiarization period with the task materials in
which they could manually explore the tools prior to the demonstration. During this
exploration, children may have discovered through independent experiential learning
certain functional properties of the tools that allowed them to easily recognize that the
non-functional tool would not work to complete the demonstrated task. The pairing by
DiYanni and Kelemen (2008) of an accidental choice with a functional tool is similar to
the condition in Study 4 in which a relevant action is performed accidentally and remains
relevant for the child’s turn, while the pairing of an intentional choice with a nonfunctional tool is similar to the condition in which a relevant action is performed
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intentionally but rendered irrelevant for the child’s turn. DiYanni and Kelemen (2008)
found that the functionality of the tools was a more salient factor for children,
overwhelming most effects of intentionality.
If children in Study 4 also privilege function over intention, they should choose
not to imitate the first action when it is rendered irrelevant, even if it was intentionally
demonstrated, and should not hesitate to imitate the first action when it remains relevant,
even if it was demonstrated accidentally. In contrast, if children use intentionality to
guide their causal understanding of relevant actions, they should imitate an intentionallydemonstrated action even if it is rendered irrelevant. If an action is demonstrated
accidentally but remains relevant, children will have to perform it to succeed on the task,
so it is expected that they will perform the action in this condition. However, if their
perception of object function is based on the intentionality of the demonstration, they
may have an understanding that the accidentally-demonstrated action is irrelevant, which
would need to be revised when they are presented with the task and this action is
relevant. If a revision of causal understanding is necessary, children may show increased
latency to perform the first action in this condition. There were also two conditions in
which the intentionality of the demonstration was consistent with the relevancy of the
first action for the child’s turn. In these conditions, we expect children to follow the
intentions of the demonstrator, imitating the first action when it is demonstrated
intentionally and remains relevant, and ignoring the first action when it is demonstrated
accidentally and rendered irrelevant.
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Method
Participants
Fifty-eight children (29 girls; 29 boys; range = 37 – 71 months) participated:
eighteen 3-year-olds (M = 41.11 months, SD = 2.56 months), 21 4-year-olds (M = 53.14
months, SD = 3.07 months) and 19 5-year-olds (M = 62.53 months, SD = 2.74 months).
Most children were White, from middle and upper class backgrounds.
Materials
Six apparatuses were used, each containing a series of clear plastic compartments
and three moving parts. A small stuffed animal could be maneuvered through and
retrieved from each apparatus by manipulating the moving parts. The toy could be placed
in either the first compartment or the second compartment to begin the sequence of toy
movement through the apparatus. Placing the toy in the second compartment rendered the
first moving part irrelevant to retrieval. Therefore, if the initial position of the toy was in
the first compartment, retrieval required the manipulation of all three moving parts, and if
the initial position of the toy was in the second compartment, retrieval required the
manipulation of the second and third moving parts. If the toy began in the second
compartment, the first moving part, rendered irrelevant, could still be fully manipulated.
Apparatuses are pictured in Appendix II.
Procedure
All children participated in four demonstration conditions and two control
conditions. For the demonstrations, the toy began in the first compartment, requiring the
manipulation of all three moving parts. The experimenter placed an apparatus in front of
herself and said, “Look at this.” She then pointed to the toy to highlight its position and
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said, “See the animal? I’m going to get the animal out.” She performed the First Action,
followed by the Second Action, followed by the Third Action, and retrieved the toy.
During each demonstration, the intentionality of the actions was manipulated
using verbal markers. While the Second Action and Third Action were always marked as
intentional (“There!”), the First Action was differentially marked as intentional or
accidental. In two of the demonstrations, the First Action was marked as intentional,
indicated by the word “There!”, and in the other two demonstrations, the First Action was
marked as accidental, indicated by the phrase, “Whoops! I didn’t mean to do that!”
For the child’s turn, the apparatuses were reset so that the First Action remained
relevant or was rendered irrelevant by placing the toy in the second compartment. This
varied with whether the First Action was demonstrated intentionally or accidentally,
creating two conditions in which the relevancy of the First Action for the child’s turn was
consistent with the intentionality with which it was performed in the demonstrations, and
two conditions in which it was inconsistent. There was consistency in the Intentional
Relevancy Retained Condition, in which the First Action was performed intentionally and
remained relevant for the child’s turn, and in the Accidental Relevancy Removed
Condition, in which the First Action was performed accidentally and rendered irrelevant
for the child’s turn. There was inconsistency in the Intentional Relevancy Removed
Condition, in which the First Action was performed intentionally and rendered irrelevant
for the child’s turn, and in the Accidental Relevancy Retained Condition, in which the
First Action was performed accidentally and remained relevant for the child’s turn. After
