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Summary of thesis

The central topic of this thesis is the role afiindual differences in the development of
imitation. The main claim of the thesis is thatiindual differences reflect infants’ active
involvement in their own developmental process. fiasis utilizes a combination of
experimental and parent report data to demondtiatenanifold nature of the origins of
imitation.

Chapter one introduces the topic of individualeliéinces in imitation by reviewing, in
the first part of the chapter, the literature oitation during the first 18 months of life, and the
literature on the role of temperament in socialfithge development, in the second part of the
chapter. Furthermore, the open questions concethegple of individual differences and the
infants’ active involvement in the developmentmitation are discussed.

Chapter two studies the relation between attentjorederences and individual
differences in imitation of facial and vocal modeighe first few months of life. Thus far studies
of early imitation have dismissed individual dieces as noise, therefore not much is known
about the role of individual differences in imitati The findings demonstrate that attentional
preferences as measured with the Infant Behaviowstbnnaire-Revised (Gartstein &
Rothbart, 2003) are related to specific differenoeasitation. Furthermore the findings
demonstrate that the major theoretical accountsivétion are not sufficient to explain these
results and a new theoretical model is proposed.

In chapter three the infant’s active involvemenitsnown developmental process is
studied by assessing the role of spontaneous iamtat the development of imitation of actions
on objects during the first year of life. | demaoagt that infants’ own initiative to imitate acten
on objects is the most important predictor of theayved increase in imitation of actions on

objects around 10- to12- months of age.



Chapter four assesses the role of infant sociglilitmitation. In particular, it examines
the hypothesis that sociability is related to faithbut not selective, imitation. The findings
demonstrate a positive link between sociabilitymeessured by the surgency scale of the Early
Childhood Behaviour Questionnaire (Putnam, GansfteRothbart, 2006), and faithful
imitation. Finally, in the general conclusion | laargue that the two current dominant accounts
of imitation, i.e. an innate account and a learr@ngount, do not account for these results, and |

will propose an alternative theoretical model #hags account for these findings.



Acknowledgements

This PhD research project was undertaken at thedbcii Psychology at Cardiff University and
was funded by the Leverhulme Trust. | would likehtank my supervisor dr. Merideth Gattis for
giving me the opportunity to work in her lab, fartsupport, and for being such an inspiring
person to work with. |1 would like to thank my calpues Elena Sakkalou, Nia Fowler, Kate
Ellis-Davies and Alice Winstanley for the numeraups of coffee during stressful times, for
inspiring discussions, for being great colleagaes! for their friendship. | would also like to
take this opportunity to thank my parents, Eddy kilidn Hilbrink, for their unconditional
support and belief in me, without which | would mhat where | am today. | also would like to
thank Mark van Tongeren for his tremendous supparsolving many computer crises and for
always being there during the past three yearslligjiri would like to thank all the mums and

babies who participated in the First Steps project.

Vi



Table of Contents

(O gF=T o] =Yl I 114 oo [ o (e o PSP 10
T 19117 o ) P 10
O R o V0 1= o T PP 11
7 @ o] 1= Tox B T3 91] r= L4 [ o R 14
1.1.3. Imitation of goals and INENHIONS ... ccceeeiiiiiiii i e 16
I =T 0 ] o= =T 0 1= o | P 19
1.2.1. Temperament and deVEIOPMENT ........ oo e e e e e e eeae 22
1.2.2. Temperament and IMITALION ........... oo e eeeeeernieereeei e ereirar e e eeeren e eerne e ererr e aeeanenn 23
1.2.3. Temperament and JOINt @tENTION .....ccceeeiriiiiiie e e 26
RS T I [ TSy RS = STl ] (0] = o S 29
S YT T ol o I 10 £ 31

Chapter 2. The third way for imitation: Innate diffnces influence learning. ................commm e eerennn.. 33

2 T Y 13 1 - V! PSS 33
pZZ N 11 7o 18 od 1T ] o TP PP OPRUPPTPPPPRIN 34
2.2.1. Measuring meaningful individual variability................ccccoiiiiiiiiiii e, 38
2.2.2. Measuring attentional PreferENCES ... e 40
P2 T 1V = g o T PO TRTT 42

B T - g 1] o= L £ PP 42
ARG T e (o Tot=To [U TS I= o o I e [=T] T | o I 42
A T T @ To |12 T RPN 45
2.4, RESUIES ... ettt oot e e e et e ettt bbb e e e e e aaeaeene 47
2.4.1. Preliminary @nalYSES .......ccouuuiiiicceemmie et e e e e et e e e e et e e e e e et eeeenn e e ee ettt eeeeean e aeeres 47
B S - 4 YA 411 > o 48
2.4.3. Repeated measures Of €arly IMItAtION e .vueeeiiiiiiee e e e ee e 49
2.4.4, Individual Variability ............uuuscoeeeeee e e 51
pZ S 1= U3 T o PSRN 55

Vi



W0 I =4 Y01 = o 55

2.5.2. INdividual Variability ............uuui oo e 56
2.5.3. AsSesSINg all thre@ ACCOUNLS ... commmee o eeeeeeetiseeeeeiias e e e et e e e s reeseess e e eeana e eaeeennns 56
Chapter 3. The role of spontaneous imitation irtating actions on objects: A diary study. ............ 61
oL ADSITACT ...t et e e e e e e e e e e 61
1207 [ 311 0o 18 1 i To ] o PP PP PP PP PPOPPPPPPP 62
B.B.MELNOU ...t e e 68
0 T I - g 1] o= U £ PP 68
G TR o LY o] o = 1= L (1 L= PR 69
ICTRC TS T w foTot=To [U S IR= o o I e [=7] T | o I 70
3.3.4. Reliability and CodiNg........ccuuiiiiiiiiiii e e e e e e e e 70
i RESUITS ... ettt e e e e e e e e e 73
3.4.1. Preliminary @NalYSES ......ccccuuuiiiicceemme et eeiiis e ettt e s e e e et s e e e e et e e e ann e e ee et e e aeaa e aaeres 73
G B - V1 = g =L)< PP 73
3.5, DISCUSSION ...ttt ettt e e e e e e e e e e e e e e e e e e e bbb e e 78
Chapter 4. Selective and Faithful Imitation at &8d 15- MONthS ...........cciiiiiiiiiii e, 81
4.1 ADSITACT ...ttt et r et e et et e e e e e e e eeas 81
g1 (oo 18 ox 1o ] [P PP PP PPPPPPPPPPP 82
4.3 MEENOM ... et e e e e e 87
o T B == 1 (o o = o £ PP 87
B N o] 0T 1= LU £ PP 87
TR T o o o= T [ = 88
4.3.4. CodiNg @nd ANaAIYSES ......uuiiiiieiiiie e e 89
B4, RESUIES ..ottt 90
4.4.1 Preliminary @NalYSES ......ccuuuiiiiiscemmmr e e et e e et e e e e et s e e e s aaae e e et a e e e e et e e aeran 90
A \V - V] = 1 T= 1)< S 20
4.5, DISCUSSION ....eieiiiiiiis ittt mmmmmm ettt e e e e e e e e e e e e e e e e e e s e e e e e e e e e e e e s eb e e s e e e e e e e e 94

VIii



TR Oo ] o3 1T 1= (0] o 1= 97

5.1 SUMMANY Of FESUILS ....eeieiie it e e e e e s e e e e b s e e e ee it e e eaeennnns 97
5.2 GENEIAI QISCUSSION ...ttt et e st 4ottt ettt e e e e e e et e ettt s e e e e e e e et eeaee bbbt e e e e e eeeaas 99
5.2.1. A focus on individual diffEreNCES .....ceeeeiiiiiiiii i 99
5.2.2. A Dynamic-Interactive account of imitation............cccoovevviiiii i 102
5.2.3. LIMITALIONS ...ttt e e e et e e e e e e e e s 105
5.2.4. FULUIE AIFECLIONS .. ..iiiiiiiiiiii s eeeemm ettt e e e e e e e e e an b 107
RETBIEINCES. ... e e e e ettt e e e e e e et e e e et et a e e e e e e a0
Appendix 1. Infant Behavior Questionnaire - REeVISEM............cooeieiiiiiiiiiiiiiiie e, 118
Yoo ¢ To T d (oo =To L1 - P 133
Appendix 2. Early Childhood Behavior QUEStIONNAILE...........cocvvviiiiieeiiiii e e 138
Yoo ¢ To T d (oo =To L1 - P 149
Appendix 3. Flowchart diary QUESTIONNAINE .......cccvuuiiiiiiii e e e e eaes 154
Appendix 4. Flowchart (0bject) imMitation.....ccecu.ooieeiiiiiii e eere e eees 157



Chapter 1. Introduction

1.1. Imitation

Imitation is an important mechanism for learnireywskills and learning about social
roles and rules. Imitation is utilized throughoewvdlopment (see for examples of early
imitation: Barr, Dowden & Hayne, 1996; Meltzoff &ddre, 1983; of imitation during pre-
school years: Bekkering, Wohlschlager & Gattis, 2Qff imitation in adults: Garcia-
Retamero, Takezawa & Gigerenzer, 2009; Van Badeddux, Chartrand, De Bouter &
Van Knippenberg 2003), but is an especially impurtearning mechanism during infancy,
before infants have acquired the use of languagtd first part of this chapter | will review
some of the most important findings in researcinatation during the first 18 months of life.
| will start with early imitation, which mainly camsts of facial and vocal imitation, up to 6
months of age. | will then give an overview of tiesearch on object imitation which starts
around 6 months. Finally I will review researchsatective imitation such as imitating goals
and intentions, and faithful imitation, or overiation. | will conclude the first part of the
chapter with a summary of the types of questioas fimain unanswered.

Some discussion exists concerning the definitiomittion. When imitation is
studied during the first few months of life, imitat is usually defined as a close behavioural
match between the observed act and the act prodycee: infant. However, when studying
imitation towards the end of the first year andibeipg of the second year, differences exist
between researchers concerning the appropriateitiafi of imitation. Even though in some
studies imitation is defined as a close behaviowmatch with the target behaviour, many
researchers suggest imitation needs to involve baplging the actions and some
understanding of the goal or intentions of the n¢siee for example: Want & Harris, 2002).

In this thesis imitation is studied from the fifetv months of life until the child is 15 months.
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There are big differences between what an infacapable of during the first few months of
life and what it is capable of by the time it ishBnths. To be able to study imitation over
such an extended period of time, imitation is blpaefined as a close behavioural match

between the modelled behaviour and the produceatvimmir.

1.1.1. Early imitation

The study of imitation during the first 6 montHdite mainly concerns imitation of
facial gestures and expressions, and imitatiorooalizations (see for example: Chen, Striano
& Rakoczy, 2004; Field, Woodson, Greenberg & Coli&82; Kugiumutzakis, 1999;
Meltzoff & Moore, 1977). A few studies report intit@n of finger and head movements (see
for example Fontaine, 1984; Meltzoff & Moore, 197889). Research on imitation during
the first six months of life plays an importanteah one of the main debates in early
imitation: Is imitation an inborn ability or is @cquired through learning? The seminal studies
by Meltzoff and Moore (1977, 1983), demonstratimitation of facial gestures in infants
aged between several hours and 1 week, producdulghevidence that imitation might be
an inborn ability. Up till then Piaget’s (1962) wief imitation had been the dominant view:
that imitation of facial gestures required a loegperience because an infant cannot see itself
perform the gestures, therefore facial imitatioegloot occur until towards the end of the
first year. After the publication of the findingg Meltzoff and Moore many studies providing
evidence for early imitation followed. Field andleagues (Field et al., 1982) for example,
demonstrated neonates did not only discriminate/de emotional facial expressions but
they were also able to imitate the happy, sad anatised faces. Fontaine (1984) conducted a
cross-sectional study to assess imitation of faaial manual gestures in the first six months
of life. He found that by 2 months infants wereeatd imitate all of four facial gestures:

tongue protrusion, mouth opening, cheek swellindyeye blinking. No imitation was found
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for manual gestures. Kugiumutzakis (1999) conduatahgitudinal study following infants
from less than 40 minutes old until 6 months. Itdasshowed imitation of facial gestures and
the sound /a/ when less than 32 minutes old. Tleeyiknitating facial gestures until 2.5
months. However, imitation of the sound /a/ disapeé until 2.5 months. From 2.5 months
onwards infants were capable of imitating the seuiad /m/ and /ang/. Imitation of facial
gestures disappeared after 2.5 months. Kuhl antzbfeé[1996) demonstrated vocal
imitation in infants between 12- and 20-weeks o fay the vowel sounds /a/, /i/ and /ul/.
Furthermore, one of the most recent studies onatabwocal imitation by Chen, Striano and
Rakoczy (2004) demonstrated that newborn infamswatch mouth movements, mouth
opening and mouth clutching, to the sounds /a//arid

The findings of early imitation have often beendias support for the idea that
imitation might have an inborn nature. Several mbmechanisms have been proposed.
Jacobson (1979) for example, proposed an innagasielg mechanism. She demonstrated that
infants responded with an increased frequencyrajue protrusion to tongue protrusion
displays but also to a pen or a ball moving, imalar way as a protruding tongue, towards
the infant’s face. Another more elaborate mechamsstiat of an Active Intermodal Mapping
system (AIM), proposed by Meltzoff and Moore (1988)M assumes an innate mechanism
which allows the infant to detect the equivalertite®n the observed and produced act. A
proprioceptive feedback loop allows the infant¥alaate its own body movements with what
is observed.

However, several studies have failed to replicaugifigs of early imitation or
demonstrated alternative explanations (see for pi@mnisfeld, 1991, 1996; Jones, 1996,
2006; Kaitz, Meschulach-Sarfaty, Auerbach & EidatmB88; Lewis & Sullivan, 1985),
guestioning the inborn nature of imitation. LewgleBullivan (1985), for example, assessed

imitation of head turning, tongue protrusion, moagening, arm waving and sequential
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finger movement at 2 weeks, 12 weeks and 24 wee&sross sectional study. They did not
find any indication of selective imitation for anfthe gestures at any age. Kaitz and
colleagues (Kaitz et al., 1988) found imitationyofdr tongue protrusion and not for happy,
sad or surprised expressions. In addition theydamincreased tongue protrusion response
during displays of happy expressions, which ledrthe question whether tongue protrusion
reflected true imitation. Furthermore, reviews hyigeld (1991, 1996) revealed a consistent
matching effect for tongue protrusion but the emmkefor matching other gestures, such as
mouth opening and a head turn was weak and indensig\nisfeld therefore concluded there
is no such thing as general facial imitation.

Jones (1996, 2006) provided an alternative explamébr the observed imitation of
tongue protrusion. In one of her experiments (JoP@86) infants responded in a similar way
to episodes of music alternated with episodeslehse as they did in Meltzoff and Moore’s
(1983) paradigm to episodes of tongue protrusitarrated with a neutral face. In addition,
in another series of experiments Jones (1996) dstratad that infants responded with an
increased rate of tongue protrusions to an integslisplay. Furthermore, she demonstrated
that infants were more interested in tongue pratrudisplays than mouth opening displays.
Thus, according to Jones infants are demonstrattegest by protruding their tongue rather
than imitation. Jones concluded that tongue prangsresponses are an increased arousal
response to interesting stimuli. In addition, shggested that imitation is a slow learned
process, with imitation first occurring during tbecond year of life (Jones, 2007).

As can be concluded from the above discussed fsdiresearch on neonatal imitation
and imitation in the first six months of life hdmus far been concerned with establishing what
an infant can imitate and when. However, this lanovided us with a clear answer on how
imitation starts and what the underlying mechanianes The debate whether imitation is

innate or learned is still ongoing. What these isttideem to ignore however, is the large
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observed variability in early imitative behavioukdost studies dismiss this variability as
noise, sometimes excluding over half of their sanfpke for example: Meltzoff & Moore,
1983). More recently, however, researchers haveedtéo recognize the importance of
individual differences. Ferrari et al. (2009) folaenple demonstrated that individual
differences in facial imitation in newborn rhesuaaaques were related to later motor
development. Infants classed as imitators werebattgrasping and reaching tasks later on in
life. These findings suggest that individual vatligbis an important feature of imitation to
consider when studying imitation and its underlymgchanisms. However, thus far research

on individual differences in imitation is lacking.

1.1.2. Object imitation

Imitation of actions on objects has been studiethfaround the age of 6 months
onwards. Most studies have been concerned withrréefemitation, i.e. imitation after a
delay (Barr, Dowden & Hayne, 1996; Elsner, Hauf &Aersleben, 2007; Herbert, Gross &
Hayne, 2006; Meltzoff, 1988). Barr et al. (19960rad that infants as young as six months
were able to immediately imitate the first ste@dhree-step action sequence. This sequence
consisted of removing a felt mitten from a handp®t{s hand, shaking it and replacing it.
Twelve-, 18- and 24- month-old infants were ablenitate even after a delay. In addition
they demonstrated a developmental pattern regatdengumber of steps copied after a delay:
only a few 6 month olds copied the first step a&t@4 hour delay and this was not
significantly different from the control group wihad not seen a demonstration. The majority
of the 12-, 18- and 24- month olds copied the &tep. The second step was hardly ever
copied by the 6- and 12- month olds, but was rgamtipied by the 18- and 24- month olds.
The third step was never copied by infants of 6 ti®old, rarely by 12 month olds but often

by 18- and 24- month olds. Additionally, Meltzo#f988) found that 9 month olds can imitate
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simple 1-step actions on novel objects after a@4rkelay. Combined with the findings of
Barr et al. (1996) this suggests that the abibtintitate after a delay develops sometime
between 6 and 9 months of age. Herbert et al. (2€@&irmed this by demonstrating that 6
month olds did not imitate a simple action on ajectafter a 24-hour delay but 9 month olds
did.

Thus, from the second half of the first year onwgardants readily imitate actions on
objects and from around 9 months of age infantsapable of deferred imitation of simple
actions on objects. Not much is known however abuitation of action on objects before 6
months. It has proved difficult to test infants giger than 6 months on object imitation
because of their limited motor abilities and limditgttention span. However, that does not
mean infants younger than 6 months are not capdinlbject imitation under the right
conditions.

In addition, not much is known about spontaneoutation of actions on objects
because object imitation has thus far mostly besessed in experimental settings and one
cannot ‘elicit’ spontaneous imitation. One way tfdying both object imitation under 6
months of age and the role of spontaneous imitasiom study them in a naturalistic setting as
opposed to an experimental setting. Some obsenatstudies have been conducted using
mother-infant interactions in the home or in the @ assess naturally occurring imitation
(Flynn, Masur & Eichorst, 2004; Masur, 1987; Ma&iRodemaker, 1999; Pawlby, 1977).
However, no clear distinctions are made in theseiss between spontaneous imitation and
imitation that has been encouraged or instructeth&ynother. Furthermore, the vast majority
of these studies assess imitation towards the etk dirst year and during the second year of
life, and involve very brief observations of a nrayim of 15 minutes. Thus, it remains

unclear whether object imitation occurs under 6 thef age and what role spontaneous
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imitation plays in the development of imitation.@&imental methods or brief mother-infant

interaction observations have not been sufficierartswer these questions.

1.1.3. Imitation of goals and intentions

Imitation of actions on objects has also beenistlph relation to the development of
understanding goals and intentions. The understgrafiother’s intentions is generally
viewed as an important first step toward a thednyind, which is the understanding that
other people can have beliefs, desires and knowlédgrpenter, Akhtar & Tomasello, 1998;
Meltzoff, 1995). Assessing whether an infant in@tathe intended act or not has become a
readily used means of assessing an understandihgttier people can have mental states.

Meltzoff (1995) used a failed-hand demonstratioagsess whether 18-month olds
would imitate the failed action or whether they Wbimitate the intended, but not observed,
act. In the failed-hand demonstration infants wese as likely to produce the target acts as in
the full demonstration condition, and more likadyproduce the target acts than in the control
conditions. Furthermore, Meltzoff demonstrated th&nts were more likely to produce the
target acts when the failed act was demonstratedhyman model, rather than when a
mechanical device was used to demonstrate thelfaggon. Thus, infants’ demonstration of
understanding intentions or goals is specific f@man-modelled acts.

