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Abstract 

Current theories regarding imitation tend to emphasize either its role as a mechanism for 

learning about objects without resorting to trial and error, or its role as a means by which we 

understand the mental states of others.  Few studies have attempted to reconcile these two 

approaches by systematically investigating what information children learn from imitating others.  

In this thesis, I examined the relative influence of both physical and social information on 

children’s imitation in an attempt to bridge these two approaches.  In Study 1, children used their 

causal knowledge to ignore a physically irrelevant action done by an adult demonstrator.  In 

Studies 2 and 3, children imitated the irrelevant action more often when information was 

provided that multiple individuals performed that action and when a single individual performed 

that action consistently.  These findings suggest the possibility that shared practices play an 

influential role in imitation, above and beyond learning about the physical functioning of an 

object. 
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Chapter 1 

Introduction 

  

1.1 Imitation for tool use 

   

 Social learning is a ubiquitous mechanism by which individuals can acquire knowledge 

without attempting any dangerous or costly behavior independently, and does not require built-in 

information in the form of instincts or genetic predispositions.  Knowledge acquisition through 

social learning, therefore, has important implications for cultural evolution; humans in particular 

acquire and modify shared information at a rapid pace, leading to changes in behavior within, 

rather than across, biological generations (Dawkins, 1976; Donald, 2005).  Of particular interest 

for the study of cultural transmission is the mechanism of imitation.  Social learning through 

imitation leads to the so-called “ratchet effect,” whereby new inventions in a behavior are 

accumulated through faithful replication (Tomasello, Kruger, & Ratner, 1993). 

 This classic theory regarding social learning through imitation holds that imitation allows 

individuals to learn about objects and processes without the use of trial and error (e.g. Tomasello, 

1999).  In an imitative task, children observe a demonstrator manipulate a novel object, which 

highlights the actions that are to be performed with that object.  In re-creating the actions, the 

child comes to learn how the object functions.  This theory fits well with the existence of a strong 

cultural tradition among humans, with nonhuman animals displaying fewer cultural traditions.  

Indeed, children’s strong imitative ability stands in stark contrast to that of other animals 

(Tomasello, 1990), allowing children to acquire knowledge regarding artifacts quickly.  For other 

species, learning how objects function is often characterized by a sequence of trial and error 
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attempts (Visalberghi & Trinca, 1989), or in the case of apes, some insight into object affordances 

(Tomasello & Call, 1997).   

 Experimental tasks with nonhuman primates reveal this difference.  For example, most 

nonhuman primates attempt to reproduce only the outcome of a demonstrated action, ignoring the 

means to the goal (Call, Carpenter, & Tomasello, 2005; Tennie, Call, & Tomasello, 2006; Want 

& Harris, 2002) or have their attention merely drawn to certain aspects of the stimulus (Caldwell 

& Whiten, 2004; Sherry & Galef, 1984), and only rarely imitate the particular actions that another 

individual used (Horner, Whiten, Flynn, & de Waal, 2006; Zentall & Sutton, 1996).  In 

comparison, children seem to reproduce all aspects of another’s actions, both the outcome 

achieved and the complex styles used (Bekkering, Wohlschlager, & Gattis, 2000; Carpenter, Call, 

& Tomasello, 2005; Gergely, Bekkering, & Kiraly, 2002; Meltzoff, 1988; Whiten, Custance, 

Gomez, Teixidor, & Bard, 1996; Whiten, Flynn, Brown, & Lee, 2006).  As a result, children learn 

to reproduce long chains of actions, allowing them to quickly acquire knowledge about how 

complex tools and artifacts work (Whiten, 2002).  In contrast, tool use in wild chimpanzees 

develops slowly in juveniles and in general, is slow to spread through the group (Lonsdorf, 

Eberly, & Pusey, 2004; Tomasello, Davis-Dasilva, Camak, & Bard, 1987).  Human children are 

therefore hypothesized to have a particularly sensitive tendency to reproduce all object-directed 

behaviors they witness in order to allow for (or that results in) the faithful accumulation of artifact 

and tool-use knowledge. 

 Children do have a natural tendency to imitate from very early on in life.  Imitation with 

objects is seen early in development – infants as young as 7 months old imitate an adult’s actions 

on objects.  Hamlin and colleagues found that 7-month-old infants will imitate another 

individual’s choice of an object (Hamlin, Hallinan, & Woodward, 2008), and Jones (2007) found 

that infants as young as 8 months reproduce single gestures and actions directed towards objects.  
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By the time they are 9 months, infants can reproduce a variety of simple actions on toys, even 

following a 24 hour delay (Meltzoff, 1988). 

 This ability seems to be supported by a sensitivity to pedagogical cues, such as eye contact, 

hearing one’s name and infant-directed speech (Gergely & Csibra, 2005).  When such cues are 

removed, infants show a markedly different interpretation of others’ behavior towards objects.  

For example, Gergely, Bekkering and Kiraly (2002) found that 14-month-old infants imitated an 

unusual head action to turn on a light following a pedagogical demonstration.  In a follow-up 

study, some infants only observed this unusual action “incidentally” -- that is, no pedagogical 

cues were used.  In this case, imitation of the head action dropped significantly; children tended 

to use the more rational action of using their hands to turn on the light (Kiraly, Csibra, & Gergely, 

2004).   So far, it is unclear whether this sensitivity to pedagogical cues is specific to young 

children (Kupan, Topal, & Gergely, 2008), but it nonetheless demonstrates that children are 

especially designed to learn about objects through observing and imitating others and further, that 

certain behaviors of actors can engage this imitative system. 

 Of course, not all actions performed on objects are meaningful.  Even knowledgeable 

individuals make mistakes (which should be ignored), or unsuccessfully attempt behaviors with 

objects (the goal of which might still be important to reproduce).  Following the classic theory of 

imitation, infants and children should be sensitive to the intentions that underlie actions done by 

an expert, as only these actions will lead to new knowledge about object use.  Carpenter, Akhtar 

and Tomasello (1998) found that 14- to 18-month-old children selectively imitated those actions 

done intentionally by a demonstrator, and excluded those done accidentally.  Further, children 

will selectively imitate only those intentional actions that come from a knowledgeable, rather than 

an ignorant or unsure, demonstrator (Birch, 2006).  Moreover, children reproduce the intention of 

another’s action, even if they witness a failed attempt to achieve that goal (Hamlin, Hallinan, & 
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Woodward, 2008; Legerstee & Markova, 2008; Meltzoff, 1995).  Children are also sensitive to 

the goal hierarchy embedded within actions (Carpenter, Call, & Tomasello, 2002); they use 

contextual cues to identify the overall goals of another and selectively imitate that goal.  

Carpenter, Call and Tomasello (2005) presented 12- and 18-month-old infants with a simple 

scenario: they demonstrated putting a mouse into a house.  Children copied this goal – ignoring 

the idiosyncratic style (e.g. hopping) with which the demonstrator achieved the goal.  However, 

when the demonstrator showed the mouse hopping without the end goal of going into a house, 

children copied the hopping style of the mouse instead, believing it to be the goal of the action.  

In these cases, children are able to imitate the specific gestural style of an action when it is 

highlighted by the context to be integral to the goal (Bekkering, Wohlschlager, & Gattis, 2000; 

Gergely, Bekkering, & Kiraly, 2002).  