the apparatus was reset out of sight, the experimenter pointed to the toy to highlight its
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position (“See the animal?”), and then placed the apparatus in front of the child, who was
encouraged to retrieve the toy (“Now it’s your turn. Can you get the animal out?”).
In the two control conditions, children were presented with an apparatus and
encouraged to retrieve the toy on their own without any prior demonstration. The
experimenter said, “Look at this.”, and pointed at the toy to highlight its position, saying,
“See the animal? Can you get the animal out?” In the Control Relevancy Retained
Condition, the toy was placed in the first compartment and all three actions were required
for retrieval. In the Control Relevancy Removed Condition, the toy was placed in the
second compartment and the second and third actions were required for retrieval.
Each toy-retrieval attempt ended when the child was successful or after three
minutes had elapsed. The structure of three of the apparatuses (Red Lever Shuttle,
Yellow Stair Step Tube, Brown Elevator) allowed for the toy to become stuck if the
moving parts were manipulated out of order. If this happened, the experimenter waited 10
seconds before saying, “Uh oh! Looks like the animal is stuck! Let’s go on to the next
one.” This was an infrequent occurrence.
Each condition occurred with each apparatus approximately equally often across
participants. The order was counterbalanced so that the three different kinds of conditions
(intentional, accidental, control) alternated so that the two conditions of the same kind
never occurred in direct sequence (e.g., intentional, accidental, control, intentional,
accidental, control). Additionally, the relevancy of the first action for the child’s turn was
counterbalanced so that it alternated between retained and removed across the six
conditions. All sessions were videotaped.
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Results
Scoring
Using the 0-4 scale from Studies 1, 2, and 3 (see Table 1), children received a
First Action Score, Second Action Score, and Third Action Score for each Condition that
reflected the degree to which they manipulated the respective moving parts of each
apparatus. As in the previous studies, this scale was related to the precision with which
children’s manipulations replicated the experimenter’s actions. However, there was one
notable exception. While the experimenter did not reset any of the moving parts after she
manipulated them during the demonstration, during their attempts at toy retrieval many of
the children moved parts back to their original positions after using them to maneuver
toys through the various compartments of the apparatuses. For instance, if a trap door
needed to be pulled out to drop a toy into a subsequent compartment, children would
often push the trap door back in after the toy was released before moving on to the next
part. In most cases this did not appear to be an attempt to elicit a further effect from the
moving part – children just seemed to have a simple desire to reset the parts. Many
children even reset the third part after retrieving the toy. Thus, resetting a moving part
was not coded as over-moving the part (a score of 4), but was coded as fully moving a
part (a score of 3). If children further manipulated a part after resetting it, this was scored
as over-moving the part. Scores were assessed from videotape by two independent
coders. The first coder then scored 30% of the second coder’s videos to determine
interrater reliability. The intraclass correlation coefficient was .92.
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Analysis of Action Scores
Action Scores were assessed in a mixed analysis of variance with Age as a
between-subjects factor, and Intentionality (i.e., of the first action during the
demonstration: Intentional, Accidental, No Demo Control), Relevancy (i.e., of the First
Action for the child’s turn: Retained, Removed), and Action (First, Second, Third) as
within-subjects factors. A preliminary analysis revealed no effects of gender, and this
factor was not included in subsequent analyses. Bonferroni tests were used for all posthoc comparisons.
Table 8 shows means and standard deviations for the First, Second, and Third
Action Scores in each of the six conditions. There were significant main effects of
Relevancy, F(1, 55) = 38.80, p < .001, η2 = .38, and Action, F(2, 110) = 14.14, p < .001,
η2 = .21. Children had higher overall scores when the Relevancy of the First Action was
Retained (M = 3.01; SD = .37) than when it was Removed (M = 2.65; SD = .45), and had
lower First (M = 2.61; SD = .64) than Second (M = 2.94; SD = .31) and Third (M = 2.94;
SD = .39) Action Scores.
There were four significant two-way interactions: Action by Age, F(4, 110) =
4.59, p < .01, η2 = .14, Intentionality by Age, F(4, 110) = 2.71, p < .05, η2 = .09,
Intentionality by Action, F(4, 220) = 3.12, p < .05, η2 = .05, and Relevancy by Action,
F(2, 110) = 35.34, p < .001, η2 = .39.
To investigate the Action by Age interaction, repeated measures ANOVAs were
performed on the three Action Scores for each age, collapsed across conditions. The First
(M = 2.82; SD = .64), Second (M = 2.82; SD = .33), and Third (M = 2.82; SD = .52)
Action Scores were not significantly different for 3-year-olds. Four-year-olds’ First
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Action Scores (M = 2.62; SD = .64) were significantly lower (p < .05) than their Third
Action Scores (M = 2.96; SD = .37), and marginally significantly lower (p = .06) than
their Second Action Scores (M = 2.92; SD = .37), F(2, 40) = 6.65, p < .01, η2 = .25. Fiveyear-olds showed the same pattern, with significantly lower First Action Scores (M =
2.39; SD = .60) than Second (M = 3.07; SD = .10) and Third (M = 3.02; SD = .23) Action
Scores (both ps < .001), F(2, 36) = 21,63, p < .001, η2 = .55. To investigate the