There is some evidence indicating that this distimcbetween human action and
action made by inanimate objects might alreadyrbegnt in infants around 6 months of age
(Hamlin, Hallinan & Woodward 2008; Mahajan & Woodwa2009; Woodward, 1998).
Mahajan and Woodward (2009) demonstrated that 74malds imitate reaching for an
object significantly more when a human model aet®the demonstrator instead of an
inanimate box. In another study 7-month-olds obs@either a goal-directed action i.e.

grasping or reaching toward an object, or a godlguous action i.e. touching the object

16



with the back of the hand or pointing. Infants werere likely to choose (touch, grasp) the
same object as the model when the action had besrdgected than when the action had
been goal-ambiguous (Hamlin et al., 2008). Thidicoed earlier habituation data
(Woodward, 1998) in which infants from around 6 isnonwards looked reliably longer in
test trials where the goal object differed from tiadbituation trials while the movement path
(grasping motion) remained the same, comparedstdrials where the goal object remained
the same while the movement path changed. In addi-month olds did not demonstrate
such differentiation when a mechanical claw waslusstead of a hand. However, these
studies with 6-and 7-month-olds assess a possigerstanding of the goal, but not imitation
of goals and intentions.

From around 12 months onwards infants become capdilslelectively imitating goals
and intentions. Carpenter, and colleagues (Carpegttal., 1998; Carpenter, Call &
Tomasello, 2005), for example, were able to dematesthat 12- to 18-month-olds vary their
imitative behaviour according to the perceived g@ald intentions. In one study (Carpenter
et al., 1998) 14- to 18-month-old infants obseraestquence of two actions of which one was
marked as accidental by saying ‘whoops!” and ongathas intentional by saying ‘there!’,
both with the corresponding intonation. Infants evevice as likely to reproduce the
intentionally marked actions as they were the aatdia actions. In another study Carpenter et
al. (2005) demonstrated that 12- and 18-month ddlyg their imitative behaviour according
to the perceived goal. This study was adapted fa@tudy with older children by Bekkering,
Wohlschlager and Gattis (2000) demonstrating thadlien would imitate the object goal, i.e.
covering the right dot on the table, and not theyeneent path of the hand, when the object
was present. However, when no dots were presetiteotable children suddenly became
more accurate in imitating the movement path ofhidwed, rather than the location on the

table. In the adapted version of Carpenter ehfdnis imitated putting a toy mouse in the
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same location as modelled, i.e. one of two hous#sgnored the hopping motion that was
modelled. However, when the houses were not praskmits imitated the specific hopping
motion with the mouse and were less accurate itnguthe mouse at the same end location.
These findings demonstrate that infants from ardltdchonths onwards are able to vary their
imitative behaviour according to what they intetghe goal to be.

Contrary to selectively imitating aspects of anacsequence, more recently
researchers have found that infants sometimeddytiimitate actions of others in a
persistent manner, even to the extent of imitatimgecessary actions. In a study by Nielsen
(2006) for example infants observed a demonstratfapening a box using a tool, while it
was easier to open the box without the tool, bpgisi hand. Twenty-four-month olds
consistently used the tool to open the box. Eigiteenth olds would use the tool when the
model acted in a social manner, but not when theeainacted aloof, and twelve-month-olds
only used the tool after viewing a failed-hand destation followed by a successful opening
using the tool. Nielsen concluded that the old&rnts imitated for social reasons: they
imitate exactly what the model demonstrated toatetor maintain a social interaction.
Brugger, Lariviere, Mumme and Bushnell (2007) obedra similar effect in their study: 14-
to 16-month olds were more likely to imitate unresagy actions when the model acted in a
natural social manner than when the model actednon-social manner, demonstrating that
infants rely on social cues. Lyons, Young and K2007) proposed a different explanation
for faithful imitation. Contrary to a social motitvan they suggest children imitate faithfully,
or over-imitate, because they automatically en@dadult’'s novel actions as causal.
However, their experiments to support this claifyancluded 3- to 5- year olds and have not
been replicated with infants. Thus, questions rambbut the underlying mechanisms which

determine whether an infant will imitate selectywel faithfully.
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A vast amount of research has been conducted dilmngast decades on what
specific behaviours an infant can imitate and wéwemfant can imitate these behaviours.
Much has been learned from these studies. For deamp now know infants can imitate
facial expressions from very early on in life, altigh some controversy remains about the
precise meaning of these findings (Anisfeld, 199996; Jones, 1996, 2006; Meltzoff &
Moore, 1977, 1983). Furthermore, research has ley@aants can imitate simple actions on
objects from around 6 months onwards, become capdlaeferred imitation around 9
months, and during the second year of life infén@some capable of imitation of goals and
intentions (Barr, et al., 1996; Carpenter, et2005; Herbert, et al., 2006). However, there are
still some unanswered questions. Not much is kngstrabout the role and origin of
individual differences in imitation. In additionphmuch is known about the role of
spontaneous imitation because it is not possibgtudy this in an experimental setting.
Furthermore, questions remain about the underlyinogvations for faithfully or selectively
imitating a sequence of actions on an object. imttresis | will attempt to begin filling the
gaps and answering these questions by assessiagluad differences in imitation,
spontaneous imitation and the possible motivationselective and faithful imitation, based

on data gathered in a longitudinal study on inotafirom birth till 18 months.

1.2. Temperament

One starting point for studying the origins and ithle of individual differences in
development is to look at temperament. AccordinBathbart, Ahadi and Evans (2000)
“temperament arises from our genetic endowment“efidences and is influenced by the
experience of each individual, and one of its oones is the adult personality.” (p.122).

Temperament is studied in relation to a wide vgradtresearch topics during infancy,
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childhood and adolescence. The question that wilielviewed in this second part of the
chapter is how aspects of temperament might infleesocial-cognitive development and
imitation in particular.

While there is some debate about the correct dsimfor temperament most definitions
include individual differences in emotional reattnand/or self-regulation (Allport, 1961;
Thomas & Chess, 1977) and agree on temperamengemerarly, being relatively stable
and biologically rooted. The most recent and, nayagdmost widely used definition in
studies with infants and young children is thaRothbart and colleagues (Gartstein &
Rothbart, 2003; Rothbart & Derryberry, 1981). Tliefine temperament as “constitutionally
based individual differences in reactivity and sefjulation” (Gartstein & Rothbart, 2003, p.
66), i.e. the child’s affective, motivational antiemtional reactions to stimulus change and the
regulation of these reactions.

Among the first to study child temperament were mhe and Chess in their New
York Longitudinal Study (Thomas & Chess, 1977). fdescribed temperament as tuosv
of behaviour, defining it as the behavioural styfiehe child. Their approach to temperament
research and individual differences in developmefi¢cted a shift from a unidirectional
view on child development in which the child iswed as the ‘receiver’ of environmental
inputs that influence development, to a view inathtihe child actively contributes to its own
developmental process (Sanson, Hemphill & Smaf4pBased on the data collected
through parent interviews, Thomas & Chess idemtifi;ne dimensions of temperament:
Activity Level, Rhythmicity/Regularity, Approach &ithdrawal, Adaptability, Threshold of
Responsiveness, Intensity of Reaction, Quality obM] Attention Span and Persistence, and
Distractibility. In addition they distinguished #e types of children: Aaasy child was
characterized by regularity in behaviour, positiypgroach, high adaptability and mild or

moderate intense mood which was mainly positivdiffhcult child was characterized by
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irregularity, negative withdrawal, non- or slow ptibility and intense mostly negative
mood. A third type was named l@w-to-warm-up child. This group was characterized by
negative responses of mild intensity and slow adaliy. They are distinguished from
difficult children by the mild intensity of theieaction, both negative and positive.

Since the publication of the nine categories foopdhomas and Chess (1977), which
was originally published in 1963, several attentyztée been made to design a parental report
measure based on their findings (see for exampleyC4970). However, none of these
guestionnaires were able to rule out concerns atimdeptual overlap between the various
dimensions and concerns about internal reliabiityich led Rothbart (1981) to design the
Infant Behavior Questionnaire (IBQ). Rothbart’s bwas to develop a parent report measure
with high internal reliability, with no overlap lve¢en the dimensions of temperament, and
which would include both temperament charactesdtcind by Thomas and Chess as well as
additional aspects of reactivity and self-regulatia final goal was to develop a measure that
could assess both continuity and change in temparaaver time, which had proven to be a
problem for both Thomas and Chess’ nine categasesell as for later parental report
versions. Rothbart recognized parent report measueeinfluenced by the interactional
history between caregiver and child in the home tBlkrefore suggested parent report
measures of temperament might be best viewed asssssment of temperament as
demonstrated within infant-caregiver interactidnsaddition she suggested that a parental
report measure should avoid asking questions wigratents are asked to make judgments
about behaviours that occurred in the distant gadtavoid questions that ask for a
comparative judgment because it makes the ansypendent on the experience of the parent
with other children. The IBQ therefore consistedjoéstions referring to specific behaviours
that occurred during the past week and includedsaes: activity level, smiling and

laughter, fear, distress to limitations, sooth&piland duration of orienting. Following the
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development of the IBQ, Rothbart and colleaguesldped measures of temperament for
children of (pre-)school age, the Children’s BebaWuestionnaire, and the toddler period,
the Early Childhood Behavior Questionnaire (Putn&atstein & Rothbart, 2006; Rothbart,
Ahadi, Hershey & Fisher, 2001). In addition theylished a revised version of the IBQ, the
IBQ-R (Gartstein & Rothbart, 2003). Factor analysasied out in several studies over the
past years on these measures have consistentbl@dwtbree broad temperament factors: 1)
Extraversion/Surgency: which includes scales like high intensity pleasuactivity level,
impulsivity, approach and vocal reactivity2¢gative affect: which consists of scales like:
discomfort, fear, anger/frustration, sadneskf&)rtful Control (or on the IBQ-R:
Orienting/Regulation): includes scales like inhibitory control, attemial focussing, low
intensity pleasure, cuddliness and duration ofriing (Gartstein & Rothbart, 2003; Putnam

et al. 2006; Rothbart et al., 2001).

1.2.1. Temperament and development

Above described measures have been readily usestséss infant temperament in a wide
variety of studies on social and cognitive develeptnThe temperament questionnaires have
been used to study links between temperament agddge development, development of
joint attention, development of theory of mind, grdblem behaviour such as internalizing
and externalizing problems (see for reviews: EisegSmith, Sadovsky & Spinrad, 2004;
Rothbart , 2007; Rothbart, Ahadi & Evans, 2000;s8aret al., 2004). Thomas & Chess
(1977) proposed that the influence of temperamemtevelopment is determined by its
interaction with the child’s environment, which yhealled ‘goodness of fit". According to the
‘goodness of fit’ idea healthy development restitten a good match between the child’s
temperament and the child’s social environment.ignmatch between the child’'s

temperament and the social environment negativdliyances development. Thus the
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‘goodness of fit’ approach assumes an interactewden child characteristics and the child’s
social environment that subsequently influenceslbgment. Other approaches that have
been used to assess the influence of temperamel@vetopment are the unidirectional view
that assumes a direct effect of temperament onlalewent, and models assessing the
mediating or moderating role of temperament (Sansbal., 2004).

To assess the possible role for aspects of tempatamthe development of imitation in
infants and young children I will now review theeliature on temperament and imitation. In
addition, | will review the literature on temperam@and joint attention, including gaze
following, because joint attention skills and intiba are found to be related (Carpenter &
Tomasello, 1995; Charman, et al., 2000). Furtheemmiore complex forms of imitation
occurring towards the end of the first year andrdythe second year of life, such as imitation
of actions on objects and selectively imitatinglg@ad intentions, require the infant to have
the ability to engage in joint attention and shargentionality (Tomasello, Carpenter, Call,

Behne & Moll, 2005).

1.2.2. Temperament and imitation

A small number of studies have suggested temperamight explain individual
differences in imitation (Dixon, Salley & Clemen2)06; Fenstermacher & Saudino, 2006;
Fouts & Click, 1979). These studies, however, didhrave imitation as their main focus but
used imitation as a means of measuring learninguggested temperament might play a role,
but did not assess its role experimentally. Fongda, Fenstermacher and Saudino (2006)
suggested in their review on individual differengegnitation, that attentional differences
and traits such as introversion an extraversiorhtypépy a role in explaining individual

differences in imitation. They concluded that beseaaf the stability of some of these
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differences in personality traits that geneticuefices could be a source of individual
variability in imitation

A few studies have provided experimental evidewncafrole of temperament in
explaining individual differences in imitation. Rsuand Click (1979) conducted a study on
the differences in observational learning betweroverted and extraverted children using
televised and live models. More specifically, tlesgessed whether extraverts were better
observational learners because they are more dudedp social influences and/or whether
they are better observational learners becauskfefences in attention to the modelling
stimuli. Children saw five different sequencesiaf@e actions, either performed live, by a
televised human model, or a televised non-humaremé&duts and Click expected that
extraverts would be better observational learneesall. Furthermore, they expected
introverts to show the most observational learmiitp non-human televised models and the
least observational learning with live human mod€&lse opposite was expected for the
extraverts. Results demonstrated that extrovetédren showed more observational
learning than introverted children overall and tiias was not due to inattention to the model
of the introverted children. Moreover, extravedther than introverts showed more
inattention during the televised models, but stdinaged to reproduce more of the actions.
No interaction effect was found between type of allialy and personality type. However,
based on these findings, it is difficult to conautiat extraverts are generally better
observational learners. Infants were specificaltiucted to show as many ways to play with
the toys as they had seen the model perform. Tbtsuiction was repeated until the child
indicated it did not know any other way to playwihe toys. It might be that extraverts were
more likely to manipulate objects rather than itniigthe specific actions on the objects.
Fouts and Click only coded the target actions addadt report the number of responses

concerning non-modelled actions. Furthermore egttavmight have been more persistent
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than introverts. Thus, it remains unclear whatdpecific relation is between temperament
and imitation.

Dixon et al. (2006) carried out an experiment assgshe role of attentional focus
during word learning and nonword-learning (imitadidasks in 21-month olds. In particular
they assessed the role of attentional focus wheyitiiroduced distracters. Even though
imitation was not their main focus, they do remmtne relevant results concerning the role of
temperament in individual differences in imitatidmitation, or the nonword-learning task,
was measured by demonstrating two sequences acn@dpey verbal instructions. One
sequence consisted of placing a ball in a cupjmdes larger cup over the smaller cup and
shaking it to make it rattle. The other sequengajraaccompanied by verbal instructions,
consisted of pretending to pour cereal into a bpvdtending to pour milk into a bowl,
stirring with a spoon, putting the spoon in the thoand wiping the mouth with a napkin.
Half of the infants received a distraction durihg task while the other half did not receive a
distraction. The distraction consisted of a Ses8imeet video and was played either with
both the sound and image track, or with just thegenand no sound. Attentional focus was
measured using the ECBQ (Putnam et al, 2006). Tdie fimdings concerning the imitation
task demonstrated that infants high in attentiéo@ls benefitted more from observing the
model, i.e. imitated more target actions, thanntgdow in attentional focus. For the feeding
task a three-way interaction was revealed. Infaiiits a low attentional focus benefitted the
least from observing the model in the distractiondition.

These findings suggest there might be some rolattentional focus in individual
differences in imitation. However, infants wereyexplicitly instructed on what to do,
which makes it difficult to determine whether infaigh in attentional focus are better at
memorizing instructions than their low attentionalinterparts, or whether they are better at

imitating compared to their low attentional couptats. In addition, the imitation tasks
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differed in various aspects. The make-a-rattle lag&lved three steps, while the feeding task
involved 5 steps. Moreover, in order to succesgitpy all three steps in the make-rattle
task infants needed to follow the exact same andtereas this was not necessary for the
feeding task. Furthermore, the feeding task waslimwvhereas the make-a-rattle task was a
novel task. These differences make it difficultltaw a strong conclusion on the specific role
of attentional focus.

Both the study by Fouts and Click (1979) and thielsby Dixon et al. (2006) provide
some indication for a role for attention and soitiighin assessing individual differences in
imitation. However, it remains unclear whether thituence really concerns imitation or

whether other processes are at play.

1.2.3. Temperament and joint attention

Temperament is also related to the developmejaimfattention. Infants are
motivated to share emotional states in dyadic auttewns from very early on as evidenced by
mutual gazing, touching and smiling. From arounddhths infants become motivated to
share goals and intentions in a triadic manner sgaliving and showing objects to others, or
playing games such as building a block tower togretFhis triadic coordination of attention
between the infant and a social partner towardisra object, is called joint attention (Mundy
& Gomes, 1998; Tomasello, Carpenter, Call, Behrid@&l, 2005). The ability to engage in
joint attention is considered to be important focial, cognitive and language development
(Morales, et al., 2000; Rothbart, 2007; Vaughan Magke et al. 2007). Joint attention and
precursors of joint attention are also seen as ftapbskills for various types of imitation.
The ability to share and infer goals and intentiand the ability to coordinate attention

between the model, the object and oneself is inpbfor selective imitation of goals or
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intentional actions and for imitation of actionsahbjects in general (Carpenter, Akhtar &
Tomasello, 1998; Tomasello et al., 2005).

One of the reasons for studying temperament irtioel&o individual differences in
joint attention is that aspects of joint attentsuth as attention, attention regulation and
inhibitory control are important aspects of tempaeeat. Additionally the motivation to share
positive affect with others might also play a rivléhe development of joint attention
(Vaughan et al., 2003). Thus temperament aspectsasisociability and positive affect
might be related to differences in joint attentad®velopment.

Several studies have assessed the above mentissmradions. Morales et al. (2000)
assessed the relation between the ability to follawe at 6 months, which is assumed to be
an early aspect of joint attention, temperamegt@bnths and language acquisition at 12
months. Gaze following was assessed by having titkers turn their head to look at an
object at either 90 degrees to their left or thigint, several times during a face to face
interaction with their infants. A positive relatiovas found between gaze following and the
temperament scale duration of orienting. Furtheentibe ability to follow direction of gaze
together with duration of orienting positively pret@d receptive language at 12 months.

Todd and Dixon (2010) demonstrated a moderatirgcetif temperament on
responding to joint attention at 11 months. Inrtiséudy half of the infants were exposed to
gaze-following trials in the test phase with a lgaokind similar to the baseline trials, while
the other half were exposed to gaze-following $riaith a novel background. They found
associations between gaze following and two suledsions of the factor surgency, namely
approach and perceptual sensitivity. In the famb@ckground condition, low approach
infants were less likely to engage in gaze-folloydhan high approach infants. However, in
the novel background condition the opposite was: tlmw approach infants engaged in more

gaze-following than high approach infants. Todd Bidn explain this finding by suggesting
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that high approach infants were more interestedtaunsl more distracted by the novel
background. No effect of background was found fcpptual sensitivity. However, infants
high in perceptual sensitivity were less likelyetogage in gaze-following than infants low in
perceptual sensitivity. Furthermore, associatioasawound between gaze following and
negative affectivity, fear and distress. Infantovelcored high on either of these scales
showed a significant decline in gaze-following frbaseline to test phase, indicating these
infants are less willing to engage in social intéin. In addition, similar to Morales et al.,
associations were found between gaze-followingarehting. In the familiar background
condition infants high in orienting were more likéb engage in gaze-following than infants
low in orienting. The opposite effect was foundhaite novel background. Thus, several
relations have been demonstrated between jointtatteskills and temperament,
demonstrating the role of temperament in evaluatidiyidual differences in the
development of joint attention (Todd & Dixon, 201Burthermore temperament also seems
to play a role in the relation between joint attemiskills and language development (Morales
et al. 2000).

The above discussed studies on joint attentionraitdtion have demonstrated a
possible role for temperament in explaining indizatidifferences in social-cognitive
development. In the present thesis | will addragsiore detail the possible role of
temperament in individual differences in imitatidaring the first 15 months of life. More
specifically | will assess possible attentionalfprences and the role of arousal in individual
differences in imitation. In addition, | will assethe role of sociability in selective and

faithful imitation at the beginning of the firstae
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1.3. The First Steps project

The research conducted for this thesis has besstucted as part of the First Steps
project. Ample research is availablewhen different types of imitation develop but many
guestions remain abobow imitation develops. Therefore the First Stepsqubyvas set up to
assess imitation longitudinally across the firsid@nths of life. First Steps follows 39 infants
from birth till 18 months. Infants were healthy atairied to full gestation and were recruited
through announcements in a local newspaper, theetgity website and at events for young
parents and parents-to-be before the infant was. IR&rents’ level of education ranged from
secondary school to postgraduate.The main questiiatied in this project is how imitation
develops during this time. In addition, some aspetimotoric development and language
development were also assessed.

First Steps consisted of monthly experimental assests of different types of
imitation, including facial imitation, vocal imiti&in, object imitation and gestural imitation.
These four types of imitation were also assess#aeinome environment through diary
reports provided by the mothers. In addition toeskpental testing and diary reports, mothers
and their infants were observed monthly in ten-ri@rftee-play interactions in the lab and
mothers filled out several questionnaires througioe study.