 Children are not only excellent at imitating acts that are highlighted as intentional, they are 

sometimes overly faithful when doing so, even when reproduction of the demonstrated actions is 

detrimental to the efficiency of completing the task (Gergely, Bekkering, & Kiraly, 2002; Horner 

& Whiten, 2005).  In a particularly dramatic example, Lyons, Young and Keil (2007) showed 3- 

to 5-year-old children an adult retrieving a toy out of various containers, but each time he did so, 

the adult would add unnecessary steps (such as tapping a jar with a feather before unscrewing the 

top).  Even following extensive training in which the children successfully identified the 

unnecessary steps, the children continued to include all of these actions when retrieving the toy 

themselves.  This occurred despite the fact that the demonstrator was not present when the 

children attempted the task, when they were instructed not to include any unnecessary actions and 

even when they were instructed to retrieve the toy as quickly as possible.   

 Horner and Whiten (2005) found similar results at the same age.  Children watched as a 

demonstrator retrieved a sticker out of a box using a short dowel inserted into a hole.  To do so, 
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the demonstrator included several specific actions (such as twisting or pulling a bolt out of place 

to reveal the hole) as well as unnecessary actions (such as inserting the dowel into a hole in the 

box only to hit a barrier).  Children imitated most of the specific and unnecessary actions, most 

notably the irrelevant insertion.  They did this both with a transparent box for which the children 

could see the dowel hit the barrier and with an opaque box for which they could not see the 

irrelevancy of the action.  The authors concluded that the children were not using causal 

reasoning when imitating (since otherwise they would have left out the irrelevant insertion in the 

transparent box).  Instead they suggested that children overimitated all intentional actions as a 

default strategy when learning from others (Whiten, Horner, & Marshall-Pescini, 2005). 

 Overimitation is a key factor in the traditional imitation theory.  Imitation plays a crucial 

role specifically for situations in which the causal mechanisms in tools and artifacts are unknown 

to the observer.  Reproducing all the actions of another is vital to gaining knowledge of a tool that 

an individual could not have achieved through their own exploration.  One possibility is that the 

children in Horner and Whiten (2005) overimitated in both the opaque and the transparent 

conditions because they were unclear about the causal mechanism involved in retrieving the 

prize.  Indeed, there is other evidence that children overimitate more in situations that are 

cognitively complex.  Harnick (1978) found that the more difficult a task became, the more likely 

14- to 28-month-old children were to include extraneous actions within the task.  An 

experimenter added both motor and vocal actions to a task of dropping a ball into a maze.  Only 

when access to the maze required more steps (e.g., undoing a latch covering the hole in order to 

deposit the ball) did infants choose to include the extra motor and vocal actions.  Perhaps infants 

in Harnick (1978) were unsure of the steps that were causal, and therefore included all the 

observed actions in order to complete the task correctly. 
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 Social learning also seems to have a persistent effect on how individuals reason about 

object affordances.  Once children have learned a certain way to use an object, they seem unable 

to think of that object’s affordances flexibly.  In particular, older children display such 

“functional fixedness” once they have been taught a particular use for a tool (German & Defeyter, 

2000).  Casler and Kelemen (2005) found that once 2.5-year-old children were shown a tool used 

in a certain way, they avoided using that object in any other way.  They continued to use that tool 

when doing so required more effort than switching to another tool, and they reported that other 

people would use the same tool for that function.  Indeed, functional fixedness carries over even 

to adults – when tools were presented in the conventional way they are used, adults found it 

difficult to use those objects in unconventional ways to solve a task (Duncker, 1945).  This 

appears to be more evidence that social learning in children may be geared toward the benefits of 

the “ratchet effect” – once an individual has acquired new behavior about an object from others, it 

is not easily lost. 

 

 

1.2 Imitation’s social function 

 

 Concurrently, another theory regarding imitation has gained attention, a theory that 

proposes imitation as a mechanism for social cohesion and understanding.  This theory posits that 

infants use the general learning mechanism of imitation to map their own internal mental states to 

those of others (Gallese, 2005; Goldman, 2005; Meltzoff, 2005)  Through simulating the actions 

of others, infants come to understand and predict others’ mental states.  Imitation by this account 

plays a social role; children both imitate and are aware of being imitated and potentially use this 
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as a mechanism for identifying others that are like them (Meltzoff, 2005).  Under this framework, 

the function of imitation is turned on its head -- rather than imitating intentional actions to 

understand the physical world, children imitate actions in order to understand the intentions of 

those in their social world. 

 Meltzoff and Moore (1977) proposed that humans have a system for active intermodal 

mapping between one’s own actions and actions observed in others.  By linking an action’s 

proprioceptive feedback with the perception of others’ movement, infants possess a supramodal 

framework for decoding actions in others.  Meltzoff (2005) proposes that imitation is the driving 

mechanism in this mapping process and begins very early in development.  Imitation of facial 

features has been observed in infants only minutes old, and this reproduction of particular facial 

configurations persists even after the model’s face has returned to neutral, suggesting an early 

memory of other’s behavior (Meltzoff & Moore, 1977).  With this account, Meltzoff provides an 

argument for the simulation theory of understanding others; that is, that infants learn about mental 

states and behavior through linking that behavior to their own mental states.  For simulation 

theorists, imitation is a key mechanism that would allow mapping between an infant’s own 

internal understanding to that of others in their social world.  Indeed, Meltzoff (2005) suggests 

that this understanding has cascading effects in development, such that matching actions between 

individuals allows infants even at the very beginning to distinguish between people and inanimate 

objects. 

 Supporting the emphasis on imitation as a tool for social cognition, rather than a by-

product of it, is the discovery of “mirror neurons” (Rizzolatti, 2005).  Mirror neurons have been 

found to fire both when a motor plan is executed by an individual as well as when the individual 

observes the same actions in another.  Mirror neurons may offer a possible solution to the 

correspondence problem of imitation, that is, how a third-person observed action pattern can be 
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translated into a first-person executed action pattern (Hurley & Chater, 2005).  It has been 

suggested that mirror neurons provide the common language that enables an individual to map 

their own goal-directed actions onto others and vice versa (Rizzolatti, 2005).  Some even extend 

this idea to suggest that this mirror system allows for social resonance, underlying social 

mechanisms like empathy (Gallese, 2005).  Although this type of simulation mechanism had been 

proposed earlier (Meltzoff & Brooks, 2001), the discovery of mirror neurons has offered a 

neurological substrate for this explanation of imitation. 

 Other evidence that imitation may play a role in social facilitation, rather than object 

learning, comes from imitation recognition.  Infants not only imitate others, but they are also 

aware of when others are imitating them (Meltzoff, 2005).  Infants smile at and prefer to watch an 

adult who is directly imitating them more than an adult who does nothing or who does similar, 

but mismatched actions (Meltzoff, 1990).  This effect remains even when the imitating adult’s 

and the mismatched adult’s actions were temporally matched to each other, both contingent on 

the infant’s behavior.  In addition, infants appear to “test” for imitation by trying new behaviors 

and watching an adult’s response (Meltzoff, 1990, 2005).  Infants are sensitive to this type of 

turn-taking imitation and this has been suggested to be an early form of proto-conversation 

(Striano, 2001). 

 The adult literature on imitation tells a similar story.  Adults unconsciously mimic others, 

both by outwardly recognizable means (like yawning) or more subtle ways, like body postures.  

Adults who have been imitated by a social partner report a positive attitude toward that partner 

(Chartrand & Bargh, 1999; LaFrance, 1979) and report those interactions as having processed 

more smoothly (Chartrand & Bargh, 1999).  This link between imitation and affiliation seems to 

be bidirectional.  Lakin and Chartrand (2003) found that adults who had been primed with 

affiliation words later imitated a confederate in a subsequent interaction.  This recognition of 
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imitation early in life and its effects of social cohesion provide support for a “social glue” 

function of imitation (Dijksterhuis, 2005). 