Intentionality by Age interaction, mean scores were calculated for each type of
demonstration (Intentional, Accidental, No Demo Control), collapsed across Relevancy
and Action. Repeated measures ANOVAs were performed on these scores for each age.
The only significant difference was in the 3-year-old age group, F(2, 34) = 3.47, p < .05,
η2 = .17, which had significantly higher Intentional (M = 3.05; SD = .53) than Accidental
mean scores (M = 2.70; SD = .41) (p = .01).
To investigate the interaction between Intentionality and Action, repeated
measures ANOVAs were performed on mean scores, calculated for each Action (First,
Second, Third), collapsed across Relevancy and Age for each type of demonstration. For
both the Intentional, F(2, 34) = 3.47, p < .05, η2 = .17, and Accidental, F(2, 34) = 3.47, p
< .05, η2 = .17, demonstrations, mean scores were significantly lower for the First Action
(Intentional: M = 2.55; SD = 1.01; Accidental: M = 2.49; SD = .86) than for the Second
(Intentional: M = 3.30; SD = .31; Accidental: M = 2.91; SD = .44 ) and Third (Intentional:
M = 3.02; SD = .46; Accidental: M = 2.97; SD = .45) Actions (all ps < .01).
To investigate the interaction between Relevancy and Action, mean scores were
calculated for each Action (First, Second, Third), collapsed across Intentionality, for each
type of Relevancy (i.e., of the First Action for the child’s turn: Retained, Removed).
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Subsequent tests on each Action revealed that Relevancy Retained scores (M = 3.16; SD
= .37) were higher than Relevancy Removed scores (M = 2.05; SD = 1.12) for the First
Action, t(57) = 7.83, p < .001, d = 1.26, but approximately equal for the Second
(Retained: M = 2.99; SD = .46; Removed: M = 2.89; SD = .40) and Third (Retained: M =
2.86; SD = .61; Removed: M = 2.99; SD = .44) Actions.
Planned comparisons were conducted to compare the latency to perform the First
Action across conditions. Latency scores of zero, for children who did not perform the
First Action, were excluded from analyses. No significant differences were found (all ts <
2.05; all ps > .05).
Categorization of First Action Imitation
The pattern of findings thus far shows a clear prominence of Relevancy in
children’s imitation of the First Action. Regardless of the intentionality of the
demonstration, children’s First Action Scores were significantly lower when Relevancy
was Retained than when it was Removed or their turn (see Figure 7). However, mean
scores for the Relevancy Removed conditions were about 2.00 (see Table 8), indicating
that children were manipulating the First Part to some degree in these conditions. To
further understand children’s performance, imitation of the First Action was categorized,
based on children’s First Action Scores, as None, Poor, Precise, or Perseverative
according to the criteria in Table 9. A score of 0 reflected No Imitation, scores of 1 or 2
reflected Poor Imitation, scores of 3 reflected Precise Imitation, and scores of 4 reflected
Perseverative Imitation. The No Imitation category was included to most
comprehensively understand the distribution of First Action Scores. In the Control
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Conditions, these categories reflected the degree to which children manipulated the First
Part.
Figure 8 shows the percentage of children in each Imitation Category for each
Condition. Friedman tests compared the rates of No, Poor, Precise, and Perseverative
Imitation within each condition, and follow-up McNemar and exact binomial tests
revealed specific differences between the imitation categories (see Table 10). The
patterns of imitation differed between the Relevancy Retained and the Relevancy
Removed conditions (see Figure 8).
In the Relevancy Retained Conditions, children most frequently imitated
precisely. In the Intentional Relevancy Retained Condition, children were significantly
more likely to exhibit Precise Imitation than No, Poor, or Perseverative Imitation (all ps <
.001), and more likely to exhibit Perseverative than No or Poor Imitation (all ps < .05). In
the Accidental Relevancy Retained Condition, children were also more likely to exhibit
Precise Imitation than No, Poor, or Perseverative Imitation (all ps < .001). In the Control
Relevancy Retained Condition, children were more likely to exhibit Precise Manipulation
than No or Poor Manipulation (ps < .001), and more likely to exhibit Perseverative
Manipulation than No or Poor Manipulation (ps < .001).
In the Relevancy Removed Conditions, the rates of the four types of Imitation
were distributed somewhat bimodally (see Figure 8). This was particularly evident in the
Intentional Relevancy Removed Condition, in which children were more likely to exhibit
No Imitation and Perseverative Imitation than Poor Imitation (ps < .01). There were no
significant differences between the rates of the different types of Imitation in the
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Accidental Relevancy Removed Condition. In the Control Relevancy Removed
Condition, children were more likely to exhibit Perseverative than Poor Imitation.
Given the prominence of Relevancy reflected in children’s imitation, further
analyses were conducted to investigate why a large proportion of children manipulated
the First Part in the Relevancy Removed Conditions. If children initially ignored the First
Part but failed to correctly manipulate the Second or Third Parts, subsequent
manipulation of the First Part might reflect a trial-and-error process of manipulation. This
would predict manipulation of the First Part after attempts with the Second or Third
Parts. Another possibility is that children were exploring the First Part given a peculiar
demonstration in which a relevant action was performed accidentally. This would predict
manipulation of the First Part before the other parts. Binomial tests were conducted for
each Relevancy Removed Condition on children who had First Action Scores of 1 or