Each month mothers brought their infants to a ‘blateakfast’. During this breakfast
meeting the various assessments would take plamtbens were able to have coffee and chat
with other participants in the study, and discusssible problems and questions about the
study with the researchers of the First Steps ptrofetypical monthly visit to the lab
consisted of 2 or 3 brief experimental testing iess a mother-infant interaction session and
the downloading of the diary data onto the cerfinat Steps diary database. A break was

given in-between assessments where necessary.
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In addition, every three months mothers received information on what kind of
behaviours they should record in their diaries,chilwere called the ‘What-to-expect-sheets’.
These behaviours were explained to the mothersagltine breakfast and descriptions were
also written down on the What-to-expect-sheetsthéumore, mothers received phone calls
in-between visits to discuss any questions andnand them of their next breakfast meeting.
Because of the close contact with the participrsattrition rate in the project was very low:
only two mothers left the study before the finairhBnth breakfast meeting, both because
their work schedules had changed unexpectedly whathe it difficult to combine work with
their involvement in the project.

In the present thesis | have used the experimdatalof facial, vocal and object
imitation measured at 2-, 3-, 4-, 12- and 15- menthvas the primary experimenter in all of
these experiments. In addition, | have used they deports of the infants during two three-
month periods: from 4- to 6-months and from 1012e months. Furthermore, | have used
temperament data collected using the Infant Beh&@uestionnaire-Revised (Gartstein &
Rothbart, 2003) at 4 months and the Early ChildhBelavior Questionnaire (Putnam,
Gartstein & Rothbart, 2006) at 15 months (see agigehand 2 for a copy of the

guestionnaires).
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1.4. Research aims

The research conducted for this thesis had two maajos, based on the unanswered
guestions mentioned in the previous section. Tisé &im was to establish the role of
individual differences in the development of imibatduring the first 15 months of life.
Individual differences in imitation have, thus fagt received much attention because most
studies have dismissed individual variability asseoHowever, recent developments suggest
that individual variability in imitation might be @aningful information and could therefore
play an important role in the development of imi@at Previous research has primarily
focused on group means when assessing imitatitheifirst few months of life. In the study
in chapter two | have focussed on individual vatighin imitation during the first few
months of life, by including all infants in the dyses in order to capture all possible
responses. Furthermore, as discussed in the peesemtions there are indications for a
possible role of temperament in imitation, althodlgd precise nature of this role is still
unclear. Therefore, in chapter two the possiblgiomf individual differences was assessed
by measuring infants’ attentional preferences.Hapter four infants’ sociability was assessed
in order to study the origins of differences inestive and faithful imitation.

The second aim of this thesis was to establish lveneéhe observed individual
differences in imitation might reflect infants’ aa role in their own developmental process.
Assessing the role of temperament in individudiedénces in imitation was one way of
studying the infants’ active role in their own dy@ment. Another way of studying this is
demonstrated in chapter three, where | assessedléhef spontaneous imitation, i.e. infants’

own initiative to imitate, in the development ofiiation during the first year of life. This was
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accomplished by analysing the mothers’ diary res@fdobject-related imitation occurring in
the home environment.

In chapter five both aims are discussed in relatbotine two current dominant
accounts of imitation, i.e. the nativist accound #me learning account and in relation to a
proposed alternative theoretical model of imitati@sed on the findings presented in this
thesis. Furthermore, the limitations of the prestmdies and future directions for research are

discussed.
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Chapter 2. The third way for imitation: Innate diff erences influence learning.

2.1. Abstract
The nativist-empiricist debate is very prominentdevelopmental psychology research and
has had a lasting effect on research into imitatidany studies have found supportive
evidence for one account or the other but in dsmgesearchers have been overlooking a
third possibility of development being the resulboth innate aspects and learning. In the
current paper we propose an account that combwotbsitmate aspects and learning through
experience, in an attempt to explain the findinggode individual differences in early
imitation. To assess this account and the nat@ngtempiricist accounts a longitudinal study
was conducted testing infants on early imitatiemperament and arousal at 2-, 3- and 4-
months of age. Results show that both the natwidtthe empiricist accounts are not
sufficient in explaining individual differences @arly imitation. However, our proposal,
based on work by Marler (1991) on bird song andkvigyr Johnson (2005) on brain
development, does account for the findings in timeent study. We can therefore conclude
the development of imitation might be better expal as the result of an interaction between

attentional preferences and early experience.
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2.2. Introduction

One of the main debates in child development rebgamses the question: Are
children born with certain abilities or are thebdities acquired through experience? The
debate around this question dates as far back ee#trGreece: Plato believed infants were
born with innate knowledge, while Aristotle believall knowledge was acquired through
experience. Throughout history researchers sutlo@se, Watson and Skinner have been
claiming infants acquire knowledge solely througberience, while others, for example
Chomsky, claimed an innate basis for language.

One of the clearest examples of the nativist-emigirdivide in recent time can be
found in the area of social learning, and earlyation in particular (see for example:
Meltzoff & Moore, 1989; Jones, 1996, 2006, 200mithtion is an important mechanism for
acquiring new skills and because it does not regiie ability of language, imitation is
especially important in infancy. Nativists arguéaimts are born with an innate system that
enables them to imitate. One example of such &sys the Active Intermodal Mapping
system (Meltzoff & Moore, 1989). This innate systallows infants to map what they see
onto their own body by means of a proprioceptiesfack loop. However, learning theorists
claim imitation is learned through experience. &m@mple some researchers dismiss early
imitative behaviours as arousal or an exploratesponse and claim real imitation does not
occur until the second year of life (Jacobson, 19é8es, 1996; Meltzoff, & Moore, 1983;
1989; Reissland, 1988). This divide is being man&d by studies reporting supportive
evidence for one account or the other (e.g. Cheigrn® & Rakoczy, 2004; Meltzoff &
Moore, 1977; 1983; Anisfeld, 1996; Jones, 1996,6208ven though several researchers
acknowledge development is best studied as aragtten between innate aspects and

learning through experience (see for example: Xohnd987; Turkewitz, 1995; Spencer et
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al., 2009). In the current paper we applied thevwieat development is the result of both
innate aspects and experience, to study the dewelapof early imitation and individual
differences in imitative behaviour in particular.

In social learning in animals and more specificailpirds, it has been more common
to look at the possibility of development being thsult of both intrinsic and extrinsic
aspects. Several researchers studying bird sorgygraposed a model of learning
incorporating both innate preferences and enviroriaténput (e.g., Marler 1991; Gallistel,
Brown, Carey, Gelman & Keil, 1991). Gallistel aralleagues (1991) suggesteéaimain
specific learning mechanisms which pre-determine the bird to attend to spe@f@nents in
the environment. Similarly, Marler (1991) calle@ tihnate componemtnate |earning
preferences or innate responsiveness and suggested that the input the bird could patiwti
receive varies based on factors in the environmerhe case of a bird acquiring bird song
this could be the strength of the bird song stitnoita Thus what they suggest is a model
where innate preferences influence what the anatt@hds to in the environment and
influences what will be learned and how well itMaé learned.

However, the research on birds learning bird setigs on cross-species comparisons
and has been conducted to explain differences leetsgecies rather than differences in
learning within the same species. In the presewlysive are interested in differences between
infants; therefore no cross-species comparisonsage. The ideas of Marler (1991) and
Gallistel and colleagues (1991) are, however, @siang as an analogue for building our ideas
and alternative models when studying individualed#nces in the development of early
imitation.

Johnson and colleagues (Johnson, 2005; Johnsar260&; Johnson, Grossmann &
Cohen Kadosh, 2009) proposed a similar idea aseMéiP91) and Gallistel et al. (1991), in

human infants concerning the development of thekbcain. He proposed that initial biases
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in attention orient infants to relevant social stinsuch as faces. Johnson labelled the process
of interaction between innate aspects and experieita active specialization. His example
of face processing illustrates this process ofautve specialization: Early on in infancy
perceiving faces results in large brain areas baatigated and, in addition during this period
areas that respond to faces are not specific @aodrespond to, for example, objects.
Throughout development, as a result of interactlmeteeen brain regions and between the
brain and the environment, the processing of faeesmes more and more specific, e.g. the
region that is activated when perceiving faces gatsower (localization) and becomes more
specific for faces alone (specialization). Thus]Jahnson’s proposal both innate biases and
experience with the relevant social stimuli inflaerthe development of the social brain.

The ideas proposed by Marler (1991), Gallistell.efl®91) and Johnson and
colleagues (Johnson, 2005; Johnson et al. 2005sdalet al. 2009) are examples of how
innate components can interact with the environrnteentfluence development. However, as
mentioned already these ideas are not exactlyaime sis the subject of study in the present
chapter. In the present study we are interestautimidual differences in the imitative
responses on imitation eliciting paradigms betwieéants. Furthermore we aim to assess
whether these differences might be related to miffees in characteristics of the child. The
above discussed modelsdaimain specific learning mechanisms, innate learning preferences
andinteractive specialization can serve however, as a model from which we denwveof
proposal of what might be going on in the developinad early imitation.

We propose in the present paper a third way fotaitoin in which child
characteristics interact with the child’s socialieonment which influences the subsequent
learning process. More specifically we proposena@rplay betweemnate attentional
preferences that orient the learner’s attention to specifimsti, the learner’snvironment and

the subsequemearning processes. This idea allows for both innate aspects anchiagr
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through experience to be considered as part adelielopment process. More specifically we
propose that early differences observed in imitatice related to early differences in innate
attentional preferences, the early environmentthadgubsequent learning process. In order to
study this proposal we conducted a longitudinalgtassessing early imitation, learning and
infant characteristics.

One way of assessing our proposal of a third wwaynfitation is to compare the
predictions of this alternative model with the poidns of the two current dominant models,
i.e. nativist theories and learning theories otation. To do so we set out to study both
individual variability in early imitation and earlgnitation at the group level. Thus far
research of early imitation has focused on meaggroup means and establishing whether
infants as a group imitate or not at a certain(age for example, Chen, Striano & Rakoczy,
2004; Meltzoff and Moore, 1983), while ignoring tlaege individual differences that are
often observed in early imitative behaviours. Mgeaeral, experimental research in
psychology is concerned with the variance betweegrlitions or treatments, for example
comparing responses when exposed to tongue pratrdsplays with responses when
exposed to mouth opening displays. Therefore idd&i variability is usually dismissed as
noise by experimentalists (Cronbach, 1957). This gharp contrast with the focus of another
group of researchers, who Cronbach calls correlatipsychologists, who are studying the
variance between individuals. They are interesteatecisely that what experimentalists try
to minimize in their samples. This divide betwe&perimentalists and correlational
psychologists is prominent in developmental psyatypland is reflected in divisions such as
experimental versus observational research angpgrmans versus individual differences
approaches (McCall, 1981). Cronbach (1957) and M¢C@31) both called for combining
the experimental and the individual differencesrapph rather than focussing on just one of

them, in order to depict a complete picture of dewment. Both suggest models of
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development that involve both variance betweertrireats and variance between individuals,
but importantly also involves the interaction betwéhe two. In the present study we
attempted to combine experimental methods witmdividual differences approach.

In order to study both between treatment varianeei(itation at the group level) and
individual variability in the present study to ass¢he three accounts of imitation, the
following questions were assessed: Can we obsamngieitation at the group level? Can we
observe individual differences in early imitatioAf?d are these individual differences related
to infants’ attentional preferences? In order tevear these questions a longitudinal study was
conducted using two experimental paradigms knowrate demonstrated early imitation: the
mouth modelling paradigm designed by Meltzoff anoddv (1983) and the sound modelling
paradigm developed by Chen et al. (2004). In anlditve measured infants’ behavioural
arousal (Thelen and Fisher, 1982) to assess the olade by learning theorists that early
imitative behaviours are the result of an increamedisal response. A measure of early

temperament was included to assess possible attahpreferences.

2.2.1. Measuring meaningful individual variability

Recently some researchers in the area of imitdiawe started to recognize the
importance of individual variability. For examplegrrari et al. (2009) assessed facial
imitation in rhesus macaques with a similar panadig Meltzoff and Moore (1983). The
macaques were tested on facial imitation at 1-53and 7- days old. In addition, their
reaching and grasping abilities were assessed a#7-21- and 30- days old. They then
defined imitators and non-imitators based on irfamérformance across the testing sessions.
By repeatedly testing the infants and using thermftion of all sessions combined in their
definition they assured all subjects were incluohethe analyses. Results demonstrated that

differences in early facial imitation in infant $wes macaques were related to differences in

38



later motor development. The macaques who werebtapé facial imitation early in life
performed better at the reaching and graspingléskon in development than infants who
did not show facial imitation early in life. Thesesults demonstrate that early observed
individual variability can be meaningful variabyliand should not be treated as noise. To
ensure the full range of possible responses wasiregbin the current study none of the
infants were excluded from the analyses.

Including all infants in the analyses is an impottdifference between the current
study and previous studies on early imitation. Aavmusly discussed, numerous studies have
found evidence of early imitation. However, mange&chers seem to ignore the large
numbers of infants being excluded from the analysé#isese studies. For example in one of
the most influential papers by Meltzoff and Moof®of the infants were excluded from
analyses based on a variety of reasons (Meltzd¥fa®re, 1983). Subsequently, only a small
sample from the originally recruited sample madetd the final analyses. Eliminating more
than half of the sample might have resulted incilg the infants who were most likely to
demonstrate imitation. Thus, even though Meltzatt Moore found evidence for early
imitation it is not possible to conclude that allaints can imitate. This phenomenon is not
limited to Meltzoff and Moore’s study. Others swhFontaine (1984) and Chen, et al. (2004)
have also excluded large portions of their samp®e% and 19 % respectively). As
mentioned earlier, studies thus far have justifiediuding ‘non-cooperative’ infants from
their sample by dismissing individual variability aoise. However, by doing so researchers
might have eliminated meaningful information.

Another way to ensure capturing all possible resperns to use a repeated measures
design. Therefore the current study assessed ieatétion longitudinally at 2-, 3- and 4-
months. In addition to capturing early individu#ferences in imitation this design also

allowed us to capture the possible role of learmingarly imitation. Learning theorists

39



suggest imitation is a slow learned process. J®@¥7) for example concluded that imitation
only emerges during the second year of life based cross-sectional study assessing
imitation of a variety of actions between 6- and 2@nths of age. Even though Jones’ goal
was to study the emergence of imitation she didshaty imitative behaviours before 6
months. She based this decision on a study by Kakkiand Kugiumutzakis (2000) who did
not report much imitative behaviour in the firsifenonths of life; however several studies
have found early imitative behaviours (Chen e2@0b4; Field et al 1982; Meltzoff & Moore,
1977; 1983). Moreover, because of the increasimieece demonstrating that individual
variability in imitative behaviour might be meanfaly we argue one should start measuring

imitation as early as possible.

2.2.2. Measuring attentional preferences

Another important part of our third way for imit@t is that child characteristics, such
as an attentional preference for particular stimmAy play a role in the development of
imitation. One line of research concerned withakiharacteristics and which studies early
individual variability between infants is the resgaon early temperament. Gartstein and
Rothbart (2003) defined temperament as ‘constialiy based individual differences in
reactivity and self-regulation’ (p66). Reactivisydefined as the child’s affective,
motivational and attentional reactions to stimuwbange. Self-regulation refers to the
processes that modulate these reactions. AccotdiRgthbart (2007) temperament together
with experience develops a child’s personality. M/khere is some debate about the correct
definition of temperament most definitions do ird#undividual differences in emotional
reactivity and/or self regulation (Allport, 1961hdmas & Chess, 1977) and most agree on
temperament emerging early, being relatively stahlk biologically rooted, making it a good

candidate for explaining early individual variatyiliTo measure infant temperament Gartstein
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and Rothbart (2003) developed the Infant Behavi@uestionnaire-Revised (IBQ-R), a
parental report measure. The IBQ-R consists ofchies to assess a range of temperament
dimensions. To assess possible attentional prefesehat might set up the infant to attend to
and acquire experience with particular stimuli weluded several scales of the IBQ-R.
Rothbart described the IBQ-R measure as an assetsefmefant temperament as
demonstrated within infant-caregiver interactioRsthbart, 1981), thus it is not possible to
completely separate infant characteristics frontyesaperience. Therefore in the present
study attentional preferences are measured as hircation of infant characteristics and early
experience. In addition, a measure of behaviourlsal during testing at 4 months was
included to assess the alternative explanatiomafsed by learning theorists that the
observed early imitative behaviours are an incigtaseusal response (e.g. Jones, 1996;
2006).

Each of the three theories, i.e. nativist theotesning theories and the third way for
imitation, predicts different outcomes for the abalescribed questions and measures.
Learning theories predict that no early imitatiorihee group level will be found. Early
imitative behaviours that do emerge at the indigldavel are explained by an increased
arousal response.

Nativist theories, on the other hand, predict gty imitation at the group level will
be found. However, because of an innate capacityitate few individual differences are
predicted. In addition a strong relation betweenttho early imitation tasks is expected.

The third way for imitation predicts, however, tivaants show early individual
differences in imitative behaviour and that thisakted to temperamental differences. We
expect that differences in infants’ specific attemal preferences towards specific stimuli will
influence what they attend to in their environmamd their subsequent learning process. To

this end we chose to look at thacal reactivity scale of the Infant Behavior Questionnaire-
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Revised (Gartstein & Rothbart, 2003) and hirgh intensity pleasure scale. Thevocal

reactivity scale measures infants’ exposure to and experigitisezocalisations during daily
life. The third way of imitation would predict thamitators on the sound modelling task, but
not the imitators on the mouth modelling task, sdagher on vocal reactivity. Similar
predictions are made for tiegh intensity pleasure scale, because this measures with how
much pleasure the infants respond to novel andihighsity stimuli. The sound modelling
task is of a higher intensity compared to the maendidelling task. Thactivity level scale

was included as a general measure of the infaatigity level and as an additional measure

of general arousal.

2.3. Method
2.3.1. Participants
Thirty-nine Infants were recruited as part of thistSteps longitudinal study (see
section 1.3 for more information). Due to a techhroblem the sound modelling data at
month 3 of one infant could not be used. The cumpaper reports on data gathered at 2 (M =
60 days, range = 46 to 66 days), 3 (M = 92 daygea 75 to 101 days) and 4 (M = 121

days, range = 111 to 128 days) months.

2.3.2. Procedure and design

Mothers brought their infants to a ‘baby breakfasthe lab. Infants were tested in a
separate room and when in a calm and alert stdtnts were seated in an infant seat in a
semi upright position. A female experimenter sdtamt of the infant with the infant’s face
approximately 25 cm away from the experimentertefd wo digital cameras, Sony Mini DV
DCR-PC110E, were used. One camera captured th&’'siface and the other camera the

experimenter. Both cameras were connected to athaaded into a Sony DV recorder in
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order to record a split screen image. Sound wamded with an AKA C 1000S microphone
placed next to the infant approximately 25 cm aivasn the infant's mouth. The
experimenter monitored the infant’s state throughesting and testing was paused when the
infant got upset or fell asleep.

Imitation measure. To assess early imitation infants were tested anitmitation
paradigms. We chose to use two imitation measorasgess the relationship between the
performance on both measures as well as the diffesein performance on these measures.
At 2 months infants were tested on the mouth modgparadigm designed by Meltzoff and
Moore (1983). This paradigm has been demonstrated successful at measuring early
imitation. In order to capture the full range ofpible responses it was vital in the current
study to include all infants. Pilot testing on thask had revealed testing before or after 2
months increased the risk of infants needing texmuded from analyses. In addition
Kugiumutzakis’ (1999) study demonstrated infantsied mouth opening and tongue
protrusion from birth till about 2.5 months. Funimore Fontaine (1984) demonstrated in his
study on facial imitation from birth till six monghithat two months was the only age at which
infants copied all four assessed gestures (tongateugion, mouth opening, cheek swelling
and closing eyes). Hence the mouth modelling pgradias assessed at two months.

The procedure in the current study was taken filogmprocedures used by Meltzoff
and Moore. Each infant was presented with two gestua mouth opening and a tongue
protrusion. Each gesture was modelled four timed feeconds with a 1 second pause, which
made up one trial. A trial was followed by a 20@®t pause before the next trial started. This
procedure was repeated until the infant had reddivese trials of each gesture. Trials were
blocked, so each infant received three trials & gesture before switching to three trials of

the other gesture. The order of the gestures wastedalanced across infants. When infants
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became upset they were given a break. Some infacgs/ed additional trials to ensure each
infant had received six complete trials during whilcey were in a calm and alert state.