 

1.3 Bridging the approaches 

 

 It is unclear how to reconcile these two approaches to the study of imitation.  Did selection 

pressures favoring hyper-social sensitivity to tool use bleed over into mimicking others in the 

absence of objects?  Did the mechanism for understanding others’ behavior through simulation 

extend to overt reproduction of actions on objects?  Few attempts have been made to align both 

views into a single evolutionary or developmental story.  It is, of course, possible that there are 

two separate, but related psychological mechanisms.  Intriguingly, neurological evidence suggests 

there are two distinct substrates for encoding information that may be gained from imitation.  In 

addition to the mirror neuron system, there are also canonical neurons, which respond to objects 

rather than actions.  These canonical neurons fire at objects that are congruent with a particular 

type of action, such as a pincer grasp, even in the absence of that action (Murata et al., 1997).  

These neurons are also found in the premotor cortex, suggesting a close relationship with action 

planning or understanding.  

 In this sense, there may be distinct neuronal substrates that code for the two aspects of 

action-object decoding – both recognition of the goal-directed nature of an action, and the 

affordances that inform that action.  It is unknown, however, what the causal connection between 

the two information processing streams is and to what extent imitation is a key mechanism 

underlying each stream.  One possibility, consistent with the classic theory of imitation, is that 

mirror neuron firing feeds into the canonical neuron system, allowing information regarding an 
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object’s affordances to be built from observing and reproducing the actions of others.  An 

alternative possibility is that knowledge of object affordances modulates the mirror neuron 

system, allowing it to “recognize” intentional actions based on an understanding about what can 

(and cannot) be done with objects.  

 On a behavioral level, one important aspect of imitation that would contribute to this 

theoretical issue has received very little attention – the influence of cultural or conventional 

sources on children’s imitation on objects.  This provides a unique case for imitation research, 

because conventional rules not only involve intentional actions and causal knowledge, but also 

often entail physically arbitrary group decisions on how something is done.  This is an especially 

interesting intersection, straddling the two lines of imitation research.  For example, some group 

actions may have no particular function other than one of social cohesion and therefore provide 

little in the way of information about physical properties in the world.  It is unclear how such 

actions would be interpreted by children and to what extent their physical reasoning about 

causality and affordances would play a role in their imitative decisions. 

 There is some evidence from research with nonhuman primates that group conventions 

may influence the use of objects over and above the affordances inherent in the task.  Whiten, 

Horner and deWaal (2005) presented two chimpanzees with a food retrieval task for which two 

equally efficient methods were available.  The first method involved lifting a lever to unlock the 

food reward, the other required poking the lever.  The experimenters taught one method to a 

dominant female chimpanzee from one social group and the other method to a second 

chimpanzee from another social group.  They then released each chimpanzee into their separate 

social groups and measured the spread of the use of the food box.  Intriguingly, they found that 

not only did use of the food box spread to other members of the group, but the individuals in each 

group converged on the method used by the original individual.  In fact, use of this method 



 

  11 

persisted despite the fact that several members in both groups spontaneously discovered the 

method used by the opposing group.  Those individuals reverted back to the method used in their 

own social group, even though both methods were equally afforded. 

 This is surprising given that there is very little evidence that non-human primates are 

themselves good imitators (Tomasello & Call, 1997).  Yet, they seem to be influenced by 

otherwise arbitrary behavior performed by their social group (Whiten et al., 1999).  One 

experimental paper has investigated the social transmission chain of behaviors in children (as 

well as in chimpanzees) (Horner, Whiten, Flynn, & de Waal, 2006).  It found that children, like 

the chimpanzees, socially transmitted particular means based on group convention, rather than 

individual exploration.  Only recently has the effect of socially-mediated rules on children’s 

behavior started to be systematically investigated (e,g, Rakoczy, 2007) and the data from these 

studies, and from the chimpanzees, are suggestive that children may be highly influenced by 

group decisions, especially given that they are already master imitators from birth.   

 In the following thesis, I make the first attempts to investigate the effects of 

conventionality or group inclination on children’s imitation.  I use an overimitation paradigm in 

which one of the actions is causally irrelevant to the outcome of the task and ask whether multiple 

social sources influence children’s imitation of the unnecessary action.  That is, are children 

biased to reproduce non-causal acts on objects if they have evidence that those acts are shared 

across individuals?  Findings in this area would start to shed light onto the function imitation 

plays, both in development and in adult cognition.  If cues to conventionality play a role in how 

children decide to imitate, this would suggest that social sources in some cases might override 

individual reasoning.  In the case of overimitation, consensus information might lead a child to 

perform actions that are not limited to the simple affordances in a task.  Such evidence would be a 

necessary further step in understanding what children are gaining from imitation and what role 
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social influence, as well as individual causal reasoning, plays in children’s understanding of the 

world. 

 

 

1.4 The present studies 

 

 It remains unclear how young children integrate their causal knowledge with social 

information when deciding how to imitate others, and in which situations they do so.  In this 

thesis, I present three studies investigating the extent to which young children use causal and 

social reasoning in a simple imitation paradigm.  In each of the studies, I use the measure of 

overimitation, following the design of Horner and Whiten (2005).  2-year-old children saw a 

demonstrator use two actions (one necessary, one not) to “fish” a prize out of a box.  To 

investigate the effect of causal knowledge on imitation, I presented children with two different 

boxes; one box was opaque and the other box clear.  Actions on the clear box were easily 

identifiable as necessary or unnecessary to the task, while such a distinction was difficult with the 

opaque box.   

 The first study investigates the extent to which children will imitate when they have access 

to the causal nature of others’ actions.  Children witnessed a demonstrator perform both the 

unnecessary action and the necessary action to retrieve a sticker from each box.  As a replication 

of Horner and Whiten (2005), I hypothesize that even though children at this age have 

sophisticated causal understanding, they will ignore the physical constraints of the situation and 

will imitate all the actions (both necessary and unnecessary) of a demonstrator.  An alternative 

outcome is that because the children in the current studies are younger than previously tested, 
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they will ignore the social information contained in the demonstration and reproduce only the 

necessary action, revealing an adult-like causal understanding of the box structure. 

 If younger children do demonstrate a strong understanding of how the box works and only 

reproduce the relevant action in retrieving the prize, how do we explain previous findings that 

older children (3 to 5 years of age) include irrelevant or inefficient actions when choosing to 

imitate others?  I suggest that older children are sensitive to the social information conveyed 

during imitative games. To test this hypothesis, I present a second study manipulating the social 

information conveyed through the demonstrations.  Children watched as two different actors both 

demonstrated the unnecessary and the necessary action on each box.  In this situation, I expect 

children to classify both actions as important due to the consensus regarding its inclusion, and 

therefore, should imitate both actions.  

 It is possible however, that children imitate more frequently when they have witnessed 

multiple demonstrations, regardless of consensus information.  In my third study, I present both a 

replication of my second study, and add a control.  In this case, children are presented with two 

conditions: one with two demonstrators, as in Study 2, and one with only a single demonstrator.  

In this latter condition, the single demonstrator performed the set of actions twice, thereby 

controlling for the number of demonstrations across all participants.  If the rate of children’s 

imitation is linked to the number of demonstrations they receive, children should imitate equally 

in these two conditions.  On the other hand, if children are sensitive to multiple sources of 

information when imitating others, I hypothesize that only the children who view two 

demonstrators will overimitate.  This latter result would suggest that already by 2.5 years of age, 

children are sensitive to which actions are generalized across individuals and use this information 

in conjunction with their physical understanding of the world when imitating others. 
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Chapter 2 

General Methods 

 

2.1 Participants 

 

 All participants in the following studies were 2 years old, with an age range from 2 years 

5 months to 3 years of age.  We recruited participants and their families from the local Kingston 

area through birth announcements, community events, and internet advertising.  All families were 

entered into and contacted through the Infant and Child Development Group database.  The 

ethnic makeup of the local population is primarily white Caucasian.  All families were 

compensated with a small gift for participating. 