greater to determine if children were more likely to manipulate the First Part before or
after the other parts. While children tended to manipulate the First Action before the
Second or Third in all conditions (Intentional: 67%; Accidental: 65%; Control: 62%),
significance was not reached (all ps > .06).
Discussion
Study 4 examined the role of intentionality in children’s causal perception and
imitation of relevant actions. In contrast to findings from Studies 1-3, in which
intentionality guided children’s causal perception of irrelevant actions, relevancy
predominated over intentionality in children’s perception of the functional necessity of
relevant actions. This reversal of the relationship between intentionality and relevancy
demonstrates that the intentionality framework used to explain children’s imitation of
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irrelevant actions in Studies 1-3 cannot be extended to describe how children interpret the
necessity of relevant actions during observational learning.
When the relevancy of the first action was retained for the child’s turn, children
performed this action regardless of the intentionality of the demonstration. This finding is
consistent with most conditions of the tool-use studies of DiYanni and Kelemen (2008),
in which children almost always discounted the intentionality of a demonstrator in favor
of functional properties when making tool-use choices. That children did not blindly
follow the intentions of the demonstrator supports the argument that learners bring to the
observational learning context pre-existing causal knowledge, which constrains their
perceptions of a demonstrator’s actions (Bonawitz et al., in press; Buchsbaum et al., in
press; Csibra & Gergely, 2006; Goodman et al., 2009). When demonstrated actions
physically contribute to achieving a goal in a way that is readily observable (e.g.,
maneuvering a toy through clear plastic apparatuses) and undeniable to anyone with a
basic understanding of how objects interact when force is applied, causal perception is
based on this strong prior understanding and therefore resistant to other elements of the
demonstration such as the intentionality of the demonstrator. Knowledge of the basic
physical principles at work in the apparatuses of Study 4 (e.g., continuity, gravity)
emerges in early infancy and is fully developed well before the preschool period (Spelke
et al., 1992).
For the Relevancy Retained Conditions, children were very likely to precisely
imitate the first action, and given the paramount effect of relevancy, it might be expected
that children would flat-out ignore the first action in the Relevancy Removed Conditions.
While many children did just this, categorization of imitation shows that many other
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children manipulated the first part, with a sizable proportion perseverating in their
manipulation. This bimodal pattern was most striking in the Intentional Relevancy
Removed Condition, and similar distributions were seen in the Accidental and Control
Conditions. Children’s performance of the first action in the Intentional Relevancy
Removed Condition is consistent with our initial hypothesis. However, several findings
suggest that children who performed this action were not doing so to align themselves
with the demonstrator’s intentions. First, very few children who performed this action
imitated the demonstrator precisely, which would be expected if children were using
intentionality to guide their actions. Second, a similar pattern emerged in the Accidental
Relevancy Removed Condition, in which intentionality-based inference would predict
disregard for the first action. Therefore, a more plausible explanation is that children who
performed the first action in the Relevancy Removed Conditions were exploring this part,
although it is likely that the motivation to explore was somewhat different in the
Intentional and Accidental Conditions. While the majority of children who performed the
first action did so before performing the second or third actions, about one-third of
children in each condition performed the first action after the second or third. In the
Intentional Relevancy Removed Condition, children who manipulated the first part
before the other two may have been exploring out of curiosity as to why the part no
longer appeared necessary, while children who manipulated the first part after the other
two may have been engaging in a trial-and-error process after they had difficulty
attempting to manipulate the second or third parts. This trial-and-error manipulation of
the first part after trying and failing with the second or third parts is also applicable for
children who manipulated the first part after the other two in the Accidental Relevancy
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Removed Condition. For children in the Accidental Condition who manipulated the first
part before the other two, it may be that observing the unusual behavior of a necessary
action being performed accidentally affected children’s perception of the demonstrator in
a way that compelled them to explore the effects of the first part. The pedagogical
framework, which describes pedagogy as an evolved adaptation with numerous design
features (e.g., Csibra & Gergely, 2006), as well as formal Bayesian models of pedagogy
(Buchsbaum et al., in press; Goodman et al., 2009; Shafto & Goodman, 2008), predict
that learners expect teachers to present rational demonstrations. This expectation may
have been violated when the experimenter performed a clearly necessary action
accidentally, compelling children to evaluate the physical efficacy of the first part for
themselves.
Taken together, the results of Study 1-4 show that children process relevant and
irrelevant actions differently during observational learning of object use. Possible
explanations for this difference are addressed in the General Discussion.
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GENERAL DISCUSSION