In addition to the mouth modelling paradigm infamnese tested on a sound modelling
paradigm designed by Chen, Striano and Rakoczy)2&t®-, 3- and 4- months of age.
Similar to the mouth modelling paradigm this task bbeen proven to successfully measure
early imitation. The repeated measures design Wwasen to capture both early learning and
individual variability in early imitation. The ages testing were determined based on earlier
research by Kugiumutzakis (1999) where it was foufights as young as 32 minutes are
capable of matching the sound /a/ and from 2.5 hwahwards they become capable of
matching the sounds /m/ and /ang.

The procedure was highly similar to Meltzoff and di®'s mouth modelling paradigm
(Meltzoff & Moore, 1983) in order to maximize thkances for the infant to produce a match.
Each infant was presented with two sounds: a veaehd /a/ and a consonant sound /m/.
Each sound was modelled four times for 4 secontsavi second pause, which made up one
trial. A trial was followed by a 25 second paus®bethe next trial started. This procedure
was repeated until the infant had received foatgrof each sound. Trials were in blocks, so
each baby would get four trials of one sound be$wovitiching to four trials of the other sound.
The order was counterbalanced across infants. \ivifiénts became upset or sleepy they
were given a break. To make sure that all infaatsfeceived 8 complete trials during which
they were in a calm and alert state some infamtsived additional trials.

Attentional preference measure. To assess whether possible individual differemeces
imitation were related to temperament mothersdilleseveral scales of the Infant Behaviour
Questionnaire-Revised (Gartstein & Rothbart, 2@23) months. The scales used in the
current study werhigh intensity pleasure andvocal reactivity to assess specific preferences

for vocal stimuli and stimuli of a high intensity.
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Arousal measure. A measure of behavioural arousal during the sonadelling task
at 4 months was included to assess the alternatplanation that early imitative behaviours
are caused by an increased arousal response. Aveassaperationalized as the amount of
motor movement (see Thelen & Fisher, 1982) duimegtésting session. The session at 4
months was chosen based on the finding that atrthaahe highest number of infants
imitated at least one sound. Taetivity level scale of the IBQ-R was included as an

additional measure of general arousal in daily life

2.3.3. Coding

For the mouth modelling paradigm videos were cddetbngue protrusion and
mouth opening, with only the infants’ faces visibléae definitions for tongue protrusion and
mouth opening are taken from Meltzoff and Moore8@9 A mouth opening was coded when
the infant showed an abrupt jaw drop opening thatmacross the entire extent of the lips
and then returning to the resting position. Théimggosition was usually closed lips but
occasionally a very small opening remained. A t@ngrotrusion was defined as a clear
forward movement of the tongue such that it crossedack edge of the lower lip (see
Meltzoff & Moore, 1983 for a detailed descriptio®) second coder re-coded a random
sample of 20% of the videos to calculate the iaterrreliability. The intraclass correlation
coefficient (ICC) for mouth opening during moutheoyng trials was= 0.96, for mouth
opening during tongue protrusion triats: 0.85, for tongue protrusion during tongue
protrusion trialsr= 0.80, and for tongue protrusion during mouth apgrials:r= 0.88.

For the sound modelling paradigm videos were cadédthe sound off and only the
infants’ faces were visible. Infants’ mouth movensanere coded for mouth opening and
mouth clutching. Similar to the Chen et al. (208d)dy a mouth opening was interpreted as

matching the /a/ sound and a mouth clutching ashireg the /m/ sound. A mouth opening
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was coded when the lips would open from their ngsgiosition and would then return back to
their resting position. Yawns were included asrotieyawn would start as a normal mouth
opening and then progress into a yawn. Wide-opelesnvere also included. Mouth
movements due to sneezing, coughing and crying marencluded. A mouth clutching was
coded when the infant would press the lips togednerthen released it to a less tight resting
position or when the infant would move the lipskband forth once. Sucking on lips was not
included. A second coder recoded a random sam#6 &6 of the videos for reliability. The
mean ICC for the interrater reliability was: 0.83wnth two, 0.84 at month three, and 0.84
at month four.

To establish the level of arousal, videos at 4 in®mtere coded for behavioural
arousal by another coder unaware of the hypoth€s®ting was based on a behavioural
arousal coding scheme used by Thelen and Fish82)19nfants’ arousal was coded
continuously as one of four staté$:Asleep, 2) drowsy, 3)alert no gross motor movement, 4)
alert gross motor movement. Because testing was paused when the infant got apskeepy
only alert no gross motor movement andalert gross motor movement are reported herdlert
no gross motor movement was defined as infants being in a quiet alerestad not moving or
showing little movement (e.g. minor head turert gross motor movement was defined as
infants making large movements for example rapmbying their arms, moving their feet,
continuous head movements, and movements of ther ipoply such as arching of the back.
The behaviour needed to last at least 2 seconaisier to be classed as one of the above
states. In order to assess interrater reliabil#g@nd coder recoded 5 randomly chosen
videos. The videos were split into 5-second intlsraad for each interval it was assessed
whether both experimenters agreed on the arowstal sbserved during those 5-second

intervals. This resulted in a Kappa of 0.91.
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2.4. Results
2.4.1. Preliminary analyses

No infants were excluded from analyses. Data dichmeet the criteria for parametric
tests; therefore a log transformation was carrigicafter a constant of 1 was added to all
variables, which resulted in a normal distributairthe data. All results presented here are
based on the transformed data unless stated ofgerwi

Independent-samplégests were carried out to test for gender andraetiects for both
matching tasks. Several gender effects were foanddund modelling. BoydM=.66)
demonstrated higher rates of mouth opening duahgibdelling than girlsM=.48) at month
3,1(36)=2.18 p <.05. Boys K=.072) also demonstrated higher rates of mouthiaogen
during /m/ modelling at month 3 (girM= .51),t(36)= 2.12p<.05, and higher rates of mouth
opening during /a/ modelling at month 4 (bdys .50, girlsM=.32),t(37)= 2.19p< .05.
Separate analyses for boys and girls are reporéed mecessary. No gender effects were
found for the mouth modelling tasgy(> .28).

No order effects were foun@q > .08 for sound modellings > .06 for the mouth
modelling task) except for the rate of mouth opgrdaring mouth opening modelling in the
mouth modelling task(37)= -2.92p < .05. The rate of mouth opening during mouth opgni
modelling was highem=.62) when the modelling started with mouth oper@agompared
to when the modelling started with tongue protragld=.39). This could mean that when
starting with mouth opening infants were more kel match mouth opening. Hence,

separate analyses are reported where necessargt &#fes will be reported using
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2.4.2. Early imitation

To assess early imitation we compared infants’ t@ngrotrusion responses with their
mouth opening responses during the mouth modetiisky The mean rates in Table 1 suggest
that infants respond with more tongue protrusi@ntimouth opening overall. However, a
paired-samplestestcomparing the mean rate of tongue protrusir (57) with the mean
rate of mouth opening=.53) collapsed across condition revealed no sgant differences,

t(38)=.87,p> .05,r=. 14.

Table 1 Mean rates per minute and standard deviations of mouth movements during TP and
MO of the untransformed data

Month 2
Mean SD
During TP
Mouth opening 2.94 2.44
Tongue protrusion 3.46 3.37
During MO
Mouth opening 2.66 2.17
Tongue protrusion 4.09 3.79

To test for imitation at the group level two paksainples-tests were carried out
comparing tongue protrusion and mouth opening gest he first test compared the rate of
tongue protrusion with the rate of mouth openingrdutongue protrusion trials. The second
compared the rate of mouth opening with the rat®mdue protrusion during mouth opening
trials. The first paired-samplédest revealed no significant differences in ratesng the
tongue protrusion trial$(38) = .43 p > .05,r= .07. Infants tended to respond with similar

levels of mouth opening=.50) and tongue protrusioM§.49) gestures. The second test
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revealed no significant difference between tonguérpsion 1=.50) and mouth opening
(M=.47) during mouth opening tria§38)= -1.48p > .05,r= .23. Because preliminary
analyses revealed a significant effect for ordepasate analyses were conducted for the two
orders. This did not reveal a significant differemic rates of mouth opening and tongue

protrusion during mouth opening trials or tonguetgrsion trials for either order.

2.4.3. Repeated measures of early imitation

To assess early imitation over time, matching enstbund modelling paradigm was
measured at 2, 3 and 4 months. Means and standwiatidns for the sound modelling task
are shown in Table 2.

Table 2.Mean rates per minute and standard deviations of mouth movements during /a/ and
/nV of the untransformed data

Month 2 Month 3 Month 4
Mean SD Mean SD Mean SD

During /a/

Mouth opening 2.13 2.13 3.44 2.43 2.08 1.71

Mouth Clutching 1.98 1.75 242 1.71 1.37 1.38
During /m/

Mouth opening 2.45 1.76 4.31 3.87 1.92 1.42

Mouth clutching 1.89 1.64 2.19 1.38 1.75 1.36

The mean rates in Table 2 suggest infants respeaclbwith more mouth opening
than mouth clutching. Atest comparing mouth opening with mouth clutcheoapsed
across month 2, 3 and 4 revealed that infants reggbwith significantly more mouth

opening than mouth clutching37) = 3.14p < .05,r=.46.
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In order to test for imitation at the group lewebtpaired-sampleistests were carried
out at all three ages. The first compared theaateouth opening during /a/ trials with the
rate of mouth clutching during /a/ trials. No siiggant differences were found at month 2,
t(38) = -.21,p >.05,r= .03. At month 3 a significant difference was fdut(37) = 2.13,p <
.05,r=.33. Infants responded with higher rates of maygéning than mouth clutching during
/al trials. Preliminary analyses demonstrated algeeffect for mouth opening during /a/
trials so follow up-test for boys and girls separately were conducfbdse analyses revealed
a significant difference for boy§19)= 2.30, p< .05,=.46, but not for girl$(17)= .44,p> .05,
r=.11. Boys tended to respond with more mouth oge@= .66) than mouth clutching=
.49) during /a/ trials. At month 4 a trend for nfatg the sound /a/ was fourtd38) = 1.98,p
=.06,r=.31. Follow up analyses for boys and girls segéyatvealed that boys responded
with higher rates of mouth openinigl€.50) than mouth clutchindg=.31),t(20)= 2.60p<
.05,r=.50. No significant differences were found folgi(17)= .25p> .05,r=.06.

The second paired-sampletest compared the rate of mouth opening with ¢he of
mouth clutching during /m/ trials. Results showedsignificant difference between the rate
of mouth opening and mouth clutching at montl(23) = -1.73,p >.05,r=.27. A significant
difference was found at month 3 between the ratamith openingNl=.62) and the rate of
mouth clutching 1=.46) during the sound /m(37) = - 3.18,p < .05,r=.46. However the
observed relation was the opposite of the predistkdion: Infants responded with higher
rates of mouth opening than mouth clutching dutiveg/m/ trials. Follow up analyses
separately for boys and girls revealed a significkffierence for boys(19)= -.3.54p< .05,
r=.63. Boys tended to respond with higher raten@dfith openingNl=.72) than mouth
clutching M=.46). No significant difference was found for git(17)= -.86,p> .05,r=.20. No
significant differences in mouth movements werenfbtor the sound /m/ at montht438) =

-1.53,p >.05,r=.24. Even though infants seemed to be matchingaft®und at three months
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they also responded with more mouth opening thamtimdutching during /m/ modelling and
this effect seemed to be driven by the way boysarded. Similarly the matching findings of
the sound /a/ at month 4 seem to be due to therespsnding with significantly more mouth

opening than mouth clutching during /a/, while gub not respond significantly different.

2.4.4. Individual variability

One of the main goals of the current study wagsofor individual variability in
matching behaviour. For this reason we ensuredfalhts were included in the analyses and
in addition we used a repeated measures desigasdass individual variability in imitation
infants were divided into imitators and non-imitatol he definition of imitators and non-
imitators was based on the definition used by Feetaal. (2009). In their definition the infant
macaques did not need to match both mouth movertebts classed as an imitator but they
did need to show consistent imitation over timethie current study infants were classed as
imitators (N= 24) on the sound modelling task gyhncreased in matching over time, for
example from matching one sound to matching bathemained stable matchers over time
(based on the untransformed data). This group decliboth infants who matched both
sounds as well as infants who matched one soulmhgss they demonstrated consistent
matching. See Figure 1 for the individual patteshsnitation at month 2, 3 and 4. Non-
imitators (N= 14) were the infants who decreasechatching over time, did not match at all
or were unstable matchers. For the mouth modetiéisk, which was only measured at two
months, infants were classed as imitators (N=29nwinatching at least one of the two
gestures. A Chi-Square was used to assess whetaets who were imitators on the sound
modelling task were also imitators on the mouth etioth task. No relation was found
between imitators on the two task®,(1) = 1.01p >.05, and the phi statistic of .16 indicated

a weak relation.
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Figure 1. Individual trajectories of imitation on the soumadelling task, divided by imitators
(dark lines) and non-imitators (grey lines). -Aeimitation, -+ = imitation of /m/ sound, +- =
imitation of /a/ sound, ++ = imitation both sounds.

To assess whether the imitative responses coudfiained by arousal we compared
the imitators with the non-imitators during the sdunodelling task on their amount of time
spent in thelert gross motor movement or alert no gross motor movement state during the
sound modelling testing session at 4 months. Becaore spent in one state was the opposite
of time spent in the other state transforming thedlid not result in a normal distribution of
the variables. Time spent in no gross motor movemwas close to a normal distribution
after transformation, therefore both the non-patamanalyses on the untransformed data
and a t-test on the transformed data are repodszl An independent-sampletest on the
transformed data revealed no significant differeroetween imitatordM=1.31) and non
imitators M= 1.41) on their time spent in each arousal sté86)= 1.09p > .05,r=.16. A
Mann-Whitney test comparing imitators and non-itoita on the untransformed data revealed
a similar resultz=-0.79,p >.05 (see Table 3). Thus no significant differemes observed

between imitators and non-imitators on arousal.
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Table 3.Means and standard deviations for percentage of time spent in each arousal state for
imitators and non-imitators of the untransformed data

Imitators Non-imitators
Mean SD Mean SD
Gross motor 73.25 12.85 70.97 15.32
movement
No gross motor 26.75 12.85 29.03 15.32
movement

Infants’ temperament was assessed to examine whetheidual variability was
related to infants’ attentional preferences. Thanefve compared the scores ondhbevity
level scale, thevocal reactivity scale and thkigh intensity pleasure scale of the IBQ-R of the
imitators on the sound modelling task with the esarf the non-imitators on these scales.
Infants’ scores on the temperament scales metiieeia for parametric tests, so no
transformation of the data was needed. Indepeneests revealed no significant differences
between imitators and non-imitators on #oivity level scalet(36) = -0.99p >.05,r=.16
(Figure 2). However imitators did have significhigher scores on th@cal reactivity scale
and thehigh intensity pleasure scale t(36) = -2.32p <.05,r= .36;t(36) = -2.73p <.01,r= .41.
See also table 4 for the correlations between torg&non-imitators on each task and the

temperament scales.
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Mean score on IBQ-R

0
Activity Vocal High Activity Vocal High
level reactivity intensity reactivity intensity
pleasure pleasure
Sound modelling Mouth modelling

Figure 2. Mean scores and standard deviations for imitatngsnon-imitators in the sound
modelling and mouth modelling task on the IBQ-Riesa

Figure 2 also shows the same analyses for thetorstand non-imitators on the
mouth modelling task. Imitators and non-imitatoid ot differ on any of the three IBQ-R
scales included(36) = 0.12p >.05,r=.02 for activity level(36) = -1.18p >.05,r=.19 for

vocal reactivityt(36) = -1.18p >.05,r=.19 for high intensity pleasure.

Table 4.Correlations between imitation on mouth modelling and sound modelling tasks
(imitators =1, non-imitators =0)

Imitation Imitation Activity Vocal High
Mouth model Sound model Level Reactivity Intensity
Pleasure
Imitation 1 .16 -.03 19 .30
Mouth model
Imitation 16 1 16 .36 * A1+
Sound model
Activity level -.03 16 1 .63** .09
Vocal 19 .36* .63** 1 A41*
reactivity
High .30 A1x* .09 A41* 1
Intensity
Pleasure

* = significance level 0.05 (2-tailed)
** = significance level 0.01 (2-tailed)
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2.5. Discussion

The current study set out to assess to what ebdanting theories of imitation,
nativist theories of imitation and our own suggastof a third way for imitation combining
innate preferences and early learning, could egplaim early imitative behaviours and
individual variability. In order to do so we sett@aa answer three questions: Can we observe
early imitation at the group level? Can we obséndévidual differences in early imitation?
And are these individual differences related tam$’ attentional preferences? Infants were
tested in a longitudinal study on two early imatitasks known to have previously found
evidence for early imitation. In addition infantehavioural arousal was assessed to examine
the alternative explanation for early imitative belours proposed by learning theories.
Several temperament scales of the IBQ-R were aldoded to check whether individual

differences in early imitative behaviours couldrélated to infants’ attentional preferences.

2.5.1. Early imitation

Can we observe early imitation? The results ofi ltleé mouth modelling task and the
sound modelling task revealed no significant evidefior early imitation at the group level.
This result is different from many previous studs® have found evidence for early
imitation (e.g. Meltzoff & Moore, 1983; Chen, Stia& Rakoczy). In the current study no
infants were excluded from analyses, which is eomdifference compared to previous
studies which did report early imitation at thegvdevel. These studies of early imitation
often excluded large numbers of subjects, resuitirigss variability and a selective group of

subjects. This difference can account for the @m¢finding in the current study. By
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including every infant in our sample, however, vedidve our results reflect a more accurate

representation of the general population.

2.5.2. Individual variability

Can we observe individual differences in early andn? At the individual level
infants did display early imitative behaviours. ©telf of the sample demonstrated
consistent or increased imitative behaviour oveetiMoreover these behaviours were not the
result of increased arousal as measured both gvimiral arousal during testing and the
activity level scale on the IBQ. Bothe measures, assess aroudiffierent ways: behavioural
arousal during testing was assessed as the obsanted movement during an imitation
eliciting task, whileactivity level of the IBQ measures a general level of arousahdwutaily
activities. The finding that when using 2 very difnt measures of arousal no significant
relation was found with either measure, strengtloemsesult.

Are individual differences related to infants’ aiienal preferences? Results revealed
individual variability was related to infant chatastics. More specifically results revealed
that imitators on the sound modelling task had @igitores on both thcal reactivity scale
and thehigh intensity pleasure scale compared to non-imitators, while no sigatfiic
differences were found for imitators and non-inataton the mouth modelling task. This
result indicates a specific relation between agyegfce for vocal and high intensity stimuli

and performance on an imitation eliciting task ebaal nature.

2.5.3. Assessing all three accounts
As noted in the introduction nativist theories pegéetl we would observe imitation at
the group level. For both imitation tasks no siguaift imitation at the group level was found.

In addition nativist theories predict a relatiorvibeen imitation on the mouth modelling task
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with imitation in the sound modelling task. TheKaxf a significant relation between the two
imitation tasks is not supportive of a nativist @aat.

Learning theories predicted no early imitation wblné found. In case some early
imitative behaviours should be observed they cbel@éxplained as being an increased
arousal response. However the present resultstdgupport this idea. At the individual level
imitative behaviours were found and the behaviaumesnot accounted for by an increased
arousal response.

The third way for imitation predicted individualnability in imitative behaviours. In
addition, this individual variability would be ré&a to differences in attentional preferences
as measured by the IBQ-R (Gartstein & Rothbart3200he present findings are consistent
with these ideas. Individual differences in imibatiwere observed and moreover these
differences were related to the scores orvtoal reactivity scale and thehigh intensity
pleasure scale. This result supports our proposal that infant€raional preferences for
certain kinds of stimuli determine whether theyiangating in certain tasks and not in others.
The higher scores for imitators of the sound maadgtiask on theocal reactivity scale
indicate both a preference for and subsequent exyer with vocalizations and vocal
stimulation. This conclusion is strengthened byfihéing that imitators and non-imitators in
the mouth modelling task did not differ on taeal reactivity scale. In addition imitators in
the sound modelling task, thought to be of a highiensity in comparison with the mouth
modelling task, had higher scores on high intensity pleasure scale of the IBQ than non-
imitators. This was not the case for imitatorsha mouth modelling task, again
demonstrating a preference for specific kinds iofigli. The finding that imitation on one task
was not related to imitation in the other also sufspof a specific relation between attentional
preferences for vocal stimulation and performanta @ocal task and strengthens the idea

that infants differ in their attentional prefereace
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By focussing on individual variability in early itation by including every infant in
the analyses the current study has demonstrateththaativist-empiricist debate on imitation
has not resulted in theories that sufficiently explearly imitative behaviours and in
particular the individual variability observed iarly imitative behaviours. The current results,
however, do provide strong support that a dynantgractive approach, combining an innate
component with learning through experience, praviddetter fit.