 

2.2 General experimental setup 

 

 Testing occurred in a small room with the experimental apparatus set up on the floor at 

child height.  All behavior was recorded by a Panasonic miniDV camcorder set at the same height 

in the corner of the room.  The primary experimenter sat at a table in another corner, from which 

she loaded the apparatus and interacted with the participant and the actors.    

Apparatus:  The experimenter presented participants with two boxes, each measuring 

31cm by 31cm by 31cm (see Figure 1). Both boxes were made from Plexiglas: one opaque, the 

other transparent.  Both boxes were identical in structure.  Each was divided into two sections; 

both sections had one opening into which a demonstrator could insert a short dowel rod 
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measuring 20 cm.  A 19 cm tube was attached to the inside of the box at one of the openings, 

allowing for a small prize (a sticker) to be inserted into the end of the tube.  Each box contained 

only one tube, in only one of the sections.  The dowel rod and stickers had Velcro ends to aid 

retrieval out of the tube.   

 

               

Figure 1: a) Opaque box and b) transparent box. 

 

Procedure:  The experimenter encouraged the participant to look all around the box, by 

tapping on each side while saying, “Did you see this side?”  This insured that participants had 

inspected the box before starting.  Following this orientation, the experimenter handed the subject 

the dowel, asking, “Can I give you this?  What do you think you do with that?”  Participants were 

given a minute to interact with the box; however, most participants retrieved the sticker before the 

end of the minute.  This was designated the “baseline trial”.  When subjects retrieved the sticker 

from the box, they were instructed to leave the room to put the sticker onto a sticker page.  While 
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the subject was out of the room, the experimenter placed another sticker in the box for the next 

trial.  This occurred after every trial. 

 After the baseline trial, the experimenter took back the dowel rod, saying, “I have an idea.  

Why don’t we let [Actor 1 in Study 1; and Actor 2 in Studies 2-3] try?”  I handed the Actor the 

dowel rod as she entered the room, and instructed the subject to stand on the far side of the box. 

 At this point, the actor inserted the dowel into the section of the box without the tube, 

hitting the false barrier three times (the unnecessary action).  She then pulled the dowel out, and 

then inserted it into the other hole, pushing all the way along the tube (the necessary action).  

Upon withdrawing the dowel back out of the box, she saw the sticker at the end of the rod and 

exclaimed, “I got a sticker!” 

a) 

 

              b)  

Figure 2: Demonstration of the a) irrelevant and b) relevant actions.  

 

 

 Following baseline trial and demonstration(s), the experimenter invited subjects to attempt 

the task again.  Each subject received three opportunities to retrieve a sticker, each time exiting to 
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the reception room to place their sticker on the sticker page while the experimenter replenished 

the box with a new sticker.   

 After three test trials, the experimenter replaced the initial box with the alternate box (box 

order was counterbalanced between subjects).  The experimenter then repeated the entire 

procedure as described.  After the three test trials with the second box, the experimenter informed 

the subject that they successfully got all the stickers and that the game was now complete.  Each 

subject therefore received two blocks of testing, one with each type of box.  A block was defined 

as one baseline trial, the demonstration(s) and three test trials. 

 Coding:  All test sessions were recorded onto both VHS tapes and digital tapes or digital 

capture on a Dell Precision Workstation 490.  Coders, blind to the hypotheses of the study, coded 

the subjects’ behavior from the captured files or from the digital clips transferred to a computer 

and played through QuickTime Player.  Coders noted if subjects included the irrelevant action 

during baseline trials and test trials, as defined as inserting any part of the dowel into the hole 

opening to the false divider.  Additionally, coders noted whether subjects retrieved the sticker 

during either baseline trial.  Two coders made these judgments for most subjects, enabling the 

calculation of inter-coder reliability.  Coders also made note of any protestation that participants 

made during the demonstrations, including non-verbal gestures such as pointing to the top hole 

when the demonstrator inserted the dowel into the side hole. 
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Chapter 3 

Study 1 

 

3.1 Introduction 

 

 There have been several claims that children imitate all actions done intentionally by an 

adult demonstrator, including actions that are unnecessary or irrelevant.  In this initial study, I set 

out to replicate this finding with younger children in a simplified paradigm and investigate the 

extent to which these children use causal reasoning in their imitation.  If children gain causal 

understanding about objects through imitating others, even young children should imitate all 

intentional actions, even when an adult might judge some of those actions as unnecessary.  Pilot 

data suggested some curious trends.  In the pilot study, the apparatus was slightly different (as 

compared to the description in Chapter 2) to closely match that of Horner and Whiten (2005); the 

boxes were rotated such that insertion of the dowel into the top hole constituted the irrelevant 

action, and the side hole insertion retrieved the sticker.  In baseline trials, almost every participant 

engaged in the irrelevant action prior to a demonstration (11 out of 16 participants).  In addition, I 

found high levels of imitation across both boxes for female, but not male, participants (67% 

versus 12.5%, respectively). 

 The automatic inclusion of the irrelevant action in baseline trials in my pilot data suggested 

that this alone could be driving the effect in Horner and Whiten (2005); carrying out this action 

(i.e., putting the dowel in the top of the box) in and of itself may be desirable for young children.  

In order to get a more sensitive measure of children’s overimitation, the boxes were rotated to the 

orientation described in Chapter 2, such that the irrelevant action now occurred at the side of the 
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box, rather than the top.  In this case, children have to insert the dowel into the side of the box, an 

action that children may be less inclined to do spontaneously.  Critically, this allows for an 

investigation of how children imitate when they already have experience with the effectiveness of 

actions on their own, given that children would likely spontaneously initiate action at the top of 

the box during the baseline.  Additionally, aware of a possible sex difference in our results, the 

sex of the participants was also fully counterbalanced. 

 

3.2 Methods 

 

 Participants.  Sixteen children participated in Study 1 (mean age: 2 years, 8 months, 2 

days; range:  2 years, 5 months and 18 days to 2 years, 11 months and 18 days).  One additional 

child was excluded from the final sample due to disinterest.  Eight boys (mean age: 2 years, 7 

months, 18 days) and 8 girls (mean age = 2 years, 8 months, 13 days) participated. 

 Procedure.  Children received one baseline trial and one demonstration for each box.  A 

female experimenter (Actor 1) always demonstrated the irrelevant action first, then the relevant 

one.  Children then had three trials for each box to get the sticker.  Box order was 

counterbalanced; half of the subjects received the opaque box and then the transparent box, and 

half received the reverse order. Coding was carried out as described in Chapter 2. 

 Coding.   Each subject received two scores for imitation, one corresponding to each 

block, consisting of the proportion of trials in which the subject imitated the irrelevant action.  

Additionally, each subject had two baseline scores, one for each block.  If subjects included the 

irrelevant action in baseline trials, they had a baseline score of 1; otherwise they scored a 0.  A 

second coder coded 50% of subjects; there was perfect agreement between coders. 
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3.3 Results 

 

 A mixed model ANOVA with sex and box-order as between-subjects variables and box-

type as a within-subjects variable revealed no main effects or interactions (see Table 1 and 2 in 

Appendix).  Additionally, there was no effect when age was added as a covariate.  Unlike in the 

pilot data, I did not find any evidence that girls were more likely to overimitate than boys.   