If some one man in a tribe, more sagacious than the others, invented a new snare
or weapon, or other means of attack or defence, the plainest self-interest, without
the assistance of much reasoning power, would prompt the other members to
imitate him; and all would thus profit. (Darwin, 1871, p. 161)

As shown in Studies 1-3, intentionality plays an important role in guiding
children’s perception of the causal necessity of irrelevant actions during observational
learning. However, Study 4 demonstrates that when it comes to relevant actions, children
discount intentionality cues in favor of true physical causal structure. This disparity in
findings can be resolved when placed within a framework of the evolution of tool-use
learning.
Comparative studies of social learning have shown that chimpanzees (Pan
troglodytes) do not imitate causally irrelevant actions when structural relationships are
observable (Horner & Whiten, 2005; Nagell, Olguin & Tomasello, 1993; Whiten,
Custance, Gomez, Teixidor, & Bard, 1996), which suggests a selection pressure for the
evolution of indiscriminate imitation that is unique to the Homo lineage. A good
candidate for this is complex tool use, a probable adaptation that distinguishes us from
our closest primate relatives (Bjorklund & Gardiner, 2011; Shick & Toth, 1993). While
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tools may have multiple affordances (functions for which tools may be used, given
environmental constraints), those most important to facilitating survival would be the
most pertinent to learn (i.e., the designed function, or “intentional affordances” –
Tomasello, 1999a, 1999b). As an adaptation, tool use would have provided selection
pressure for the evolution of learning mechanisms that facilitate efficient and accurate
transmission of adaptive tool knowledge.
Csibra and Gergely (2006; Gergely & Csibra, 2005) suggest that the multifunctional status of complex human tools makes observable tool-use behavior cognitively
opaque. In other words, a learner knows neither the background knowledge a
demonstrator brings to the social-learning context, nor the ultimate goal (i.e., desired tool
function) of his or her actions. Even if a goal is described or inferred, the action sequence
necessary to achieve it remains cognitively opaque. The cognitive opacity of observable
behavior presents to the learner a tool-use event in which the relevancy of observed
actions may be impossible to assess. Critically, however, if a learner has pre-existing
knowledge that is applicable to the situation, such as causal understanding related to
demonstrated objects, this knowledge is integrated into their perception of the observed
behavior (Csibra & Gergely, 2006). Therefore, if a learner brings no pertinent preexisting knowledge to a tool-use demonstration, irrelevant actions, known by the
demonstrator to be causally unnecessary, are cognitively opaque to the learner. Given this
scenario, tool-use learning mechanisms would have evolved a provision to manage the
cognitive opacity of observable tool-use behavior while still providing an accurate and
efficient means of cultural transmission. Csibra and Gergely (2006) describe this
provision as an assumption of relevance – given an instance of social learning that
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involves a cognitively opaque tool-use demonstration, learners assume that demonstrators
provide a physically rational approach to achieving a goal.
This assumption is apparent in children’s indiscriminate imitation, and Studies 13 support the inclusion of a qualifying intentionality component. Assuming that all
intentional actions are causally relevant is an efficient means of tool-use learning
because, most likely, actions performed intentionally are indeed necessary to fulfill the
designed, adaptive purpose of objects (i.e., intentional irrelevant actions are rare). This
type of reasoning would have been favored during the process of natural selection over an
assumption that tools were not being used for their intended purpose and that one would
need to determine their functionality on one’s own. This latter point of view would
require a lengthy trial-and-error process to determine object function, which might never
be discovered, resulting in loss of important cultural knowledge of tool-use behavior. In
contrast, the perspective that intentionality reflects causality, resulting in an
indiscriminate form of imitation, facilitates the preservation of essential tool knowledge
across generations. The viewpoint that indiscriminate imitation of object use evolved to
facilitate tool-use learning is shared by cross-cultural researchers who have provided
evidence that this form of imitation may represent a human universal (Nielsen &
Tomaselli, 2010).
Our findings suggest that what makes irrelevant actions cognitively opaque is the
lack of visibly observable physical effects. When actions have obvious physical effects,
as in Study 4, they are cognitively transparent and thus perceived as causally relevant.
What makes a physical effect obvious to a learner may depend on his or her pre-existing
causal knowledge. Given an understanding of basic physical mechanical causality (e.g.,
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when a moving object collides with another object, the first object may cause the second
object to move), the role that the actions demonstrated in Study 4 play in achieving the
goal of the task are clear. The cognitive transparency of relevant actions, based on a
learner’s pre-existing causal knowledge, leads to dismissal of the demonstrator’s
intentionality as a cue to causal structure.
This suggests that if the physical effects of relevant actions are unobservable, they
would be rendered cognitively opaque and subject to the same processing biases as
irrelevant actions. With this logic in mind, the next study in this series involves shrouding
the apparatuses used in Study 4 with opaque materials to hide the physical effects of the
first moving parts of each. This will create literal opacity, which for relevant actions
should translate to cognitive opacity and lead children to incorporate the intentionality
cues of the demonstrator into their perceptions of causal structure.
Conclusion
The current work provides an enriched picture of indiscriminate imitation and
how children use intentional understanding in perceiving object function during
observational learning. Study 1 provides evidence that begins to explain this seemingly
peculiar behavior, indicating an early-emerging mechanism of adaptive significance, with
cognitive architecture that enables children to infer causal structure of objects, guided by
the intentions of others’ actions. Study 2 shows that this effect endured across three
successive interactions with the objects, and Study 3 found that indiscriminate imitation
increased when children were not informed of the goal of the tasks. Finally, Study 4
demonstrates that children do not enter the observational learning context as blank slates
– they bring an understanding of causal relationships that facilitates a causally accurate
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interpretation of relevant components of object function, despite intentionality cues from
a demonstrator who attempts to lead them astray.
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Table 1
Scoring Criteria for Irrelevant and Relevant Scores (Studies 1, 2, 3) and
Action Scores (Study 4)
Criteria