An alternative explanation for why no imitationtaé group level was observed is that
by including every infant we increased the noiseroor variance in our study. This goes back
to the divide discussed in the introduction betwegperimentalists who focus on between
treatment differences and try to minimize indivituariance, and correlational psychologists
who focus on the individual variability observedween individuals. Correlational
psychologists would not interpret the variance olesgas error or noise, while
experimentalists do. In the present study we attedhfp combine both approaches. It is
important, however, that the present results gdicated in future studies. If the same results
are observed in different studies with differemhpées, then that will strengthen the case for
individual differences in imitation as meaningfofarmation, for combining both methods
and for our third way for imitation. Furthermoree weed to assess possible longitudinal
relations between the differences in imitative véhiar and attentional preferences in this
study with performance later on in developmenit é&lvantageous to a child’s development
to be an imitator on the vocal modelling task? Whahe longitudinal gain or loss to have an
attentional preference for vocal stimuli. Data hs\waer this type of questions is available as
part of the First Steps project and longitudindl i conducted in the near future.

The present study demonstrates a first attempsassing the predictions of the third
way for imitation. In doing so we have tried to dane experimental methods with the study

of individual differences. Although we have estahéd that arousal does not account for

58



early imitative behaviours, that an innate imitatgystem cannot fully account for the
observed variability between infants and tasksthatthese findings in combination with the
observed relation between differences in temperaamhdifferences in early imitation fit
best with the third way for imitation, the propo&al innate preferences that orient the
infant’s attention to specific stimuli remains te studied in more detail. For example to study
innate attentional preferences one would preferab$ess infants even younger than 2
months. It is however vital to include every infambrder to study the predictions of the third
way for imitation. Especially with very young infgrthis will remain a challenge.
Furthermore, in the current study we assessecetagan with innate attentional preferences
by using temperament measures. Even though nogaweiagrees on the exact definition,
most researchers agree on temperament emergiryg leairig relatively stable and
biologically rooted (Allport, 1961; Thomas & Ched$9,77), making it a suitable starting point
to study the role of child characteristics. Thauhessin the present study demonstrate that
these characteristics are related to specific idiffees in imitative behaviour. However, future
studies should attempt to also include alternatie¢hods for studying attentional
preferences, preferably one that can separateeimmaterences from early experience in a
better way.

We have established a relation between preferencadtending to and experience
with vocal stimuli and early imitation on a soundatelling task. However, other relations
between different imitative behaviours and atterdiqreferences are expected based on the
third way for imitation and these yet remain toshedied. Nevertheless, the results of the
current study demonstrate the importance of natdpeampered by the polarisation of the
nativist-empiricist debate on development whenghglearly imitation and of taking into

account individual differences. Our results suppadynamic interactive approach which
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views development as an ongoing interaction betvimgaie aspects and early learning

processes.
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Chapter 3. The role of spontaneous imitation in intating actions on objects: A diary

study.

3.1. Abstract

Over the past decades experimental studies hav@devably increased our knowledge of
‘when’ and ‘what’ infants are able to imitate. Howee, in contrast to elicited imitation, which
is readily studied in experimental settings, notchmis known about spontaneous imitation
because one cannot ‘elicit’ spontaneous imitatroexperimental studies. Therefore, the aim
of the present longitudinal study was to assessdlleeof spontaneous and elicited imitation in
the development of object imitation in the homeotigh the use of diary reports at 4- to 6-
months and 10- to 12- months of age. According wn@lirectional view of imitation, in
which the child is merely a receiver of externaputs, no major role for spontaneous
imitation is to be expected; instead one would ek@elarger role for imitative instances
which are elicited. However, if one assumes a dwuion from the child to its own
developmental process one would predict an impbrae for spontaneous imitation in the
development of object imitation during the firstayeof life. Results revealed a significant
increase in object imitation from the 4- to 6- nmompieriod to the 10- to 12- month period,
with the largest increase observed in spontaneautation. Furthermore spontaneous
imitation, but not elicited imitation, during 4- @ months significantly predicted the increase
in spontaneous imitation at 10- to 12- months of.athus the infants’ own initiative in
spontaneously imitating actions on objects inflemnthe development of object imitation

during the first year of life.
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3.2. Introduction

As mentioned in previous chapters, imitation israportant mechanism, especially in
infancy, for acquiring new skills and learning abseacial roles and rules. As a consequence
imitation in infancy has been readily studied usangariety of methods, such as observations,
experimental studies and diary reports. Diary gsithiave formed the basis of some of the
earliest studies of imitation. For example, Darws®ed his notes on the (imitative) behaviour
of his own son in order to study which behavioueserearned and which responses were
instinctive (Darwin, 1877; Burkhardt & Smith, 198 addition, Piaget (1962) used the
diaries he kept of his own children as a basifi®itheoretical model on the development of
imitation.

From the1970’s onwards researchers began to takinttings from early diary
studies to the laboratory to study imitation in moontrolled experimental settings. Over the
past decades these experimental studies have ecasliglincreased our knowledge on
‘when’ and ‘what’ infants are able to imitate. Fotample experimental studies have revealed
that contrary to what Piaget believed, infants icaitate facial gestures from very early on in
life (Meltzoff & Moore, 1977). However several gtiess concerning imitation and
spontaneous imitation in particular, have remaimeahswered. For example in contrast to
elicited imitation, which is readily studied in emental settings, not much is known about
the occurrence and development of spontaneoustiomtbecause one cannot ‘elicit’
spontaneous imitation in experimental studies. &loee, the aim of the present study was to
assess the role of spontaneous and elicited iomtati the development of imitation during

the first year of life in a naturalistic settin@gmely the home, through the use of diary reports.
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Experimental studies of imitation have revealedim$ can copy a vast array of
gestures, vocalizations, actions and even goalsma@dtions (Meltzoff and Moore, 1977,
1983; Field, Woodson, Greenberg and Cohen, 1988iukuutzakis, 1999; Chen, Striano &
Rakoczy, 2004; Barr, Dowden and Hayne, 1996; Caepe€all & Tomasello, 2005;
Carpenter, Akhtar & Tomasello, 1998). To accountlfiese findings and especially the
finding of early imitative abilities, several thés of imitation were developed over the past
decades.

Some of these theories assume an innate systamifation to account for early
imitative behaviours such as the Active Intermddapping system (AIM, Meltzoff &

Moore, 1989). AIM proposes an innate system thatdedect the equivalent between the
perceived act and the produced act and a proptivedeedback loop that enables infants to
match what they see onto their own body. Otherrtbe@ropose imitation to be a slow
learned process. These models are often baseddirsthat have failed to find evidence for
early imitation or challenge the explanations fog imitative behaviours and conclude that
there is no such thing as early imitation (LewiS#llivan, 1985; Anisfeld, 1996; Jones 1996;
Kokkinaki & Kugiumutzakis, 2000). What both typefstioeoretical models of imitation have
in common, however, is that they advocate a urstioeal view of development in which the
child is viewed as merely responding to environrakimputs, irrespective of whether these
responses are based on an innate system or ombparocesses.

Contrary to the unidirectional view of experimergaldies, studies on imitation in
naturalistic settings have often taken into accdl@tchild’s contribution to development.
These studies mostly involve observations of methint interactions. Flynn, Masur &
Eichorst (2004) for example conducted a study agsgsvhether the disposition to engage in
object-related activities would lead infants andimees to imitate more actions on objects and

whether being highly verbal would lead them to pi@& more verbal imitations, or whether,
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rather than disposition, variation in imitative b&tour depended on the opportunities to
imitate provided by the interactional partner. Rathers, opportunity was the strongest
predictor for imitation for both object related tation and verbal imitation. For infants,
however, disposition was the strongest predictamatation. Infants increased in object and
verbal imitation, while the number of opportunit@evided by the mothers remained
relatively stable and even decreased during somedse These results emphasize the
importance of taking a child’s contribution intocaant when studying imitative
development.

Several other studies on mother-infant interactiomaore natural settings also
demonstrated the interactive nature of developnmeraddition, these studies emphasize the
occurrence of spontaneous imitation and the higiab#ity in the observed frequencies of
imitation (Pawlby, 1977; Masur, 1987; Masur & Rodsr, 1999). Pawlby (1977) studied
the natural occurrence of imitative sequencessample of eight infants and their mothers
from 17 weeks till 43 weeks old by observing theeekly in ten minute observations. She
found that imitative sequences occurred frequettigt a wide range of activities were copied
including facial gestures, vocalizations and adion objects, that infants imitated their
mothers in about 20% of the total imitative insesmand that the frequency of mother’s
imitation remained stable over time but that inéantreased in imitation as they got older. In
addition, Masur & Rodemaker (1999) studied the snoeous occurrence of imitation in
mother-infant dyads based on observations duriteg o fifteen minute bath session and a
play session in the home, revealing similar resolBawlby regarding the frequency of
occurrence of imitative sequences. In addition tloeyd infants copied actions with objects
more than any other behaviour at 10- and 13- mobthd7 months infants’ vocal imitations
had increased considerably and kept increasing atéhths. Additionally they found

remarkable variation in imitativeness in both infaand mothers at each age. However,
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because they had no information about imitatiomigefen months they were unable to assess
the origin of this observed variability (Masur & &smaker, 1999). Thus, observational
studies in naturalistic settings have contributedur knowledge on the occurrence of
spontaneous imitation of actions and vocalizationsfants and their mothers, and have
contributed to an increased awareness of the shalohtribution to its own development.

One of the problems regarding the findings of theve mentioned mother-infant
interaction observations however, is that theybased on limited hours of video
observations. In the studies of Masur and colleagi&asur, 1987; Masur & Rodemaker,
1999; Flynn, Masur & Eichorst, 2004) infants webserved during a maximum of 15
minutes once every three to four months. In addjtio Pawlby’s (1977) study, even though
infants were observed weekly, the sessions ontgda0 minutes and observations were
conducted in the lab with the infant in an infagatsand only two toys present, instead of in
the home. Additionally these studies did not dieaniate whether or not the mother
encouraged her child to imitate or whether thenhfmitated her acts in a truly spontaneous
manner. Furthermore studies have thus far desctitegedbserved frequencies of spontaneous
imitation but have not addressed the specific oblgpontaneous imitation in the development
of imitation. Thus questions about the developnagat role of spontaneous imitation still
remain.

One way of overcoming the problem of limited hoof®bservations in observational
studies is assessing behaviours as they happke loime, by training mothers to record their
infant’s behaviours in a diary. However, as Boldgayis and Rafaeli (2003) point out, one
needs to implement several measures to ensurbilighaf the collected data. One is
providing appropriate training for the participatasminimize the risk of participants
selecting certain behaviours and overlooking oth&n®ther problem can be the recall

accuracy; to minimize the risk associated with,tbrgee can ask the participants to record the
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behaviour immediately after it occurred. Choosimg tight design is also vital. Time-based
designs require participants to record their exgpexes or a specified behaviour at
predetermined intervals, for example at the same gach day or after receiving a signal.
Time-based designs are often used when measurivayio@irs that occur relatively frequent
and when assessing within-person processes. Easetlilesigns require the participant to
report a behaviour or experience every time it eagpEvent-based designs are particularly
useful when assessing infrequent behaviours. Angibgsible disadvantage of diary studies
compared to experimental studies is the high leebmmitment that is often required. One
can reduce the burden for the participant by d@sggdiaries that only take several minutes to
complete. The current advantages in technology rtfageelatively easy to achieve, by using
electronic diaries such as a Palm Pilot.

The present study used an electronic diary meth@dsess both elicited and
spontaneous imitation as they occur in the homeuleout the possible problems with diary
methods we used Bolger et al.’s (2003) recommeodataind used an electronic diary instead
of a pencil and paper version, mothers receiveditrgito minimize the risk of participants
selecting certain behaviours and overlooking othemd mothers were asked to record the
behaviours as soon as possible. To assess thef spentaneous imitation in the
development of imitation and the variability in sp@neous imitation mothers recorded object
related imitative behaviours from 4- to 6- months again from 10- to 12- months indicating
whether they were spontaneous or elicited.

There have been a few recent diary studies ontiontaFor example Kuczynski,
Zahn-Waxler and Radke-Yarrow (1987) assessed thefamitation in early socialization
by asking 24 mothers to record imitative instarafeeir infants over an 8 month period.
They followed two age groups: in one age groupntsavere between 10- and 15- months at

the beginning of the study and the other age gomumgsisted of children aged between 21- and
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23- months at the beginning of the study. They tbunfiants decreased in immediate
imitation as they got older and increased in deférmitation with age. Imitations of
household tasks, caretaking and self-care tasksratseased with age. However, the large
variability in age between infants, even in the sage groups, and the cross-sectional nature
of the study make it difficult to draw strong camsions. In addition, Barr and Hayne (2003)
assessed the role of older siblings in imitatiaéeng by asking 300 parents of 12-, 15- and
18- month olds to keep diary records of their itdammitative behaviours for seven days.
They found that infants at each age learned otw@new behaviours per day through
imitation and that the type of imitation and whatdkof behaviours were imitated varied with
age and whether or not infants had an older siblmgddition they found infant’s imitative
behaviours at those ages were more often spontamempared to elicited. However, again
drawing strong conclusions about age related clsaisgdifficult because diaries were only
kept for seven days and because of the cross-sattiature of the study.

The aim of the present study was to assess spamtarand elicited object imitation in
infants in a study designed to overcome the problefiprevious diary and observational
studies. Therefore the present study assessed ahj&tion longitudinally using a diary
method during two three month periods: startingnfrehen the infants were 4 months until
they were 6 months and again when they were 102tononths. More specifically we
assessed the occurrence of spontaneous imitatiactiohs on objects, the role spontaneous
imitation plays in the development of object imatand the similarities and differences
between spontaneous and elicited imitation.

Very little is known about both object imitationder 6 months of age and
spontaneous imitation in general. We thereforendithave many specific hypotheses. We do
know from an earlier performed pilot study thattetion of simple objects can be observed

under 6 months of age. In addition, Piaget (19@&3cdbes a few instances of sporadic
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imitation involving an object before 6 months, heethe vast majority of his descriptions
during that stage do not involve objects. Basethemilot study and the few observations by
Piaget we expected to observe imitation on obgatsg the 4- to 6- month period, but with

a low frequency. Furthermore, object imitation wapected to increase over time as has been
observed in observational studies such as thoBawfby (1977) and Masur and Rodemaker
(1999).

Concerning the importance of spontaneous imitdtothe development of imitation
during the first year of life we assessed the mtemhs made by a unidirectional view of
development and that of an interactional viewonlé assumes a unidirectional view of
imitation in which the child is merely a receivdraxternal inputs to which it responds then
one would not expect a major role for spontaneoutation in the development of object
imitation during the first year of life, insteadewould expect a larger role for imitative
instances that are encouraged or instructed byititeraction partner, i.e. elicited imitation.
However, if one assumes a significant contributiarthe part of the child to its own
developmental process one would predict an impbrtde for spontaneous imitation in the

development of object imitation during the firsayef life.

3.3. Method
3.3.1. Participants
Thirty-nine infants and their mothers were recmite take part in the First Steps
longitudinal project. In the current study diargoeds of 27 infants, made by their mothers
during the period infants were between 4- and Gativ®old and during the period infants
were between 10- and 12- months old, are useddiBEg records of eleven infants were
excluded from analyses because reliability cheelsaled the mothers had not been able to

provide reliable information about their infant. ©additional infant was excluded because all
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object imitation related recordings were made ntloa® one month after the event had

occurred.

3.3.2. Apparatus

Diary records were made and kept on a hand-heid Paot (Palm z22). The Palm
computer was equipped with Experience Samplingr@arnndESP) software developed for
recording behavioural data. This software was tis@teate a standardized questionnaire to
record each observed behaviour (see appendix&@ffow chart of the questionnaire). The
guestionnaire was designed in such a way thaptucad all necessary detail yet required
very little time to fill in. The questionnaire aly@started with the instruction: ‘Describe what
happened’. Mothers were required to write down Wiagdpened before proceeding to the
second question asking them to choose the cateddmghaviour: motoric behaviour,
imitative behaviour or communicative behaviour. yieuld then go through one of three
separate routes which were interlinked at sevéaals in the questionnaire to make sure we
would capture behaviours that were for example battoric and imitative or imitative and
communicative. All three routes ended with the ¢joas‘If you would like to change or add
anything please note it here’, as mothers couldetatn to earlier questions to change
anything. For the data used in the current studthere would normally go through the
‘imitative-object route’ (see appendix 4). Howewshen mothers chose to go through a
different route it was still possible to determimkether an object was involved, either
through the description for the first instructiam,the answer to the instruction: ‘if any objects
were involved describe how’. Their answer to thegion: ‘was this behaviour copied?’ was
used to determine copying.

In addition mothers were given a folder with degdilnstructions on how to record

behaviours, including a trouble shooting guide tik@rmore, every three months mothers
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were given a “What-to-expect-sheet’, listing anglaiing the behaviours they should start

to look out for during the coming period to recandheir diary.

3.3.3. Procedure and design

Mothers first visited the lab during the finalga of their pregnancy. During this
meeting the project was explained, consent wasra@atdrom the mothers and mothers
received training in how to use the electronicyligm addition they were given their first set
of What-to-expect-sheets listing behaviours theyusthlook out for during the first three
months after birth. Behaviours were explained entlverbally and they were given written
descriptions in the What-to-expect-sheets. Theydiardy used an event-based design and
therefore mothers were instructed to record eablaweur three times as they happened or
shortly after they happened. In addition, motheesennstructed that some behaviours might
either not yet occur, or would have not been reedittiree times in the three month period. In
this case mothers were instructed to keep loolanghe behaviour in the months after the
three month period even if they had already receavaew list of behaviours to look out for.

After the infants were born mothers visited the éaery month for experimental
testing, mother-infant interaction observations tmdownload the data from their diary onto
our central diary database. Each month mothersvestevritten feedback on which
behaviours they had recorded, which behaviours stikyweeded to look out for and, where
needed, behaviours were explained to them agasddition mothers received phone calls

in-between visits to provide additional feedback.

3.3.4. Reliability and Coding
Mothers’ reliability of recording was assessed bgnparing their recordings on

simple motor behaviours with the experimental agsest of these behaviours, conducted as
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part of the larger First Steps project. The mothdviours used to assess this were: Palmar
grasp, pincer grip and walking. Palmar grasp wasssed during the 1-month visit to the lab
by placing a finger in the infant’'s palm. Pinceipgvas assessed in the lab when infants were
8-, 9- and 10- months old by having the infant pipkiwo pieces of colourful string from a
piece of cardboard. Walking was assessed in thedaty month from when infants were 11
months old by having the infant walk at least tweps towards their mother. To be counted
as reliable, mothers should have recorded the nbatioaviour in their diary by the time the
infant performed the behaviour in the lab. Whenhaat had failed to record one of the three
motor behaviours on time the data was deemed abteland excluded from analyses. This
was the case for eleven participants.

Object imitation. Next we screened all recordings in the 4- to 6nths period and the
10- to 12- month period for recordings on objedtation. The 4 month started on the day
the mothers had received the new What-to-expedtd$bethe 4- to 6- month period to make
sure she used the right definition of object innitat This period ended at the end of the sixth
month when she received the sheet for the nex¢ tmenths. The same procedure was
followed for defining the 10- to 12- month peridabject imitation was defined as any
imitative act involving an object. In a few casesthers accidentally recorded object
imitations under a different category, in that cieemothers’ descriptions of what had
happened were the main source of information. thtexh some motor behaviours that
involved an object, such as picking up an objeaghtrhave been copied. Even though the
mothers would have followed a different route ia uestionnaire, these behaviours were
included as object imitation as long as they inedlan object and were marked as imitated.
Combinations of object imitation with vocal imitati, gestural imitation or facial imitation

were excluded. Examples of the recorded behavemarshaking a rattle, pushing a button on
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a toy and tapping on a table during the 4-6 mosetiod and brushing hair, sweeping the floor
with a broom and brushing teeth during the 10-12tmeriod.

Spontaneous and dlicited imitation. For every recording the mother made in the diary
she had to state whether the behaviour was spantame encouraged/instructed, based on
the answer given, the object imitations were cldgsespontaneous or elicited.