 Inclusion of the irrelevant action in baseline trials was rare (only 3 out of 16 participants, 

18.75%, included it in baseline, first block only).  In test, I found an extremely low rate of 

overimitation - it occurred in only 7.3% of trials (only 5 out of 16 participants ever included the 

irrelevant action in a test trial).  Only one child of the five had included the irrelevant action in 

baseline.  This suggests that participants did not assume the irrelevant action was causally 

necessary even in the opaque box, where they did not have visual access to the mechanism of 

sticker retrieval.  Additionally, there were no effects of learning; children were not more or less 

likely to imitate in the second block than the first block (t(15) = 0.44, p = 0.67) and there was no 

change across individual trials for either the opaque or transparent box. 
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 Figure 3: Overimitation in Study 1 by box type.  Error bars represent standard error. 

 

 Many of the participants gestured during the demonstrations - 8 out of the 16 participants 

pointed at least once to the top hole where the sticker was during the demonstration.  This may be 

an indication that children considered that the demonstrator was ignorant of how the box worked. 

 

3.4 Discussion 

 

 Unlike previous work investigating imitation in young children, the present study did not 

find that 2-year-old children imitated irrelevant actions.  This suggests that at 2 years of age, 

children can identify unnecessary actions, and selectively exclude them when following an 
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adult’s actions.  This is somewhat surprising, given both the findings of, and the theoretical 

reasoning behind, the overimitation work of Horner and Whiten (2005) as well as Lyons et al. 

(2007).   

 There are, of course, aspects of the present design that might plausibly account for the 

difference in results.  The first is that the task presented here is more simple than that presented in 

either Horner and Whiten (2005) or Lyons et al. (2007).  This may have contributed to the 

transparency of the game, making the extraneous nature of the first action particularly apparent to 

children, even in the case of the opaque box.  Additionally, there is some evidence that children 

are more likely to imitate unnecessary actions as the task difficulty increases (Harnick, 1978).  

However, this explanation is unconvincing, given that Horner and Whiten (2005) reject this 

possibility in regards to their own finding.  They report pilot data in which they made the task 

simpler (by removing the defences of the box, making it comparable to the apparatus in the 

present study) and found that children continued to include the irrelevant action. 

 A second difference is that the children in this study were younger than those tested in 

previous work.  Neither of the previous key studies found an effect of age on overimitation, 

although neither tested children younger than 3 years old.  Additionally, I found no effect of age 

in the current study, suggesting that the older children in the current sample did not overimitate at 

a different rate than the younger children. 

 Previous designs have also included multiple demonstrations on the same object, or if not, 

multiple demonstrated exemplars of actions on different objects.  It is possible that only one 

demonstration per box was not enough for children to attend to the irrelevant action.  Children 

may require multiple demonstrations for an unnecessary action to seem relevant for imitation (see 

General Discussion).  However, again, pilot data from the Horner and Whiten (2005) task using 

only a single demonstration also resulted in high levels of overimitation (A. Whiten, personal 
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communication, April 2006).  Studies 2 and 3 further address this issue by including more than 

one demonstration for each participant. 

 A final difference, and potentially the most likely to be driving the current results, is the 

inclusion of a baseline trial for all participants.  Other designs have included baseline measures as 

a between–subjects condition, if measured at all (Lyons, Young, & Keil, 2007).  The current 

results are particularly revealing when compared to those of Horner and Whiten (2005), who 

found high levels of overimitation when the irrelevant action was a dowel insertion into the top 

hole in the box.  When we rotated the box so that the irrelevant action was to the side, we found 

little inclusion of the irrelevant action in either baseline or test trials.  This calls into question the 

validity of the findings in Horner and Whiten (2005), given that they had no measure of 

children’s baseline responses; it is possible that children spontaneously include actions directed to 

the top of the box, regardless of the actions of the demonstrator.  Having all participants receive a 

baseline trial in the current study provided a more sensitive measure to initial interactions with 

the apparatus; however, in this case, it may have provided the children with experience that made 

the adult demonstration redundant.  This may explain the very low levels of overimitation in the 

current study.  None of the studies reported here directly address the effect of experience on rates 

of overimitation, but future studies should examine this issue. 

 Given that the participants in this study seemed aware of the causal constraints of the box 

design, I hypothesized that the older children in previous studies (and indeed perhaps the female 

participants in the pilot study) may have been attentive to the social cues inherent in the 

demonstration.  In this case, children may not be imitating how the object “works”, but rather 

how “everybody uses it”.  That is to say, children may reason that they must reproduce actions 

that a group of individuals carries out on a particular object, regardless of how the child herself 

understood the object to work initially.  Study 2 was designed to test this hypothesis.   
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Chapter 4 

Study 2 

4.1 Introduction 

 

 It remains unclear what distinguishes the situations in which children faithfully reproduce 

every action performed by another and the situations in which they ignore some, or all, of a 

demonstrated act.  It seems that we can no longer claim that children of all ages will imitate any 

action done intentionally by an adult.   Indeed, it may be especially appropriate for young 

children to ignore unnecessary actions when the causal mechanisms of a novel object are already 

transparent to them, as seems to be the case in the current task. 

 The finding that children do overimitate in some situations still stands, however, and 

requires an explanation that goes beyond just “blind” copying.  In this next study, I hypothesized 

that children may be sensitive to social consensus information when deciding which actions to 

imitate.  If children are not easily swayed into thinking that physically unnecessary actions are 

important from witnessing the actions of a single adult, perhaps they do not consider that 

individual alone as an authority on what to do.      

 To test this idea, I modified the task so that children would gain consensus information 

about the inclusion of the irrelevant action.  Instead of seeing a single individual demonstrate, 

children in this study witnessed two distinct individuals, both of whom carried out the irrelevant 

action before retrieving the sticker.  If children overimitate in situations where they reason that 

this is the way “everybody does it”, children in this task should imitate the irrelevant actions at a 

higher rate than those children in Study 1. 
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4.2 Methods 

 

 Participants.  Sixteen children participated in Study 2 (mean age = 2 years, 8 months, 27 

days; range:  2 years, 6 months and 3 days to 3 years, 1 month and 23 days).  One additional child 

was excluded from the final sample due to incorrect counterbalancing.  Eight boys (mean age = 2 

years, 9 months, 22 days) and 8 girls (mean age = 2 years, 8 months, 2 days) participated. 

 Procedure.  Children received one baseline trial and two demonstrations for each box.  

Two different demonstrators (Actors 1 and 2) performed one set of actions on each box, with the 

second demonstration immediately following the first.  That is, every child saw both actors act on 

both boxes.  The actors differed by ethnicity; one was a brown-haired Caucasian female and the 

other a black-haired Asian female.  Children were familiarized to both actors while their parents 

or caregivers spoke with the experimenter and provided testing consent.  After the 

demonstrations, children were given three trials for each box to get the sticker.  Therefore, each 

child received a baseline trial, followed by two demonstrations and three test trials in the first 

block and this sequence was repeated for the alternate box in the second block.  Box order was 

counterbalanced; half of the subjects received the opaque box and then the transparent box and 

half received the reverse order. Coding was carried out as described in Chapter 2.  A second 

coder coded 50% of subjects; there was perfect agreement between coders. 

 

4.3 Results 

 

 Inclusion of the irrelevant action in baseline trials in this study continued to be low (only 1 

out of 16 participants, 6.25%, included it in baseline, first block only).   For test trials, a mixed 
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model ANOVA with sex, actor-order and box-order as between-subjects variables and box-type 

as a within-subjects variable, revealed no main effects or interactions (see Table 3 and 4 in 

Appendix).  The addition of age as a covariate found no effects.  As in Study 1, this suggests that 

participants did not reason differently about the opaque box in regards to the clear box, 

suggesting they imputed the same causal mechanisms for both. 