Score

No contact with part

0

Touched part without moving it

1

Moved part partially (less than demonstrated)

2

Moved part fully (as demonstrated)

3

Over-moved part (in excess of demonstration)

4
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Table 2
Means and Standard Deviations for Irrelevant and Relevant Scores (Study 1)
Irrelevant Scores
Age 2

Age 3

Age 4

Age 5

Condition

M

SD

M

SD

M

SD

M

SD

Accidental

1.67

1.86

0.76

1.36

0.64

1.32

0.75

1.36

Intentional

2.12

1.73

2.44

1.39

2.68

1.07

2.42

1.32

Silent Demo

2.04

1.71

2.48

1.33

2.64

1.29

2.58

1.32

Control

2.29

1.81

2.36

1.73

1.92

1.78

2.25

1.78

Relevant Scores
Age 2

Age 3

Age 4

Age 5

Condition

M

SD

M

SD

M

SD

M

SD

Accidental

2.83

0.82

3.04

0.20

3.00

0.00

3.00

0.00

Intentional

3.12

0.61

3.00

0.00

2.88

0.60

3.00

0.00

Silent Demo

3.12

0.45

3.00

0.00

2.88

0.60

3.04

0.20

Control

2.79

0.72

2.44

1.16

2.88

0.67

3.04

0.36

73

Table 3
Categorization Criteria for Imitation (Manipulation in Control Condition) (Study 1)
Category

Description

Calculation

Poor Imitation
(Manipulation)

children copied less than what
was demonstrated
(manipulated to a low degree)

Total Score < 6
or
Total Score = 6 and
Irrelevant Score < 3 or
Relevant Score < 3