Interrater reliability was assessed by a seconeércgding through the data of 6

infants (22%) and selecting instances of objectatiun, resulting in a Kappa of 0.84.
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3.4. Results

3.4.1. Preliminary analyses

Preliminary analyses revealed that the data wasiyely skewed. A log
transformation was used to transform the data wtashlted in a normal distribution of the
data. However, results of the analyses on thefoamed data were highly similar to the
results of the untransformed data; therefore resilthe untransformed data are reported

here.

3.4.2. Main analyses
The first step was to assess the frequency of bljetation during the 4- to 6- month
period and during the 10- to 12- month period. €abkhows the mean frequencies and

standard deviations for object imitation duringtbperiods. Effect sizes are reported using

Table 1.Means and standard deviations of the frequency of object imitation

Mean SD

Frequency object imitation 2.56 1.91
4-6 months

Frequency object imitation 9.78 7.64

10-12 months

As can be seen in Table 1 the frequency of oljeitation increased considerably
over time. A paired-samplédest revealed this increase was significg@6)= -5.28p < .05,

r=.72.
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Next the frequencies of spontaneous and elicitethtion were calculated. Table 2
shows the means and standard deviations of thedreigs of spontaneous and elicited

imitation during both periods.

Table 2.Means and standard deviations for the frequencies of spontaneous and elicited
imitation

Mean SD
Frequency of spontaneous 1.11 1.37
imitation 4-6 months
Frequency of elicited 1.37 1.52
imitation 4-6 months
Frequency of spontaneous 6.78 6.46
imitation 10-12 months
Frequency of elicited 3.00 2.24

imitation 10-12 months

Paired-sampleistests comparing the frequency of spontaneoustimitavith the
frequency of elicited imitation at each age reveéale significant difference at 4- to 6-
monthst(26)= -0.62p >.05,r=.12. However, at 10- to 12- months there wasitogmtly
more spontaneous imitation than elicited imitatigp6)= -3.31p < .05,r= .54. In addition, a
Wilcoxon Signed Ranks test comparing the frequarigpontaneous imitation at 4-6 months
with the frequency of spontaneous imitation attbd2- months revealed a significant
increase in spontaneous imitation over tini26)= -4.99p < .05,r=.70. A similar
comparison for the frequency of elicited imitatimvealed a significant increase over time in

elicited imitation t(26)= -2.90p < .05,r=.49 (see also Figure 1).
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Figurel. Frequencies for each infant of spontaneous (Gar#t)elicited (grey) imitation
during 4- to 6- months (upper graph) and 10-tol@ntis (lower graph)

To assess the role of spontaneous and elicitedtiontin the increase in spontaneous
imitation at 10- to 12- months, a Pearson correfatvas calculated between spontaneous
imitation at 4- to 6- months and spontaneous inoiteét 10- to 12- months. A significant
positive correlation was found between spontan@uaiation at 4- to 6- months and
spontaneous imitation at 10- to 12- montl¥s0.51,p < .05 (see Figure 2), while no
significant relation was found between elicitedtation at 4- to 6- months and spontaneous

imitation at 10- to 12- monthss= .18,p > .05 (see Table 3).
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Figure 2. Relation between spontaneous imitation at 4- tm@aths and sponatenous
imitation at 10- to 12- months.

Table 3.Corréelations.

Frequency Frequency Frequency Frequency
spontaneous 4-6 spontaneous elicited 4-6 elicited 10-12
10-12
Frequency 1 55** -41 37
spontaneous 4-6

Frequency S55** 1 -.02 .29

spontaneous
10-12

Frequency -41 -.02 1 -.31
elicited 4-6

Frequency 37 .29 -31 1
elicited 10-12

** significance level 0.01 (2-tailed)

To assess the role of spontaneous imitation in retail, a multiple regression was
carried out to assess a possible predictive relship between spontaneous imitation and/or
elicited imitation at 4- to 6- months and spontaenimitation at 10- to 12- months. A model
was specified with the frequency of spontaneoutaiion at 10- to 12- months as the

depenent variable and frequency of spontaneouationtat 4- to 6- months and frequency of
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elicited imitation at 4- to 6- months as predictariables. A backward selection method was
used. This revealed that the model with both ptedscsignificantly predicted the frequency
of spontaneous imitation at 10- to 12- months armbanted for 26% of the variand&= .26

, F (2,24)= 4.31p < .05. Beta values of the variables are showrainld 3. However, when
the frequency of elicited imitation at 4- to 6- nleswas removed, leaving just the frequency
of spontaneous imitation at 4- to 6- months asipted the model still significantly predicted
the frequency of spontaneous object imitation attd@2- months and explained 25% of the
variance R?= .25, F(1,24)= 8.47, p < .05 (see Table 4). Thisnge in the amount of variance
accounted for was not significant?cﬁgnge—- -.01, p > .05. Demonstrating that the frequerficy o
spontaneous imitation at 4- to 6- months playswgwortant role in the sharp increase of
sponatenous imitation at 10- to 12- months. In tamldi when looking at the beta values in
table 3, frequency of sponatneous imitation ab4-tmonths is the only significant predictor

of spontaneous imitation at 10- to 12- months @&.ag

Table 4.Beta coeffecients and their significance value of the predictorsin both models

Predictor Beta p
Model 1 Frequency of .52 <.05
spontaneous

imitation 4-6m

Frequency of elicited A2 > .05
imitation 4-6m

Model 2 Frequency of .50 <.05
Spontaneous

imitation 4-6m
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3.5. Discussion

The present study set out to assess the role afapeous imitation in object imitation
during the first year of life. We therefore colledtdetailed diary records from 27 mothers and
their infants on instances of object imitation dgrthe 4- to 6- month period and again during
the 10- to 12- month period. We were specificatigrested in the frequency of object
imitation in general during the 4- to 6- month perand in spontaneous and elicited imitation
during both periods. In addition, we were interdstethe possible relations between early
object imitation and later object imitation and #pecific role of spontaneous and/or elicited
imitation.

Analyses revealed that during the 4- to 6- montiogeobject imitations do occur but
with a relatively low frequency of an average 2ii€ances during the three month period. In
addition a sharp increase in the frequency of aljeitation was observed between the 4- to
6- month period and the 10- to 12- month periodhwhe frequency of object imitation
during the 10- to 12- month period averaging aro@u7@. This increase in frequency of
object imitation over time was significant. Theding of object imitation being present
before six months is consistent with our expectatibobserving object imitation before six
months but with a low frequency. This predictiomewer, was based on very little evidence
as it has proved to be difficult to measure objeitation experimentally before six months.
By using a diary method instead of an experimemtgthod to assess object imitation we have
demonstrated that infants are imitating actionslgects before six months of age. In
addition we expected infants to show an increasdjact imitation by the time they are 10-

to 12- months of age, this is exactly what was olegein the current study. This finding is
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consistent with results of an earlier observatiaadly that also reported an increase in object
imitation around this age (Masur & Rodemaker, 1999)

Further analysis revealed similar levels of elititand spontaneous imitation at 4- to
6- months. However, by the time infants are 1Gt2emonths they show significantly more
spontaneous imitation. Comparing elicited and spogus imitation at 4- to 6- months with
elicited and spontaneous imitation at 10- to 12nthe revealed both a significant increase in
spontaneous imitation over time as well as a sicamt increase in elicited imitation over
time.

Results furthermore revealed an important rolespmmtaneous imitation.

Spontaneous imitation at 4- to 6- months was pa@diticorrelated with spontaneous imitation
at 10- to 12- months. No significant relation wasrfd for elicited imitation at 4- to 6-

months with spontaneous imitation at 10- to 12- thenFurthermore a multiple regression
revealed that the model with only the frequencgmdntaneous imitation at 4- to 6- months as
predictor, as compared to a model including batlqdency of spontaneous imitation at 4- to
6- months and frequency of elicited imitation ate@6- months, was the best predictor for the
frequency of spontaneous imitation at 10- to 12nthse, explaining a quarter of its variance.
The finding that spontaneous rather than elicitedition plays an important role in the
development of imitation is an important one. Tharsnot much was known about the role of
spontaneous imitation because it is difficult tadstin an experimental setting.

In contrast a vast amount of research has beeregwett with the role of elicited
imitation. A theory concerned with the role of exfly instructing or eliciting learning is the
theory of pedagogy (Csibra & Gergely, 2006, 200%)s theory suggests infants are sensitive
to ostensive cues that signal a social parthesnsneunicating to them. Such cues include
direct eye-gaze and infant directed speech. CsibtdaGergely (2009) suggest that even

though infants do learn from adults by observingaweours that were not meant as a targeted
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ostensive demonstration, their learning fundambntalanges when ostensive cues are used.
Csibra and Gergely place great importance on iateilearning in infants and young
children and on the use of ostensive cues. Evargthave do not dismiss the importance of
teaching, or pedagogy, the findings of the prestmty provide a strong indication that it is
not the direct demonstrations or mothers’ attertgpteach the infant, e.g. elicited imitation,
but it is the infants’ spontaneous imitations tleaid to increased learning at least during the
first year of life.

Furthermore, the present results demonstrate thertance of taking into account the
child’s contribution to its own developmental preseMost theories and studies of
development have thus far, directly or indirectiglyocated a unidirectional view of
development in which the child simply receives emwmental inputs which elicit responses
from the child and influences development. Theltsesaf the present study demonstrate that
the child’s own initiative in spontaneously imitagi certain acts results in a sharper increase
in imitative learning towards the end of the fiystr of life. Thus a new more interactive
model of the development of imitation is needed takes into account both environmental

influences as well as child factors.
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Chapter 4. Selective and Faithful Imitation at 12-and 15- Months

4.1. Abstract

Imitation research in infancy has primarily focused assessingvhat and when infants
imitate. More recently, however, the questioshy infants imitate has received renewed
attention, partly motivated by the finding thatants sometimes selectively imitate the actions
of others and sometimes faithfully imitate, or cuaitate, the actions of others. The present
study evaluates the hypothesis that this varyintptime behaviour is related to infants’ social
traits. To do so, we assessed faithful and seleatnitation longitudinally at 12- and 15-
months, and extraversion at 15 months. Resultsatedethat 1) at both ages, selective
imitation was dependent on the causal structutbefict, 2) faithful imitation increased from
12- to 15- months, while selective imitation desexh and 3) at 15 months infants high in
extraversion were more faithful imitators than mtfa low in extraversion. These results
demonstrate that both selective and faithful inotatbegin earlier than previously thought,
and support the hypothesis that the shift fromctede to faithful imitation is caused by the

social motivations of the infant.
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4.2. Introduction

Much of the research on imitation has been condamith what andwhen infants and
young children are able to imitate. The resultth@f research indicate that infants are capable
of copying facial gestures from birth, vowel souffrden around four months, and simple
actions on objects between six and twelve montret@dff & Moore, 1983; Kuhl &

Meltzoff, 1996; Barr, Dowden & Hayne, 1996). By goanison few studies have addressed
why infants imitate. In this paper, we report a loandihal study investigating the relation
between developmental changes in what infants iengad why infants imitate.

In a seminal paper, Uzgiris (1981) suggested twovations to imitate: An
instrumental motivation to learn new skills, anslogial motivation to create and share
experience with social partners. She suggestednitiatly infants imitate for instrumental
reasons, and that they begin to imitate for sae@sons during the second year of life.

Importantly, the evidence on which Uzgiris basedgreposal differed for the two
motivations. She reviewed experimental studiestitating the instrumental motivations, and
observational studies of mother-infant interactithistrating the social motivations. In her
review, experimental evidence of social motivat®fimited to one study illustrating that the
child’s understanding of the interpersonal situatthanges around 16 months. In that study,
Killen and Uzgiris (1981) tested four age group%{,710-, 16- and 22- months) on imitation
of very simple actions on objects, socially appiateractions on objects and socially
inappropriate actions on objects. The youngesgagep copied simple actions only, and 10-
and 16-month olds copied simple actions and sgcgpropriate actions. The eldest group,
22-month olds, were the only group that copiedhakte types of action, including socially
inappropriate actions. Killen and Uzgiris (19813sened that if infants copy for purely

instrumental motivations, older infants should @ase in copying simple actions and socially
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appropriate actions. This was not the case. Uz({ifi81) concluded that by 22 months,
infants understand imitation as a social exchamgleaae motivated to maintain the social
interaction by imitating the actions of the so@altner, including the simple actions they
already fully understand.

Recently researchers have once more raised théaueswhy infants and children
imitate, motivated in part by demonstrations thaw they imitate varies according to context.
On some tasks, infants and children selectivelyataithe actions of others. For example,
Carpenter, Akhtar, and Tomasello (1998) demongirdiat 12- and 18- month olds imitate
selectively, copying intentionally marked actionsrenthan accidentally marked actions.
Other evidence also supports the claim that infantschildren imitate selectively, copying
goals and intentions and omitting other aspecth@imodel’'s actions (Bekkering,
Wohlschlager & Gattis, 2000; Carpenter, Call & Tealéo, 2005). On other tasks, however,
infants and children imitate faithfully, or overdtate, the actions of others, even to the extent
of copying unnecessary steps in an action sequ@&magger, Lariviere, Mumme & Bushnell,
2007; Horner & Whiten, 2005; Lyons, Young & KeiD@7; Lyons, Damrosch, Lin, Macris &
Keil, 2011; Nielsen, 2006). The contrast betwsaactive imitation in some contexts and
faithful imitation in other contexts has led to renewed interesthy ifants imitate. In the
present paper we report a longitudinal study, igasng developmental changes in selective
and faithful imitation and whether those changesiaftuenced by the motivation to maintain
social interactions.

One proposed explanation for the variable natuienaétion is that, as Uzgiris
proposed, humans have two different motivationsiitate, and imitative behaviour varies
according to the motivations, which are in turduehced by context. In some contexts,

infants and children use imitation to learn newiskincluding how to manage the
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affordances and cause-effect relations of objedtde in other contexts, they use imitation to
share experience with social partners.

In recent years a few studies have investigateththeence of context in eliciting
instrumental motivations. For example, Bruggerle2907) investigated whether infants
vary their imitative behaviour according to the saustructure of a modelled act by
modelling a sequence of two actions in two différausal contexts, and asking whether
behaviour differed in those two contexts. In tieeessary condition the first action was
causally necessary in order to produce the secctiwhaln theunnecessary condition the
first action was unnecessary in order to produeestitond action. Fourteen- to 16-month olds
were more likely to copy the first action when sswausally necessary than when it was not,
demonstrating that infants vary their imitative aelour depending on the causal structure
embedded in the demonstrated actions. Similaggnk and colleagues (2007, 2011)
reported a series of studies in which pre-schodétisfully imitated actions on a novel
object. He concluded that in unfamiliar situatiopie-schoolers use adults’ actions to infer
the causal structure of an act.

Correspondingly, a few studies have investigated tantext elicits social
motivations to imitate. These studies have usddtagth similar causal relations, but to a
different end. For example, Nielsen (2006) modetipdning a box with a tool, even though it
was easier to open with a hand. The social comtagtmanipulated by varying the model’s
behaviour: half of the participants saw the moa#hg socially and the other half saw the
model acting aloof. Eighteen-month olds were mikaly to use the tool in the social
condition than in the non-social condition. Twefdy-month olds were consistent in their
tool use in both conditions but were more succéssfopening the box when the model acted
socially. Nielsen concluded that infants were capyfor social reasons: infants persisted

longer in the social condition to sustain the Saoi@raction.
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In the same study Nielsen also demonstrate agiedethanges in selective and
faithful imitation. In a similar experiment he denstrated that 12 month olds copied
selectively unless they were given a logical redsaropy all actions. Twelve month olds
would only use the tool to open the box if they safailed hand demonstration followed by a
successful opening of the box using the tool. Comtbiwith the results of the other
experiments, Nielsen concluded that social cordaagtage both influence social motivations
to imitate, with infants becoming more faithful satiors around 18- to 24- months.

Interestingly, Brugger et al. (2007) also demonsttdhat social context influences the
faithfulness of imitation. In their study, in addit to the causal structure of the act, they also
manipulated the social context by varying the madsthaviour: in half of the trials the
model would act in a normal social manner whiletfer other half of the trials the model
would act in a non-social manner. Infants were nti@egy to copy the unnecessary step of an
action sequence when the model acted in a natocallsnanner compared to when the model
acted in a non-social manner.

The results of Brugger et al. (2007) and Nielsdl06) thus demonstrate that
instrumental and social motivations to imitate iafienced by context and by age. In
particular the evidence suggests a correspondestaebn selective imitation and an
instrumental motivation to imitate, and a corresperce between faithful imitation and a
social motivation to imitate. Manipulations of calieelations in a task suggest an
instrumental motivation is more likely to lead &extive imitation and manipulations of the
social behaviour of the model suggest a socialvabtn is more likely to lead to faithful
imitation. This builds on and goes beyond Uzgiti881) because it demonstrates specific
links between the type of motivation and the kimdhatative behaviour.

In the current study we examined this correspongl@sing the imitation paradigm

used by Brugger et al. (2007) with one importaffedence: the way we assessed infants’
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motivations to imitate. One problem with interpngtithe results of the Brugger et al. study
and the Nielsen (2006) study is that when a malatiing aloof, infants, on any task, will
almost certainly decrease in performance. Therafotiee present study, instead of
manipulating the behaviour of the model, we evadanfants’ broader social motivations by
assessing extraversion. Extraversion is a meas$uméaats’ desire to interact with other
people (Putham, Gartstein & Rothbart, 2006). Wearad that extraversion should
correspond to the social motivation to imitatehk proposed correspondence between the
social motivation to imitate and faithful imitati@xists, sociable infants, or those high in
extraversion, should be more likely to imitate ti&ily.

We assessed faithful and selective imitation larditally at 12- and 15- months
using the Brugger et al (2007) paradigm, consisbing two-step sequence of which the first
action is either causally necessary or unnecessanyler to perform the second action. This
paradigm has been proven to detect both selectiitation, when infants perform the first
action more often in the necessary condition thaunnecessary condition, and faithful
imitation, when infants also copy the first actiomshe unnecessary condition. Infants’ social
motivation was measured using the Early Childhoetidior Questionnaire developed by
Putnam et al. (2006). The facturgency in their measure can be seen as the child equivale
of extraversion and includes measures of socigpititpulsivity and positive anticipation.
Based on earlier findings (Brugger et al., 200&18&n, 2006; Uzgiris, 1981) we expected
infants who scored high on surgency to demonsinate faithful imitation than infants who
scored low on surgency. We expected this relabdretspecific to faithful imitation, and
therefore did not expect a similar relation betwselective imitation and surgency. In

addition we predicted that the tendency to copifally would increase with age.
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4.3. Method

4.3.1. Participants
Thirty-seven healthy infants were tested at 12 timoM = 365 days, range = 354 to
371 days) and 15 months (M = 458, range = 446 fodéys) as part of the First Steps

longitudinal study.

4.3.2. Apparatus

Stimuli were adapted from Brugger and colleag@2€€7). Four toys were used: Two
yellow and red wooden boxes containing a hidderataytwo toy trucks with a toy animal on
the front and one on the back of the truck. Pusthieganimal in the front seat caused music
to play and the wheels to spin (see Figure 1). Feaoh type of toy one was used in the
necessary condition and one in thennecessary condition. For the box in theecessary
condition a Velcro strap which was attached to the lid eflthx needed to be removed before
opening the lid. For the box in tlienecessary condition the Velcro strap was attached next
to the lid on the other half of the box. Thereftin@as unnecessary to remove the strap before
opening the lid. For the truck in timecessary condition a square cover made of plexi-glass
with a knob attached to the top was placed oveattimal in the front seat of the truck.
Therefore the cover needed to be removed in oocdeush the animal. In thenecessary
condition the cover was placed over the animal in the bé&tkeotruck and it was therefore
unnecessary to remove the cover before pushingrineal in the front seat. To minimize

memory effects the colours were changed for ably$ &t 15 months.
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Figure 1. The toys used in the necessary condition (left)the unnecessary condition
(right).
4.3.3. Procedure

Infants were seated on the lap of a secondaryriex@eter or on their mothers’ lap.
Mothers were instructed not to speak to their itsfam help their infants in any way. The
primary experimenter positioned herself at 90h®infant’s right. As soon as the infant was
settled the experimenter brought out the firstftoyn under the table. A two-step sequence
was modelled twice followed by a response peri@thEnodelling sequence started with the
experimenter saying: ‘Look what I've got! Shalliawv you how it works?’ followed by the
two-step sequence. For the box toy, regardlessradition, the sequence consisted of
removing the Velcro strap and opening the lid teeet the hidden toy. The only difference
between conditions was the position of the Veldraps either on the lid (necessary) or next
to the lid (unnecessary). After the infant’s tune toy was taken away and put out of view of

the infant and the next toy was brought out ontéiide. For the truck, regardless of condition,
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the sequence consisted of removing the plasticraawe pushing the animal on the front to
make the music play and the wheels spin. The affigrdnce between conditions was
whether the cover was placed over the animal irfrtireé (necessary) or over the animal in
the back (unnecessary). Infants were shown botstgp toys in both conditions in a
counterbalanced order. The order of the type of tegs alternated, e.g. truck, box, truck,
box.