 There was an increased rate of overimitation as compared with Study 1; children included 

the irrelevant action in their imitation in 36.5% of trials (10 out of 16 participants, 62.5%, ever 

included the irrelevant action on at least one test trial).  This suggests that children sometimes 

imitated the irrelevant action after viewing the demonstrations.  There were no effects of learning; 

children were not more or less likely to imitate in the second block than the first block (t(15) = 

1.10, p = 0.29) and there was no change across individual trials for either the opaque or 

transparent box. 

 



 

  27 

 

Figure 4: Overimitation in Study 2 by box type.  Error bars represent standard error. 

 

 Fewer children protested the demonstrations compared with Study 1.  Only 4 out of 16 

children gestured during the demonstrations; three pointed to the top hole and one child corrected 

the demonstrator at one point, saying “No, put it there,” indicating the top hole.  This suggests 

that children may have found the demonstrators more knowledgeable in the current condition 

than when only a single demonstrator acted on the boxes. 

 

4.4 Discussion 

 

  In contrast to the previous study, I found that most 2-year-old children did overimitate an 

irrelevant action when they had witnessed two distinct individuals performing that action.  It is 
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important to note, however, that the frequency of overimitation in this study is still much lower 

than that previously reported in the literature (36.5% versus 76.5% in Horner and Whiten (2005)). 

 This finding lends some support to my hypothesis that children are sensitive to consensus 

information when choosing to imitate unnecessary actions.  As in the previous study, children 

were privy to the causal mechanisms of the boxes, both through visual exposure and personal 

experience, prior to the demonstrations.  Furthermore, the children in this study were not more 

likely than those in the previous study to include the irrelevant action in the initial baseline trial.  

It seems likely then that the children in the present study included the irrelevant action due to the 

consensus information provided by the multiple demonstrators.  Children in this case may be 

reasoning that the irrelevant action is, in fact, important, given that two different adults 

intentionally included it in their action sequence. 

 There is an alternative explanation for the current result.  It may be that children imitated 

the irrelevant action more in this study solely because they saw an additional demonstration.  On 

this account, children’s tendency to imitate unnecessary actions may be directly related to the 

number of times that such an action is shown to them.  This explanation seems likely, as multiple 

demonstrations may be seen as more pedagogical or intentional, two qualities that children are 

sensitive to when following an adult’s example (Gergely & Csibra, 2005).  I address this 

alternative in Study 3. 
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Chapter 5 

Study 3 

 

5.1 Introduction 

 

 My previous results suggest that children may take into account information from multiple 

sources when deciding to include otherwise unnecessary actions in an imitative paradigm.  It is 

possible, however, that children in these paradigms are sensitive to the number of demonstrations 

they receive, regardless of the source of that information.   

 Previous work on overimitation has commonly used multiple demonstrations.  Horner and 

Whiten (2005) report demonstrating up to 5 times per participant, while Lyons et al. (2007) 

provided up to 9 demonstrations (albeit different demonstrations each time) before the child 

participated.  It is possible that multiple demonstrations convey a sense of pedagogy in an 

imitative task.  Recent research suggests children are highly sensitive to pedagogical cues 

(Gergely & Csibra, 2005) and that young children regard certain actions as more important to 

reproduce if they have been highlighted with such cues (Southgate, Chevallier, & Csibra, 2008). 

 To control for this possibility, I replicated Study 2 with an additional condition.  Children 

in this condition saw only one demonstrator, but that demonstrator performed each set of actions 

twice.  If children increase their rate of overimitation based on how many demonstrations they 

witness, children in both conditions should overimitate at the same rate.  However, if children are 

taking into account only consensus information when deciding what actions to imitate, they 

should reproduce the irrelevant action more frequently when they have seen two individuals each 

demonstrate once, than when a single individual demonstrates the same actions twice.   
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5.2 Method 

 

 Participants.  Forty-eight children participated in Study 3 (mean age = 2 years, 8 months, 9 

days; range:  2 years, 5 months and 7 days to 2 years, 11 months and 28 days).  Three additional 

children were excluded from the final sample due to sibling interference (1), equipment failure 

(1) or counterbalancing error (1).  Twenty-four boys (mean age = 2 years, 8 months, 16 days) and 

24 girls (mean age = 2 years, 8 months, 2 days) participated. 

 Procedure.  Children participated in one of two conditions.  In the Double condition, 

participants saw Actors 1 and 2 perform the actions on each box.  As a replication of Study 2, the 

demonstrators differed by ethnicity; one was a brown-haired Caucasian female and the other a 

black-haired Asian female.  In the Single condition, participants only saw Actor 1 (either the 

Caucasian or the Asian female); however, she demonstrated twice for each box.  Actors were 

counterbalanced within the Single condition, and order of actor was counterbalanced within the 

Double condition.  As in Study 2, the order of the actors was reversed for the second box 

demonstration in the Double condition.  All children received one baseline trial and two 

demonstrations for each box.  After the demonstrations, children then had three trials for each box 

to get the sticker.  Box order was counterbalanced; half of the subjects received the opaque box 

and then the transparent box and half received the reverse order.  Coding was carried out as 

described in Chapter 2.  A second coder coded 50% of subjects; there was perfect agreement 

between coders. 
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5.3 Results 

 

 Inclusion of the irrelevant action in baseline trials in this study continued to be low (only 6 

out of 48 participants, 12.5%, included in it in baseline, first block only).  A mixed model 

ANOVA with condition, sex and box-order as between-subjects variables and box-type as a 

within-subjects variable revealed no main effects, but did reveal a potential box by condition 

interaction (F(1,40) = 3.658, p = 0.06).  Follow-up paired samples t tests revealed a possible 

difference between the opaque and transparent box in the Single condition only (t(23) = 1.792, p 

= 0.09), suggesting that children imitated more on the opaque box than the transparent box in that 

condition only.  A separate ANOVA with actor as a variable revealed no main effects or 

interactions. Additionally, there was no effect of age added as a covariate. 

 

 Figure 5: Overimitation in Study 3 by box type.  Error bars represent standard error. 
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 Overall, there was no difference in rates of imitation between conditions (Double: 36.8%, 

Single: 38.9%).  Thirty-six out of 48 (75%) children included the irrelevant action in at least one 

test trial (19 out of 24 in the Double condition, 17 out of 24 in the Single condition).  Only eight 

children imitated on every trial; 13 children imitated only once out of six trials (seven imitated on 

the transparent box, six on the opaque box).  Children were not more or less likely to imitate in 

the second block than the first block (t(47) = 0.70, p = 0.49). 

 Levels of protest remained low for these conditions.  Four out of 24 children in the Double 

condition and 5 out of 24 children in the Single condition gestured or corrected the demonstrators.  

These low levels suggest that children may have found repeated demonstrations more reliable 

than the single demonstrations in Study 1.   

  

 

5.4 Discussion 

 

  Here I replicated my findings with two actors from Study 2; however, I also found a 

reasonable level of overimitation following a repeated demonstration from a single actor.  In both 

conditions, when children saw the irrelevant action demonstrated twice, by either one or two 

actors, they reproduced it more often than in my previous study when they witnessed only a 

single demonstration.  This suggests that children’s tendency to overimitate unnecessary actions 

may be linked to the frequency with which they are shown it intentionally acted out.  