Precise Imitation
(Manipulation)

children copied exactly what
was demonstrated
(manipulated to a moderate
degree)

Total Score = 6 and
Irrelevant Score = 3 and
Relevant Score = 3

Perseverative Imitation
(Manipulation)

children copied everything that
was demonstrated and
performed one or more actions
to a greater frequency than was
demonstrated
(manipulated to a high degree)

Total Score > 6
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Table 4
Results of Analysis of Categories of Imitation (Manipulation) across Conditions
(Study 1)
Condition Comparison

Age 3

Age 4

Age 5

Accidental vs. Intentional

T = 22.50, p < .01

T = 8.50, p < .001

T = 26.00, p < .01

p = .001

p < .001

p < .01

p < .01

p = .001

p < .01

ns

ns

ns

T = 7.50, p = .001

T = 0.00, p < .001

T = 17.00, p = .001

p < .001

p < .001

p = .001

p < .01

p = .01

p = .01

ns

ns

ns

ns

ns

T = 23.00, p < .05

--

--

ns

--

--

ns

--

--

p < .05

Accidental

Intentional

Poor

Poor

Accidental

Intentional

Precise

Precise

Accidental

Intentional

Perseverative

Perseverative

Accidental vs. Silent Demo
Accidental

Silent Demo

Poor

Poor

Accidental

Silent Demo

Precise

Precise

Accidental

Silent Demo

Perseverative

Perseverative

Accidental vs. Control
Accidental

Control

Poor

Poor

Accidental

Control

Precise

Precise

Accidental

Control

Perseverative

Perseverative



Wilcoxon Signed Rank tests
*Note: Comparisons of Poor, Precise, and Perseverative Imitation were conducted using exact
binomial tests.
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Table 5
Means and Standard Deviations for Irrelevant and Relevant Scores (Study 2)
Irrelevant Scores
Trial 1

Trial 2

Trial 3

Condition

M

SD

M

SD

M

SD

Intentional

2.70

1.20

2.67

1.37

2.52

1.51

Accidental

1.53

1.66

1.34

1.69

1.23

1.58

Silent Demonstration

2.78

1.22

2.37

1.58

2.41

1.64

Control

2.30

1.82

1.31

1.79

1.36

1.79

Relevant Scores
Trial 1

Trial 2

Trial 3

Condition

M

SD

M

SD

M

SD

Intentional

3.05

0.21

3.06

0.24

3.14

0.35

Accidental

3.05

0.21

3.05

0.21

3.05

0.21

Silent Demonstration

3.00

0.44

2.97

0.59

3.02

0.45

Control

3.00

0.84

2.97

0.67

2.98

0.52
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Table 6
Means and Standard Deviations for Irrelevant and Relevant Scores (Study 3)
Irrelevant Scores

Relevant Scores

Condition

M

SD

M

SD

Accidental

1.27

1.62

2.88

0.67

Intentional

3.02

1.03

2.98

0.56

Silent Demo

3.12

1.01

2.96

0.50

Control

2.00

1.82

2.33

1.26
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Table 7
Results of Analysis between Goal Unknown (Study 3) and Goal Known (Study 1)
Groups for Categories of Irrelevant Imitation within Each Condition
Comparison

Result

Accidental

ns

Intentional

H = 9.49, p < .01

Goal Unknown

Goal Known

Poor

Poor

Goal Unknown

Goal Known

Precise

Precise

Goal Unknown

Goal Known

Perseverative

Perseverative

U = 882.00, p < .01
ns
U = 980.00, p < .05

Silent Demo 

H = 7.06, p < .01

Goal Unknown

Goal Known

Poor

Poor

Goal Unknown

Goal Known

Precise

Precise

Goal Unknown

Goal Known

Perseverative

Perseverative

U = 1029.00, p = .06
ns
U = 980.00, p < .05

Control

ns



Kruskal-Wallis tests
*Note: Comparisons of Poor, Precise, and Perseverative Irrelevant Imitation were conducted
using Mann-Whitney U tests.
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Table 8
Means and Standard Deviations for Action Scores (Study 4)
First Action
Condition

Second Action

Third Action

M

SD

M

SD

M

SD

Intentional

3.05

0.69

3.07

0.45

2.95

0.76

Accidental

2.90

0.64

2.98

0.69

3.10

0.52

Control

3.33

0.60

3.02

0.85

2.72

1.28

Intentional

2.05

1.77

3.00

0.53

3.10

0.64

Accidental

1.88

1.68

2.93

0.59

2.95

0.69

Control

2.24

1.73

2.74

0.83

2.93

0.99

Relevancy Retained

Relevancy Removed
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Table 9
Categorization Criteria for Imitation of First Action (Manipulation in Control Condition)
(Study 4)
Category