A parent-report measure of infant temperament vgas to measure extraversion.
Mothers completed the Early Childhood Behavior Qoasaire (Putnam et al., 2006) at 15
months. In the current study only the scales oféletor surgency were includddothers
also completed the Infant Behavior Questionnairei$tel (IBQ-R) (Gartstein & Rothbart,
2003) at 4 months. The IBQ-R is not reported hieué we refer to it in the preliminary

analyses below which assessed stability of extsameisurgency over time.

4.3.4. Coding and analyses

Each testing session was recorded and later dooledvideo by a trained coder using
the Mangold Interact software for coding behavibdeda. The coder was blind to the
hypotheses but not the condition because the teys wsible in the video. The coder coded
the first actions of the sequence: removing thehestrap for the boxes and removing the
cover for the trucks. A second coder re-coded 25%evideos to allow assessment of
reliability (Kappa = 0.94p < .05 at 12 months and Kappa 9% .05 at 15 months).

The critical comparison for the imitation task weetween the number of first actions
copied in the necessary condition and the numb@rsbfactions copied in the unnecessary
condition. Selective imitation was operationalizedproducing a greater number of first

actions in the necessary condition as compardaetamnnecessary condition. Faithful
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imitation was operationalized as the total numbdirst actions copied: the higher the

number of first actions copied the more faithfud thfant’s imitative behaviour.

4.4. Results

4.4.1 Preliminary analyses

To assess whether infants were more likely to ¢bpyunnecessary action depending
on the order of experimental conditions, a KruskéHis test was carried out with the four
counterbalancing orders as a grouping variabletlaadirst actions copied in the unnecessary
condition with each toy as test variables. At 12nhthe no significant differences were found,
24(3) = 4.36,p > .05 for first actions with the box in the unnssary condition angf(3) =.60
p > .05 for first actions with the truck in the unessary condition. Similarly no significant
effects of order were found at 15 montf#3) = 3.34p > .05 for the box ang’(3) = 3.44p >
.05 for the truck.

To assess whether surgency was a stable factor isample, longitudinal analyses
were conducted comparing factor scores on extrenréssirgency from the IBQ-R at 4
months and the ECBQ at 15 months. These analysesd¢rated stability of
extraversion/surgency from 4 to 15 months,.43p < .05. This finding supported our
decision to use the factor surgency to asses&tagon between social motivations to imitate

and faithful imitation.

4.4.2. Main analyses

The first step was to assess whether infants iedtaelectively based on the causal
structure of the action sequence. Table 1 showm#ens and standard deviations for the
number of first actions copied in each conditios.tAe data was not normally distributed,

non-parametric tests were used, effect sizes pmatezl using. Wilcoxon Signed Ranks tests
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comparing the number of first actions copied inrieeessary condition with the number of
first actions copied in the unnecessary conditenealed selective imitation at both ages. At
both ages infants were more likely to copy the fation in the necessary condition than in

the unnecessary conditiarx, -4.54,p< .001,r=-.52;z= -2.83,p<.05,r= -.33.

Table 1.Means and standard deviations of first actions copied.

Month 12 Month 15
Mean SD Mean SD
First actions
Necessary 1.76 0.49 1.62 0.64
First actions 0.92 0.64 1.30 0.70

unnecessary

Next we assessed whether selective imitation clthngi® increasing age. To do so,
infants were divided into selective and non-selectmitators. For both ages infants were
classed as selective imitators if they copied nfioseactions in the necessary condition as
compared to the unnecessary condition. The otli@ntsiwere classed as non-selective. A
Cochran Q test, which is similar to a Friedman begtcan be used with dichotomous data,
was used to compare selective imitation at 12 nofk 0.70) with selective imitation at 15
months M= 0.30), revealing a significant decrease in seledmitation over timeQ (df=1,
n=37) = 8.05p<.05 (see Figure 2). To assess whether infantsgehiantheir amount of
faithful imitation during the same period a Wilcax8igned Ranks test compared the number
of first actions copied in the unnecessary conditib12 months\= 0.92) with the number

of first actions copied in the unnecessary condiib15 months\M= 1.30). This analysis
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revealed that the number of first actions copietheaunnecessary condition significantly

increased from 12 to 15 montlzs, -4.24,p< .05,r= -.49.

Number of infants
H
(6]

12m 15m
Age

Figure 2. Number of infants copying selectively at 12 mordhsg 15 months.

To assess the hypothesized relation between somital and faithful imitation, infants
were divided into a high and a low surgemgcgup based on a median split on their scores on
the surgency scale of the ECBQ (See Figure 3). Béxs$erial correlation was calculated
between surgendigh/low) and the total number of first actions copied. Teigealed a
medium positive relation between surgency anddta humber of first actions copied at 15
months,r,=0.44,p <.05. Thus a higher score on the surgency facttheECBQ is related
with more first actions copied, i.e. more faithiimitation. No such relation was found at 12
months. In addition a Pearson’s chi-square wasulzbd to assess whether surgency
(high/low) was related to selective imitation (yes. This revealed no significant relation at
either age (1) = .218,p > .05 at 12 monthg?(1) =.83 ,p > .05 at 15 months). The phi
statistic confirmed there was not a strong associat either age, phi was .08 at 12 months

and .15 at 15 months.
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Total First Actions M12 Total First Actions M15

Figure 3. Individual patterns of total first actions copiadl2- and 15 months for high-
surgency infants (dark lines) and low-surgencyntgggrey lines).

To further investigate the relation between surgeara faithful imitation, a Mann-
Whitney test was conducted comparing the numbérstfactions copied by the low
surgency group with the number of first actionsiedgy the high surgency group. This
revealed infants in the high surgency group copigdificantly more first actions than infants

in the low surgency grougs -1.98,p<.05,r=-.33 (see Figure 4).
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Figure 4. Means and standard deviations for number of fitdbas copied for the low
surgency and high surgency groups.

4.5. Discussion

We conducted a longitudinal study investigatingalegmental changes in selective
and faithful imitation and whether those changesiaftuenced by the motivation to maintain
social interactions. Our aim was to compare selecnd faithful imitation in a single
experimental task, and to investigate the socidlvation to imitate without the inherent
confounds of designs using an aloof experimenteour study, selective and faithful
imitation were measured at 12- and 15- months usmignitation paradigm developed by
Brugger et al. (2007) consisting of a two step segea in which the first action was either a
causally necessary or unnecessary step to perfe@eicond action. Social motivation was
measured as surgency on the ECBQ (Putnam et 86).20

Consistent with previous research, analyses regehbe infants imitate selectively
depending on the causal structure of an actionesexgu Infants were more likely to copy the
first action in the necessary condition comparethéunnecessary condition. In addition to
replicating findings from Brugger et al. (2007), avttemonstrated that 15-month olds copied
selectively depending on the physical propertiethefobjects, the present study extends these

findings to 12-month olds.
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Analyses on whether infants changed over time lectege and faithful imitation from
12- to 15- months revealed that infants signifigadecreased in selective imitation and
increased in faithful imitation. This is consistenth earlier findings by Nielsen (2006)
demonstrating that faithful and selective imitati@ry with age. Whereas Nielsen reported an
increase in faithful imitation from 18 months ondsrhowever, our results demonstrate that
this developmental change begins even earlier,dmivi2- and 15- months.

Our results indicate that the shift towards faitfutation begins around the age at
which infants also begin to share goals and petisfgscwith social partners. Tomasello,
Carpenter, Call, Behne and Moll (2005) argued @irtteview that infants have a strong
motivation to share emotional states from veryyeiarlife but that this motivation becomes
more sophisticated as infants get older, with itfdrecoming able to share goals and
perspectives with others from around 12 months oasva he finding that the shift towards
faithful imitation coincides with infants becomiadyle to share goals and perspectives with
others strengthens the idea that infants imitatbftdly because of a motivation to create a
shared experience with a social partner.

Comparisons between imitation and social traityvigefurther evidence supporting
the hypothesis that faithful imitation is a consegge of social motivations. Our results
indicate that the personality trait surgency, tifant equivalent of extraversion, is related to
faithful imitation at 15 months: infants high inrgency were more faithful imitators than
infants low in surgency. No such relation was foahd2 months. Importantly, no significant
relation was found between selective imitation andjency either, indicating that surgency is
solely related to faithful imitation. These findsgndicate that the increase in faithful
imitation is a consequence of social motivationfants are motivated to interact socially
with other people and to create shared experieniteother people, leading them to copy

the actions of others even when those actionsflaaitionality.
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To summarize, the present results demonstratethatfant imitation is influenced by
causal structure from 12 months onwards; 2) thié §bim selective to faithful imitation
begins between 12- and 15- months; and 3) thisishiifluenced by the social motivation to
maintain interactions with partners. Future redeaflould investigate how these important

developments in imitation at the beginning of tinstfyear influence imitation at later ages.
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5. Conclusions

5.1 Summary of results

The central topic of this thesis is the role ofiundual differences in the development
of imitation and how these individual differencegght reflect infants’ active involvement in
their own developmental process. More specificalhgpter two assessed the specific
relations between attentional preferences and ithgi@ differences in early imitation of facial
and vocal models. To assess this, imitation wassored at 2-, 3- and 4- months of age with a
facial modelling paradigm, similar to Meltzoff aMbore (1983), and a vocal modelling
paradigm similar to the one used by Chen, Striari®a&oczy (2004). Possible attentional
preferences were measured using three scales bfftime Behavior Questionnaire-Revised
(Gartstein & Rothbart, 2003): vocal reactivity, higtensity pleasure and activity level. In
addition infants’ behavioural arousal was assedsiitig the vocal modelling trials at 4
months. Large individual differences in imitatioen® observed. The observed individual
differences in imitation were not explained by aalland no significant relations between the
specific temperament scales and imitation of fatiatlels were found. However, specific
relations were present between vocal reactivityiemthtion of vocal models and between
high intensity pleasure and imitation of vocal misd&nfants who were more stable imitators
on the vocal modelling task had higher scores erdtlscales. This led to the conclusion that
infants who have an attentional preference for bsitauli, and as a consequence have more
experience with vocal stimulation, are more likelydemonstrate imitation of vocal models.

Chapter three assessed the role of spontaneowianitn the development of
imitation of actions on objects from 4- to 6-monthmil 10- to 12-months of age. To assess
spontaneous imitation a diary method was used. &fstimade diary recordings of all object

related imitation that occurred in the home andkeémhether it occurred spontaneously or
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whether it was encouraged or instructed. A sigarftancrease was observed in object related
imitations from the 4- to 6-month period to the 1®412-month period, with the largest
increase in spontaneous imitation. This increaspantaneous imitation was significantly
predicted by spontaneous imitation during the 4-taonth period and not by elicited
imitation. Thus, spontaneous imitation, rather tbhcited imitation, seemed to play an
important role in the development of imitation ofians on objects during the first year of

life.

Finally, the study in chapter four assessed whetttvidual differences in selective
and faithful imitation at 12- and 15- months wegkated to differences in sociability.
Selective and faithful imitation was measured usingaradigm adapted from a study by
Brugger, Lariviere, Mumme and Bushnell (2007). hifasaw a two step sequence in two
conditions: for half of the trials the first ste@svcausally necessary to be able to produce the
second step, for the other half of the trials th& tep was not causally necessary in order to
produce the second step. Sociability was meas.sieg the surgency scale, the child
equivalent of extraversion, of the Early Childhdehaviour Questionnaire (Putnam,
Gartstein & Rothbart, 2006). Results revealed areimse in faithful imitation, i.e. imitation
of necessary and unnecessary actions, from 15-tadnths and a decrease in selective
imitation, i.e. only imitating necessary actionsridg the same period. Moreover infants who
scored high on surgency demonstrated significantiye faithful imitation than infants who
scored low on the surgency scale. Thus infants avbanotivated to share experiences with a
social partner are more likely to copy faithfulhetactions of their social partner even if they

are unnecessary.
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5.2 General discussion

As mentioned in the previous section, the two gpmeaims of this thesis were to
establish the role of individual differences intiation during the first 15 months of life, and
related to this, to establish whether the obseméiwidual differences in imitation reflect
infants’ active involvement in their developmerpabcess. In the following section | will
evaluate the individual differences approach tdhg early imitation. Next | will elaborate
on the alternative model | proposed in chapterawan alternative to the two major
theoretical accounts, an innate account and aitepactcount, that have been dominating
research on the development of imitation. | wilhclude with discussing the limitations of

the studies in the present thesis and future domext

5.2.1. A focus on individual differences

In the present thesis | have adopted a focusdimidual differences in order to study
imitation during the first year of life. This apgch has largely been ignored in the study of
imitation in infancy and in research on infant depenent in general (Siegler, 2002). Instead
research has focussed on establishing what antiisfaapable of at what age.

One area of infant development where considerdt#ateon has been given to
individual differences is the area of motor devebent where variability is seen as an
important part of development (Piek, 2002; Smitfil8elen, 2003). In a recent review on
variability in motor development Piek (2002) debes how reduced variability on voluntary
motor tasks can be interpreted as increased wkille reduced variability in spontaneous
motor activity early on in life can also lead tsgeghan optimal development. Piek concludes

with the suggestion that Dynamic Systems theogytlseory which can account for both these
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situations, because it does not just describe bieitiabut also provides explanations for why
it Is occurring.

Dynamic Systems theory has been proposed by Smiti aelen (2003), based on
studies on motor development. It views developnasrdn ongoing self-organizing process,
and views individual variability as an importanusce of information. More specifically,
dynamic systems theory studies the relative stglafibehaviour over time in its particular
context. Even though Dynamic Systems theory focosasly on intra-individual variability
there are many similarities with the approach usdbe present thesis. Imitation was
measured under similar circumstances, in similatexds at multiple points close in time.
However, the individual differences approach usethe present thesis was to divide
similarly responding infants into groups to asselsat made these groups differ, which could
be viewed as an inter-individual variability appebaather than an intra-individual approach
(See also Siegler, 2002, on intra- and inter-irghiad variability). Both approaches place great
emphasis, however, on the importance of individaaiability in studying early imitation and
on the interaction between the child and envirortalexperience. The present findings of
variability in early imitation provide a clear densiration of the importance of taking into
account individual variability and in viewing deepiment as an ongoing interaction between
the child and its environment.

Related to the above mentioned importance ofrttezaction between the chid and its
environment is the second aim of this thesis, wiel to assess the active involvement of
the infant in its own developmental process by gisin individual differences approach. As
mentioned in earlier chapters, previous theoriesaoly imitation largely ignore a possible
active role of the infant in the developmental gsx However, in other areas of child
development several studies have assessed and steaed an active role of the child. For

example Goldin-Meadow and Mylander (1990) demonsiratheir review on the child’s role
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in acquiring language an important role for thdd:hihey review several studies with deaf
children who are unable to use spoken languagaandot exposed to conventional sign
language models. Still, the deaf children demorestraeveral structures in their way of
communication (gesturing) which are also foundanwentional language. In other words,
these children are capable of acquiring aspeatsmfentional language. The authors go on to
suggest that these structures or abilities mighbhbate structures that children bring to the
learning situation. Benson and Uzgiris (1986) alsmonstrated the role of an infant’s own
actions. They found that infants were better tite@ng a toy hidden in a hiding box when
they self-initiated moving around the hiding boarnhwhen they were carried around the box
(other-initiated) before being able to retrieve timg This led them to conclude that self
initiated experience facilitates their understagdwh spatial relations.

Both studies suggest an active role for the infiatheir own developmental process
but in a different way. Goldin-Meadow and Mylandeggest innate structures or abilities in
the child as the child’s contribution, while Bensand Uzgiris focus on (self-initiated)
experience. Both approaches correspond with tlinigs of the present thesis. In chapter two
the child’s contribution can be found in the attemal preferences and the interaction
between these child characteristics and the chédigronment. Furthermore, the findings in
chapter three can be seen as an example of i@l experience that drives the increase in
object imitation, while in the last study child caeteristics are demonstrated to influence
development of faithful imitation. Together withetfindings of previous studies in other
areas of development these results demonstratmgizetance of viewing development as a
bidirectional process of ongoing interactions bemvthe child and its environment.
Furthermore, the findings extent the demonstratarespossible child contribution to

development to the field of early imitation.
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5.2.2. A Dynamic-Interactive account of imitation

As described in chapter two, the two most dontitla@ories of early imitation, i.e. the
nativist account and learning account, are unabjgdvide an account of imitation that
sufficiently explains the findings of early imitati and the observed variability in early
imitation. The same is true for the findings in ptea three and four: Both accounts of
imitation do not fit well with the idea of an aativnvolvement of the child in its own
developmental process. According to the innate @tcthe infant is equipped at birth with a
system that determines the infants’ responseswiocgrmental stimulation, while the learning
account solely emphasizes the environmental infleaf the environment on the child’s
learning process.

The present findings encourage an alternative @gprto studying the development
of imitation. They demonstrate that taking into@aat individual differences as meaningful
information is important for assessing how imitataevelops. Furthermore, they suggest a
dynamic-interactive account of imitation, in whiah active role is assumed for both infant
characteristics and the social environment, arnhich the interaction between the two
determines development. Examples of similar apgrescan be found in the animal
literature: such as Marler’s ideas on how birdsugregbird song (Marler, 1991), and in human
development research: such as the idea of inteeasfiecialization for the development of the
infant social brain described by Johnson (2005)ciwhssumes that innate biases set up the
infant to attend to certain social inputs suchaze$. Another example is that of the dynamic
systems theory, described in the previous sec8omth & Thelen, 2003).

In chapter two | described an alternative accofimhgation during the first few
months of life, based on the idea of an interadhetween the child and its environment. In
Figure 1 | have provided a picture of the propadgtamic-interactive model (DIM). In this

account infants have a set of (social) attentipnederences that direct their attention to

102



certain (social) stimuli in the environment. In etlwords, these attentional preferences filter
the environmental stimulation. These attentionafgrences together with what is available in

the environment determine infants’ experiencesthadgubsequent learning processes.

Attention
(Social)
Attentional
Preferences
Binding
Environmental Motor

Stimulation Control

A

Self stimulation -

Others

Social

stimulatio

Figure 1. A Dynamic Interactive Model of early imitation.

The DIM model differs from nativists’ models such Meltzoff and Moore’s AIM
(1989) in that AIM assumes innate machinery thasdte binding between perceiving and
motor control for the infant. In the DIM model & the process that does the binding. It is also
different from current associative learning modelsich assume a direct associative link
between environmental stimulation and motor controthat learning in the DIM model
occurs a lot quicker because of the selection fanaif the (social) attentional preferences.
For this theoretical model to really work, it shdallso explain the results of chapter

three and four. In chapter three the large increasbéject imitation mainly consisted of
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spontaneous imitation, furthermore, the amounpohsaneous object imitation early on in
life predicted the increase in spontaneous imitatione way this result could fit with the
proposed theoretical model is that infants havattentional preference for objects, or maybe
more specifically for manipulating objects. Thigfis on objects might result in more
experience with observing and performing actionslgects, which subsequently influences
the learning process, which is demonstrated byamase in imitation of actions on objects.
In this case clear instructions or encouragemembisiecessary for an infant to learn to
imitate actions on objects.

In chapter four it was demonstrated that the moogsble, i.e. extraverted, infants
were more likely to demonstrate faithful imitatithvan their less sociable counterparts.
Surgency is a relatively stable trait, so infantevare more sociable might have attentional
preferences from early on in life that focuses tlmensocial interactions. Subsequently these
infants gain more experience with social interatiand will learn more about social
interactions and what they might involve. This cbsppeed up the learning process
concerning sharing experiences with others, esipediaring the 12- to 15-month period
which has been demonstrated to be the period inohwihfants become able to share goals and
perspectives (Tomasello, Carpenter, Call, Behned,\005). This experience is then
reflected in more faithful imitation at 15 montiNaturally, more research is necessary to
further explore both proposals, for example to ssséhether some infants might have more
of a preference towards objects than others andhe@hthese infants demonstrate a sharper
increase than infants who show less of a prefereawards objects. Furthermore, one needs
to assess whether infants who are rated as moigb$mat 15 months are also more sociable
or at least more focussed on social interactiohegam in life.