 This finding may be unsurprising in light of recent research concerning children’s 

sensitivity to pedagogical cues.  Gergely and Csibra (2005) suggest that from early on in infancy, 

children are particularly attuned to cues that communicate an instantiation of teaching, such as 
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eye contact, directional movements such as pointing, and the use of the child’s name.  Although 

the current studies attempted to minimize overt pedagogical cues, it is possible that repeated 

demonstrations are themselves a cue that children use to identify a pedagogical interaction.  This 

may be particularly true for the repeated single actor case – here the actor continues to 

intentionally include the irrelevant action and thereby rules out the possibility that she may have 

been mistaken on her first attempt.  Indeed, the level of protestation from children during the 

demonstrations was much lower for this study than in Study 1. 

 Although not significant, the finding that children overimitated more on the opaque than 

the transparent box in the Single condition is intriguing.  Higher levels of overimitation on the 

opaque box may suggest that children assumed the irrelevant action was causal, as the structure of 

the box was hidden.  This was not the case, however, in the Double condition; children 

overimitated equally on both boxes.  This suggests there may have be something about the 

repeated actions of a single demonstrator that led children to impute a causal relation between the 

irrelevant action and the sticker retrieval, which did not apply to repeated actions done by 

multiple individuals.  This is worthy of further investigation, as it implies that the information 

conveyed by repeated actions by a single individual may be different from that conveyed by 

consensus across individuals; the present study, however, cannot fully support this interpretation. 

 Overall, the current results suggest that younger children do not “blindly” copy all 

intentional actions, as the literature implies, but are sensitive to repeated demonstrations of 

actions, and are willing to reproduce some actions, even unnecessary ones, following these 

demonstrations.  This effect also may be stronger in older children, especially during the 

preschool years (Horner & Whiten, 2005; Lyons, Young, & Keil, 2007); however, more research 

is clearly necessary to illuminate the effects of multiple demonstrations in those previous studies. 
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Chapter 6 

General Discussion 

 

Previous research suggests that children are highly sensitive to intentional actions, so 

much so that they are liable to imitate such actions even when they are physically unnecessary to 

the task (Horner & Whiten, 2005; Lyons, Young, & Keil, 2007).  The studies presented here 

make the first steps towards investigating the underlying reasoning children use when deciding to 

overimitate these actions.  Specifically, this thesis investigated whether consensus information 

from multiple individuals would drive children to include an irrelevant action more often in a 

simple imitative paradigm.  These findings revealed that the children in the current task were less 

likely to imitate an unnecessary action than has been reported in previous research paradigms.  

Children were more likely to imitate following multiple demonstrations than a single 

demonstration; however, there was no difference in rates of overimitation following 

demonstrations done by a single individual and those done by multiple individuals.  This suggests 

that consensus information is not necessarily privileged when children are deciding which actions 

to reproduce.  Indeed, the findings presented in this thesis suggest that children may integrate a 

number of different cues, including the consistency of another’s actions and consensus 

information, as well as the causal knowledge of objects that children may already possess, when 

deciding to imitate an adult.  Each of these factors will be addressed in turn. 

 One interpretation of these results is that children’s imitation is a direct reflection of how 

often they see a particular action performed.  This is perhaps the most parsimonious explanation, 

suggesting that the more evidence children receive that a particular action is important, the more 

they are compelled to complete it (regardless of the source of that action).  This would explain the 

remarkably similar rates of imitation across both conditions in the last study.  It is not, however, 
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the only possible explanation.  Children’s imitation increased in response to both consensus and 

consistency information.  While this rules out the possibility that conventional information is the 

only consideration children use when imitating another’s unusual actions, it may be that 

consensus information is one of many cues children use to judge the importance of an action.  

Consistency may be another; by this I mean a cue that refers not only to how often a particular 

action is performed, but also that a certain individual repeats it several times in close succession.  

Given that children are sensitive to the intentions behind actions (Carpenter, Akhtar, & 

Tomasello, 1998; Meltzoff, 1995) and that they take into account the reliability of the 

demonstrator’s knowledge about an action (Birch, 2006), it is possible that consistency underlies 

the interpretation of both the intentionality and the reliability of an actor.  In controlling for the 

multiple demonstrations, Study 3 may have offered children another indication of the importance 

of the unnecessary action, one that goes beyond the total number of repetitions. 

 Some patterns from the results support this explanation.  For example, if children were 

responding solely to the number of demonstrations they witnessed, they should have produced 

similar responses across two different blocks of the studies reported here.  Recall that children in 

Study 1 witnessed two demonstrations from the same individual by the second block.  This 

should be comparable to the first block for children in the Single condition in Study 3, who also 

saw two demonstrations from a single individual.  However, the rate of imitation following one 

demonstrator’s repeated actions in Study 3 was much higher than that of the children who saw 

one demonstrator act once on each box in Study 1.  This is assuming, of course, that children 

viewed both boxes in Study 1 as being governed by the same mechanism; this seems a safe 

assumption to make, given the comparable rates of overimitation across boxes for any given 

individual in that study.  Moreover, all children in Study 3 had witnessed four demonstrations by 

the time they came to the second block.  The rate of overimitation in this block was no greater 
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than that from the first block.  It seems, therefore, that increased overimitation followed only 

multiple demonstrations done close together in time.  This lends support to the idea that 

consistency may be an important clue to the perceived importance of an action.  An interesting 

follow-up condition to test this alternative would be to see if children continue to overimitate an 

individual who repeats an unnecessary action, but does so sporadically.  If the consistency 

hypothesis is correct, children’s rate of overimitation following intermittent, but repeated 

demonstrations should remain low, as in Study 1.  The strength of consensus information could 

be examined in a similar way.  Even sporadic demonstrations by multiple individuals indicates 

consensus about the importance of an action.  Therefore, even intermittent demonstrations by 

multiple individuals should maintain the same level of overimitation as was found in Study 2 and 

3. 

 The current studies set out to test not only how children used social information, but also 

how they drew on physical reasoning, such as causality, when imitating with objects.  Overall, 

children imitated the unnecessary action at a low rate, suggesting that, for the most part, they did 

not see the action as causally necessary for retrieving the sticker.  Indeed, the majority of children 

used the most efficient method possible for getting the outcome they desired.  Only 11 children 

over all three studies imitated the irrelevant action on every trial, as would be expected if children 

believed they could not retrieve the sticker without such action.  It is still possible that the 

children did think the action was causally important on the trials in which they included it; 

however, this seems unlikely given the large number of participants who only included it 

occasionally.  Moreover, children did not overimitate more often with the opaque box, suggesting 

that children disregarded any possible causal link between the unnecessary action and retrieval of 

the sticker even when the interior structure of the box was hidden (though note discussion on 

page 39 of this thesis).  Indeed, this structure seems to trick chimpanzees into replicating the 
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unnecessary action in the opaque condition, but not in the transparent condition (Horner & 

Whiten, 2005).  Horner and Whiten (2005) argue that this suggests the chimpanzees see the 

irrelevant action as causal in the opaque box; indeed, if chimpanzees receive the transparent box 

first, they do not overimitate in the opaque box.  This is unlikely to be the case for the children, 

either in the current studies or in Horner and Whiten (2005), as their rates of overimitation remain 

constant across the boxes and regardless of order. 

Children in this paradigm may not have viewed this action as causally necessary because 

they had previous experience in their baseline trial that the sticker could be retrieved without the 

unnecessary action.  If imitation is driven by children’s need to learn about objects, then previous 

individual experience with an object would play a vital role in modulating rates of imitation.  This 

has not been explored exclusively in the literature; however, the findings from the current studies 

may shed some light onto this question.  For example, while children exhibited low rates of 

imitation following baseline experience, there was no relationship between what children did in 

baseline and their subsequent imitation.  Most of the children who imitated at high levels were the 

same individuals who retrieved the sticker in baseline without the unnecessary action. This 

suggests that children are using their causal reasoning, either through their experiences or through 

their general causal knowledge, when deciding how to imitate another. 