Description

Calculation

No Imitation
(Manipulation)

children did not copy what was
demonstrated
(no manipulation)

First Action Score = 0

Poor Imitation
(Manipulation)

children copied the action partially,
but less than what was demonstrated
(manipulated to a low degree)

First Action Score = 1 or 2

Precise Imitation
(Manipulation)

children copied exactly what was
demonstrated
(manipulated to a moderate degree)

First Action Score = 3

Perseverative Imitation
(Manipulation)

children performed the action to a
greater degree than was demonstrated
(manipulated to a high degree)

First Action Score = 4
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Table 10
Results of Analysis of Categories of First Action Imitation (Manipulation) within Each
Condition (Study 4)
Relevancy Retained

Comparison

Relevancy Removed

x2(3) = 88.90, p < .001

Intentional

x2(3) = 11.93, p < .01

p < .001 (McNemar)

Precise vs. None

ns

p < .001 (McNemar)

Precise vs. Poor

ns

p < .001 (McNemar)

Precise vs. Perseverative

ns

p < .01 (exact binomial)

Perseverative vs. None

ns

p < .05 (exact binomial)

Perseverative vs. Poor

p < .01 (exact binomial)

ns

Poor vs. None

p < .01 (McNemar)

x2(3) = 89.17, p < .001

Accidental

ns

p < .001 (McNemar)

Precise vs. None

--

p < .001 (McNemar)

Precise vs. Poor

--

p < .001 (McNemar)

Precise vs. Perseverative

--

ns

Perseverative vs. None

--

ns

Perseverative vs. Poor

--

ns

Poor vs. None

--

x2(3) = 55.38, p < .001

Control

x2(3) = 8.07, p < .05 

p < .001 (McNemar)

Precise vs. None

ns

p < .001 (McNemar)

Precise vs. Poor

ns

ns

Precise vs. Perseverative

ns

p < .001 (exact binomial)

Perseverative vs. None

ns

p < .001 (exact binomial)

Perseverative vs. Poor

p < .05 (McNemar)

ns

Poor vs. None

ns



Friedman tests
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Figure 1. Mean Irrelevant Score for each Condition at Age 2 and collapsed across Ages
3, 4, and 5 (Study 1). While older children had significantly lower Irrelevant Scores in the
Accidental Condition, 2-year-olds had approximately equal Irrelevant Scores across
conditions. Bars represent standard error.
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Figure 2. Percentage of 3-, 4-, and 5-year-old participants in each Imitation Category (see
Table 2) for the Intentional, Accidental & Silent Demonstration Conditions (Study 1).
Children were more likely to show Poor Imitation and less likely to show Precise
Imitation in the Accidental Condition than in the Intentional and Silent Demonstration
Conditions. See Table 4 for complete statistical results.

83

3

*
;-

"

2.5

><
III
:E

e'

"

c

2

i

.

~

• Trial 1
.Trial2

eu
0

u

III

....c

1.5

DTrial3

III

>
eu

...
~

C
III

eu

:E

0.5

o
Accidental

Intentional

Silent Demo

Control

Condition

Figure 3. Mean Irrelevant Score for each Trial within each Condition (Study 2).
Irrelevant Scores decreased in the Control Condition after Trial 1, but remained
consistent in the three conditions in which children observed a demonstration before
performing the task. Bars represent standard error.
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verbally aware of the goal during the procedure (Study 3) had higher Irrelevant Scores
than children who were made verbally aware of the goal throughout the procedure (Study
1), but there was no difference in Relevant Scores between the groups.
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Known Group. See Table 7 for complete statistical results.
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APPENDIX I
Apparatuses with Irrelevant and Relevant Parts (Studies 1, 2, 3)

Tube Apparatus
Irrelevant Part: Bolt Lock
Relevant Part: Push Stick

Box Apparatus
Irrelevant Part: Hinged Metal Piece
Relevant Part: Sliding Box Floor

\

Sphere Apparatus
Irrelevant Part: Crank
Relevant Part: Door

Dome Apparatus
Irrelevant Part: Button
Relevant Part: Rotating Handle
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APPENDIX II
Apparatuses with 3-Step Manipulation Sequences (Study 4)

Red Lever Shuttle

Green Double-Decker Box

Purple Chute

Orange Percolator

Yellow Stair Step Tube

Brown Elevator
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