The low rate of overimitation in the current studies is unexpected given the previous 

literature (Gergely, Bekkering, & Kiraly, 2002; Horner & Whiten, 2005; Lyons, Young, & Keil, 

2007).  Children 3 years and older in similar tasks overimitate at near ceiling levels.  It is unclear, 

due to the differences in the current paradigm from previous tasks, whether the low rate of 

overimitation was due in any part to the participants’ younger age.  The current results do support 

the possibility that older children’s overimitation is not driven solely by misguided causal 

reasoning, since younger children do not seem fooled into believing the irrelevant action is 
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causal.  It seems likely that social cues are driving older children’s imitation, cues such as 

consistency and consensus.   

It is still an open question whether older children come to view actions that are done 

consistently, or by multiple individuals, as actions that are themselves physically causal and how 

children reconcile that causal reasoning with the knowledge about the physical world that they 

already possess.  This might happen in one of two possible ways.  One possibility is that children 

imitate actions that are done by consensus and only later come to think of them as causal once 

they reflect explicitly about the efficiency of such actions.  Another possibility is that children 

only imitate actions they view as causal; however, children use consensus across multiple 

individuals to identify reliable information about which of those actions are causal.  Either of 

these possibilities would suggest that children use imitation to learn more about their physical 

world and would be more evidence for the classic theory of imitation.   

 The findings from the present study are among the first attempts to understand the 

influence of social sources on object imitation beyond simple intention reading (see also Birch, 

2006; Horner, Whiten, Flynn, & de Waal, 2006).  Conventions are a particularly important social 

influence to understand, as these practices often go beyond the affordances inherent in objects 

and form the basis for the abundant cultural practices that are evident in every human society.  

Conventional sources, of course, contain two aspects of object information – the aggregated 

knowledge about what an object can do, as well as information about the shared practices that 

identify individuals as belonging to a particular group.  These two types of information bridge the 

two approaches to imitation research.  The findings presented here hint at the possibility that 

shared practices play an influential role in imitation, above and beyond learning about the 

physical functioning of a tool.  If children take into account not only what an object can do, but 

also how others use it, this would suggest that imitation goes beyond just the individual object 
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learning proposed by the classic theory.  More research is needed to investigate the extent to 

which children privilege social information over their own understanding of objects.  This, 

coupled with continued neurocognitive research concerning the mirror neuron and canonical 

neuron systems and their relationship, will shed some crucial light onto both the proximate and 

ultimate mechanisms of imitation. 
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Appendix A 

F Statistic Tables 

 

Effect Value F Hypothesis df Error df Sig 

BOX TYPE 0.117 1.588 1 12 0.232 

BOX TYPE* 
SEX 

0.014 0.176 1 12 0.682 

BOX TYPE* 
BOX 
ORDER 

0.014 0.176 1 12 0.682 

BOX TYPE * 
SEX * BOX 
ORDER 

0.014 0.176 1 12 0.682 

 

Table 1: Study 1 within-subjects effects. 

 

 

 

Source Type III Sum 

of Squares 

df Mean Square F Sig 

SEX 8.681 E-02 1 8.681 E-02 3 0.109 

BOX 

ORDER 

8.681 E-02 1 8.681 E-02 3 0.109 

SEX * BOX 

ORDER 

3.125 E-02 1 3.125 E-02 1.080 0.319 

Error 0.347 12 2.894 E-02   

 

Table 2: Study 1 between-subjects effects. 
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Source Type III Sum of 
Squares 

df Mean Square F Sig 

BOX TYPE 3.125 E-02 1 3.125 E-02 0.191 0.669 

BOX TYPE * SEX 8.681 E-02 1 8.681 E-02 0.532 0.480 

BOX * BOX ORDER 0.170 1 0.170 1.043 0.327 

BOX TYPE * SEX * 
BOX ORDER 

3.125 E-02 1 3.125 E-02 0.191 0.669 

Error (box type) 1.958 12 0.163   

 

Table 3: Study 2 within-subjects effects. 

 

 

 

Source Type III Sum of 

Squares 

df Mean Square F Sig 

SEX 0.420 1 0.420 1.482 0.247 

BOX ORDER 0.420 1 0.420 1.482 0.247 

SEX * BOX 

ORDER 

3.472 E-03 1 3.472 E-03 0.012 0.914 

Error 3.403 12 2.84   

 

Table 4: Study 2 between-subjects effects 
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Effect Value F Hypothesis df Error df Sig 

BOX TYPE 0.26 1.061 1 40 0.309 

BOX TYPE * BOX 
ORDER 

0.013 0.541 1 40 0.466 

BOX TYPE * SEX 0.42 1.753 1 40 0.193 

BOX TYPE * 
CONDITION 

0.084 3.658 1 40 0.063 

BOX TYPE * BOX 
ORDER * SEX 

0.005 0.195 1 40 0.661 

BOX TYPE * BOX 
ORDER * 
CONDITION 

0.026 1.061 1 40 0.309 

BOX TYPE * SEX 
*CONDITION 

0.026 1.061 1 40 0.309 

BOX TYPE * BOX 
ORDER * SEX * 
CONDITION 

0.084 3.658 1 40 0.063 

 

Table 5: Study 3 within-subject effects: box, condition, sex and order. 
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Source Type III Sum of 

Squares 

df Mean Square F Sig 

BOX ORDER 0.260 1 0.260 0.971 0.330 

SEX 0.140 1 0.140 0.522 0.474 

CONDITION 1.042 E-02 1 1.042 E-02 0.039 0.845 

BOX ORDER * SEX 0.260 1 0.260 0.971 0.330 

SEX * CONDITION 0.334 1 0.334 1.247 0.271 

BOX ORDER * SEX * 

CONDITION 

0.844 1 0.844 3.145 0.084 

Error 10.731 40 0.268   

 

Table 6: Study 3 between-subjects effects: box, condition, sex and order. 

 

 

 

 

Effect Value F Hypothesis 

df 

Error 

df 

Sig 

BOX TYPE 0.022 0.731 1 32 0.399 

BOX TYPE * BOX ORDER 0.10 0.311 1 32 0.581 

BOX TYPE * SEX 0.094 3.317 1 32 0.078 

BOX TYPE * ACTOR 0.151 1.891 3 32 0.151 

BOX TYPE * BOX ORDER * SEX 0.026 0.863 1 32 0.360 

BOX TYPE * BOX ORDER * ACTOR 0.173 2.233 3 32 0.103 

BOX TYPE * SEX * ACTOR 0.094 1.112 3 32 0.359 

BOX TYPE * BOX ORDER * SEX * ACTOR 0.176 2.283 3 32 0.098 

 

Table 7: Study 3 within-subjects effects: box, order, actor and sex. 
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Source Type III 

Sum of 

Squares 

df Mean Square F Sig 

BOX ORDER 0.142 1 0.142 0.503 0.483 

SEX 0.130 1 0.130 0.460 0.503 

ACTOR 0.225 3 7.510 E-02 0.266 0.849 

BOX ORDER * SEX 0.261 1 0.261 0.925 0.343 

BOX ORDER * ACTOR 0.332 3 0.111 0.393 0.759 

SEX * ACTOR 0.555 3 0.185 0.655 0.586 

BOX ORDER * SEX * ACTOR 1.658 3 0.553 1.959 0.140 

Error 9.032 32 0.282   

 

Table 8: Study 3 between-subjects effects: box, order, sex and actor. 