Based on the results of the present thesis, ond conclude that the proposed

attentional preferences are social in nature. Ealovhen considering that both the vocal
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reactivity scale and high intensity pleasure scafessubscales of the surgency factor of the
IBQ, which has demonstrated to be a stable facton #- to 15- months in the present
sample. Whether the attentional preferences aklelimited to social stimuli or social

interactions remains to be assessed.

5.2.3. Limitations

The findings in the present thesis highlight tigortance of using an individual
differences approach and taking into account tfents own contribution to development.
However, some limitations of the various method=dus this thesis need to be discussed as
it leads to some caution when interpreting the gmesesults.

First, the sample used throughout this thesimalls As part of the First Steps
longitudinal study 39 infants were followed for dfdnths. Due to the length of the study and
the monthly assessments, time constraints mean8®iafants was the maximum number to
be included in the First Steps study. However, wiging naturalistic observations and such
extensive longitudinal designs a sample of 39 aretones even smaller is relatively
common. For example, Killen and Uzgiris (1981) alsed 40 infants in a cross-sectional
design in mother-infant interactions. Masur and &odker (1999) observed 20 mothers and
their infants in a longitudinal study on imitatiagnsisting of two visits at the ages of 10-,
13-, 17- and 21-months. Kuczynski, Zahn-Waxler Radke-Yarrow (1987) assessed the role
of imitation in early socialization by asking 24 thers to record imitative instances of their
infants over an 8 month period in a diary. Thusnetv®ugh the sample seems small in
comparison to single time point experimental payad, it is common practice in longitudinal
studies and in studies using more naturalistic ogghFurthermore, these studies have

proven to have found reliable results that havenleplicated in other studies. The study by
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Masur and Rodemaker (1999) for example replicatedirfgs about the frequency of
occurrence of imitative instances of an earliedgtoy Pawlby (1977).

In addition, the findings in the present thesigesgpond with findings in others
studies. For example in chapter three the freqoecurrence of imitations of actions on
objects around the end of the first year is coastswith the findings of Masur and
Rodemaker (1999) and Pawlby (1977). Furthermoreabelts on selective imitation in
chapter four are also consistent with previous veuth as that of Brugger, Lariviere,
Mumme and Bushnell (2007). Although replicatiortlod findings with a larger sample size
remains desirable, the correspondence with previndsigs supports the idea that our
sample size was large enough to find reliable &ffec

Another possible limitation of the studies in tthesis is the use of parent report for
the measurement of temperament because of conafgpasents’ (un-)reliability in reporting.
To this end Rothbart (Rothbart, 1981; GartsteindHt®art, 2003) designed both
temperament questionnaires in such a way thatdhByask questions about recent events (in
the past week or past two weeks) and avoid askiegtpns where the parent needs to make
a comparison with other children. Even though tleeesexperimental assessments available
to establish infant temperament such as the Lab-{s&B Goldsmith & Rothbart, 1991 for a
description), parent report was chosen in the Stsps study to measure temperament in
order to minimize the time infants would spentxperimental testing sessions each month.
Furthermore, both the IBQ-R and ECBQ have been estahsively in previous research and
have demonstrated to be a reliable measure oftiafahtoddler temperament (Gartstein &
Rothbart 2003; Putnam, Gartstein & Rothbart 20B6jh measures also have demonstrated
reasonable stability over time, which was especiaiportant for measuring temperament in

a longitudinal sample (Rothbart, Ahadi, Hersheyri&her, 2001)Therefore, for the studies
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in the present thesis and in the First Steps prajegeneral, the IBQ-R and ECBQ were

considered the most appropriate methods for asgessnperament.

5.2.4. Future directions

Following from the discussed limitations and tligcdssion of the DIM model there
are several directions for future studies. Firsirerresearch is needed to assess the
application of the DIM model to other domains tlvaxal imitation, such as facial imitation
and object imitation or for social interaction mgenerally. Future studies should address
whether different types of preferences are reltdatifferences in imitation in these domains
and when these preferences can be first obsentbdr @ays of assessing attentional
preferences in addition to temperament measurddhbeuvexplored.

Secondly, in addition to extending the finding®tber domains, replicating the
findings with a larger sample size is also dese@aBbkpecially for the study in chapter two
which included every infant to study variabilityearly imitation. Including every infant was
a major difference from previous studies whichtiedifferent results, replicating these
findings, preferably with a larger sample, willestgthen the conclusion that it is important to
consider individual differences and will also styhren the findings on specific attentional
preferences.

Thirdly, several interesting questions remain tetuglied concerning the diary study
on spontaneous imitation. For example one couldsasshether there is a difference between
elicited imitation and spontaneous imitation in tieday between observing the act and
performing it. Furthermore, information about whatinfants were rewarded after their

spontaneous imitative act, either by their parentsy the action resulting in a fun outcome,
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could provide information about the mechanisms gty this increase in spontaneous
imitation.

Finally, future analyses of the longitudinal redas between the data presented in the
three separate studies in this thesis should beéuobed. It will be interesting to see whether
the infants who scored high on vocal reactivity amle classed as vocal imitators in chapter
two, are also the infants who have higher surgescoyes in the selective and faithful
imitation study in chapter four. Conducting longitoal analyses between several

experiments over the full 18 month age range valthe next goal of the First Steps project.

To summarize, the findings in the present thesigate the need for a dynamic-
interactive approach to study the development daton. An infant is clearly not simply the
‘receiver’ of environmental stimulation, and deyaleent is not just the result of the infant
reflecting back this environmental stimulation. ther seems the infant equipped with an
innate system to imitate that simply needs to neatinstead, development seems to be the
result of an ongoing interaction between child aelbtaristics and factors in the child’s social
environment. However, more research is neededstesagthe exact role the infant plays in its

own development.
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Appendix 1. Infant Behavior Questionnaire - Revised

© 2000
Mary K. Rothbart
Maria A. Gartstein

All Rights Reserved

Infant Behavior Questionnaire - Revised

Subject No. Date of Baby’s Birth

month. day year

Today's Date Age of Child

mos. weeks
Sex of Child

INSTRUCTIONS:

Please read carefully before starting:

As you read each description of the baby’s behawatow, please indicate how often the baby did this
during the LAST WEEK (the past seven days) by tigcbne of the numbers in the left column.
These numbers indicate how often you observedahavior described during the last week.
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(1) (2) ©) (4) (5) (6) (7) X)

Less Than More Than Does
Very Half the About Half Half the Almost Not
Never Rarely Time the Time Time Always  Always  Apply

The “Does Not Apply” (X) column is used when youl diot see the baby in the situation described
during the last week. For example, if the situatizentions the baby having to wait for food or
liquids and there was no time during the last webkn the baby had to wait, circle the (X) column.
“Does Not Apply” is different from “Never” (1). “Bver” is used when you saw the baby in the
situation but the baby never engaged in the behésted during the last week. For example, if the
baby did have to wait for food or liquids at leaste but never cried loudly while waiting, circhet
(1) column.

Please be sure to circle a number for eviem.

Feeding

During feeding, how often did the baby:

123456 7 X....(1)lie orgiietly?
1 2 3 456 7 X....(2squirmkak?
1 2 3 456 7 X....(3)wave aPms

X

. . .. (4) noticenlpy texture in food (e.g., oatmeal)?

In the last week, while being fed in your lap, hoften did the baby:

1 23 456 7 X....(5seemnmyg the closeness?
1 2 3 456 7 X....(6)snugglerafter she was done?

1 2 3 456 7 X....(7)seem eagget away as soon as the feeding was over?

How often did your baby make talking sounds:

1 23 456 7 X....(8)whilewuag in a high chair for food?
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1 23 456 7 X....(9) when sihes ready for more food?

1 2 3 45 6 7 X....(10)whenesftas had enough to eat?

Sleeping

Before falling asleep at night during the last wedwssw often did the baby:

1 23 45 6 7 X....(11) showfassing or crying?

During sleep, how often did the baby:

1 23 456 7 X....(12)tossatda the crib?
1 2 3 45 6 7 X....(13) movenfrthe middle to the end of the crib?

1 2 3 456 7 X....(14) sleewire position only?

After sleeping, how often did the baby:

1 2 3 45 6 7 X....(15) fuscoyimmediately?
1 2 3 456 7 X....(16) playetly in the crib?

1 23 456 7 X....(17)crydmseone doesn't come within a few minutes?

How often did the baby:

1 2 3 456 7 X....(18)seemrarigrying and fussing) when you left
her/him in the crib?
1 2 3 456 7 X....(19) seemteated when left in the crib?

1 2 3 45 6 7 X....(20)cryas$ before going to sleep for naps?

When going to sleep at night, how often did younypa

1 2 3 456 7 X....(21) fallesp within 10 minutes?
1 2 3 45 6 7 X....(22) haveaadtime settling down to sleep?

1 2 3 456 7 X....(23)setttevh to sleep easily?
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When vour baby awoke at night, how often did s/he:

1 23 456 7 X....(24) haveaadtime going back to sleep?

1 2 3 456 7 X....(25)go btalsleepimmediately?

When put down for a nap, how often did your baby:

12

12

When it was time for bed or a nap and your babyndidwant to go, how often did s/he:

3

3

4

4

5

5

6

6

7

7

X.o...

X
X..o..
X

(26) stay kevéor a long time?

. (27) go teepp immediately?

(28) setttmwvth quickly?

. (29) haveaadtime settling down?

123456 7 X....(30)whimgersob?

1 23 456 7 X....(31) becomartul?

When being dressed or undressed during the ladt, weev often did the baby:

Bathing and Dressing

12

12

3

3

4

4

5

5

6

6

7

7

X...

X
X..o..
X

. (32) wave/hisrarms and kick?

. (33) squirndéor try to roll away?

(34) smildaugh?

. (35) coo ocalize?

When put into the bath water, how often did theybab

1 2 3 456 7 X....(36)smie?

123 456 7 X....(37)laugh?

1 2 3 456 7 X....(38)splashkick?
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1 23 456 7 X....(39)turn pahd/or squirm?

When face was washed, how often did the baby:

1 23 456 7 X....(40) smildaugh?
1 23 456 7 X....(41 fusco?

123 456 7 X....(42)co0?

When hair was washed, how often did the baby:

12 3 456 7 X....(43)smile?
1 2 3 456 7 X....(44) fusxo?

1 23 456 7 X....(45)vocalize

How often during the last week did the baby:

1 2 3 45 6 7 X....(46)lookattures in books and/or magazines for
2-5 minutes at a time?
1 2 3 45 6 7 X....(47) lookpattures in books and/or magazines for
5 minutes or longer at a time?
1 2 3 45 6 7 X....(48)star@aanobile, crib bumper or picture for
5 minutes or longer?
. (49) playhvine toy or object for 5-10 minutes?
. (50) playhwviine toy or object for 10 minutes or longer?
. (51) spemddijust looking at playthings?
. (52) repdat same sounds over and over again?

. (53) laugbwad in play?

N
N
w
SN
&
o
~
X X X X X X

. (54) repdwt same movement with an object for 2
minutes or longer (e.g., putting a block icug, kicking

or hitting a mobile)?
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. (55) pay atien to your reading during most of the story

when looking at picture books?

. (56) smildaugh after accomplishing something (e.g.,

stacking blocks, etc.)?

. (57) smildaugh when given a toy?

. (58) smildaugh when tickled?

How often during the last week did the baby enjoy:

1

1

= = =

=

2

2

3

3

4

4

5

5

6

6

7

N NN NN NN
X X X X X X X X

\l

X...

X X X X

. (59) beingguo?

. (60) beingado?

. (61) hearihg sound of words, as in nursery rhymes?

. (62) lookiagpicture books?

. (63) gentigthmic activities, such as rocking or swaying?
. (64) lyingietly and examining his/her fingers or toes?

. (65) beingkted by you or someone else in your family?

. (66) beingalved in rambunctious play?

. (67) watchimlgile you, or another adult, playfully

made faces?

. (68) touchmglying next to stuffed animals?
. (69) the feekoft blankets ?
. (70) beingedlup in a warm blanket?

. (72) listenitaga musical toy in a crib?

123



When playing quietly with one of her/his favorits/$, how often did your baby:

1 23 456 7 X....(72)showgsere?
1 2 3 45 6 7 X....(73)enjoinlyin the crib for more than 5 minutes?

1 2 3 45 6 7 X....(74) enjoinlyin the crib for more than 10 minutes?

When something the baby was playing with had tcebsoved, how often did s/he:

1 2 3 45 6 7 X....(75)cry bow distress for a time?

1 2 3 456 7 X....(76) seembathered?

When tossed around playfully how often did the baby

1 2 3 456 7 X....(77) smile?

123456 7 X....(78) laugh?

During a peekaboo game, how often did the baby:

12 3 456 7 X....(79) smile?

123456 7 X....(80)laugh?

How often did your baby enjoy bouncing up and down:

1 2 3 456 7 X....(81)whileyourlap?

1 2 3 456 7 X....(82)on afech such as a bed, bouncer chair, or toy?

How often did the infant look up from playing:

1 23 456 7 X....(83)whentaephone rang?

1 2 3 456 7 X....(84) wheneslteard voices in the next room?

When your baby saw a toy s/he wanted, how oftersAlid:

1 2 3 45 6 7 X....(85)getvergited about getting it?
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1 23 456 7 X....(86)immedlgtgo after it?

When given a new toy, how often did your baby:

1 2 3 45 6 7 X....(87)getvergited about getting it?
1 2 3 45 6 7 X....(88) immedgtgo afterit?

1 2 3 456 7 X....(89 seemtooget very excited about it?

Daily Activities

How often during the last week did the baby:

1 23 456 7 X....(90)crybow distress at a change in parents’
appearance, (glasses off, shower cap on?etc.
1 2 3 45 6 7 X....(91) wheraiposition to see the television set,

look at it for 2 to 5 minutes at a time?
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How often during the last week did the baby:

1 23 456 7 X....(92) wheraiposition to see the television set,

x

X X X X

look at it for 5 minutes or longer?

. (93) protiesing placed in a confining place (infant

seat, play pen, car seat, etc)?

. (94) stadtea sudden change in body position (for

example, when moved suddenly)?

. (95) appesligten to even very quiet sounds?

chimes or water sprinklers)?

. (97) moveaily toward new objects?
. (98) showtraisg desire for something s/he wanted?
. (99) stattiea loud or sudden noise?

. (100) lookchildren playing in the park or on the

playground for 5 minutes or longer?

. (101) watchulss performing household activities

(e.g., cooking, etc.) for more than 5 n@s®?

. (102) squarashout when excited?
. (103) imitéibe sounds you made?

. (104) seemiex when you or other adults acted in an

excited manner around him/her?

When being held, how often did the baby:

1

1

2

2

3

3

4

4

5

5

6

6

7

7

X X X X

. (105) pullamor kick?
. (106) seerenipy him/herself?
. (107) moldytour body?

. (108) squirm?

. (96) attendsights or sounds when outdoors (for example, wind
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When placed on his/her back, how often did the baby

12

12

3

3

4

4

5

5

6

6

7

7

X.o...

X
X....
X

(109) fusgpootest?

. (110) smitdaugh?

(111) wavenarand kick?

. (112) squind/or turn body?

When the baby wanted something, how often did s/he:

1 2 3 456 7 X....(113) becamset when s/he could not get what s/he wanted?

1 2 3 45 6 7 X....(114) havaettams (crying, screaming, face red, etc.)

when s/he did not get what s/he wanted?

When placed in an infant seat or car seat, hownafig the baby:

12

12

3

3

4

4

5

5

6

6

7

7

X.o...

X
X..o..
X

(115) wavenarand kick?

. (116) squind turn body?

(117) liegirquietly?

. (118) showtrdiss at first; then quiet down?

When frustrated with something, how often did ybaby:

1 2 3 456 7 X....(119) calmmowithin 5 minutes?

When your baby was upset about something, how diitts/he:

1 2 3 45 6 7 X....(120) stageipfor up to 10 minutes or longer?

1 2 3 456 7 X....(121) stagetpfor up to 20 minutes or longer?

1 2 3 456 7 X....(122) sootlee/himself with other things (such as a stuffed

animal, or blanket)?

When rocked or hugged, in the last week, how afidnyour baby
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1 2 3 456 7 X....(123) seerengpy her/himself?
1 2 3 45 6 7 X....(124) seeraader to get away?

1 2 3 45 6 7 X....(125) maketpsting noises?

When reuniting after having been away during tis¢ Weeek how often did the baby:

1 2 3 456 7 X....(126) seemmfpy being held?
1 2 3 45 6 7 X....(127) shotenest in being close, but resisted being held?

1 2 3 456 7 X....(128) shostdiss at being held?

When being carried, in the last week, how oftenydidr baby:

1 2 3 456 7 X....(129) seerengpy him/herself?

1 2 3 45 6 7 X....(130) pushiagt you until put down?

While sitting in your lap:

1 23 456 7 X....(131) howeoidid your baby seem to enjoy her/himself?

1 2 3 456 7 X....(132) howeoftwould the baby not be content without movingiad?

How often did your baby notice:

1 2 3 456 7 X....(133)lowghed noises, air conditioner, heating system, or
refrigerator running or starting up?

. (134) sirdémmsn fire trucks or ambulances at a distance?

. (135) a chmmgroom temperature?

. (136) a chaglight when a cloud passed over the sun?

. (137) souicuo airplane passing overhead?

. (138) a borda squirrel up in a tree?

=
N
w
D
o
o
~
X X X X X X

. (139) fabnwish scratchy texture (e.g., wool)?

When tired, how often was your baby:

123456 7 X....(140) liketycry?
128



123456 7 X....(141) shostdiss?

At the end of an exciting day, how often did yoabi:

1 23 456 7 X....(142) becamaful?

123456 7 X....(143) shostdiss?

For no apparent reason, how often did your baby:

123456 7 X....(144) appead?

1 2 3 45 6 7 X....(145)seemesponsive?

How often did your baby make talking sounds when:

1 23 456 7 X....(146) ridimga car?

1 23 456 7 X....(147) ridimga shopping cart?

1 2 3 456 7 X....(148) yok&d to her/him?

Two Week Time Span

When you returned from having been away and thg bals awake, how often did s/he:

123456 7 X....(149) smitdaugh?

When introduced to an unfamiliar adult, how oftédh tthe baby:

12

12

3

3

4

4

5

5

6

6

7

7

X....

X
X. ..
X

(150) climgat parent?

. (151) refuseo to the unfamiliar person?
. (152) hanglbfrom the adult?

. (153) neveafm up” to the unfamiliar adult?

When in the presence of several unfamiliar adbtisy often did the baby:

1 2 3 456 7 X....(154) climya parent?
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123456 7 X....(155)cry?

1 2 3 45 6 7 X....(156)congrto be upset for 10 minutes or longer?

When visiting a new place, how often did the baby:

1 2 3 45 6 7 X....(157) showstdiss for the first few minutes?

123456 7 X . (158) contrto be upset for 10 minutes or more?

1 2 3 456 7 X....(159) getieeat about exploring new surroundings?
X . (160) moveuatbactively when s/he is exploring new

surroundings?

When your baby was approached by an unfamiliaopensien you and s/he were out (oample,
shopping), how often did the baby:

123456 7 X....(161) shdstess?

123456 7 X....(162) cry?

When an unfamiliar adult came to your home or apant, how often did your baby:

1 23 456 7 X....(163)alloertnimself to be picked up without protest?

1 2 3 456 7 X....(164) crywltee visitor attempted to pick her/him up?

When in a crowd of people, how often did the baby:

1 23 456 7 X....(165) seerengpy him/herself?

Did the baby seem sad when:

1 2 3 456 7 X....(166) caregiis gone for an unusually long period of time?
1 23 456 7 X....(167) lebad/unattended in a crib or a playpen for an

extended period of time?
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When you were busy with another activity, and vioaipy was not able to get your attention, how
often did s/he:

123456 7 X....(168)beccsad?

123 456 7 X....(169)cry?

When your baby saw another baby crying, how ofidrsthe:

123456 7 X....(170) becaemful?

1 2 3 456 7 X....(171) showstdiss?

When familiar relatives/friends came to visit, hoften did your baby:

123456 7 X....(172) getieedt?

1 2 3 456 7 X....(173) seeqifferent?

Soothing Technigues

Have you tried any of the following soothing teares in the last two weeks? If so, how quickly did
your baby soothe using each of these techniquesie CX) if you did not try the technique duringgth
LAST TWO WEEKS

When rocking your baby, how often did s/he:

123456 7 X....(174) soothe immexli&
123456 7 X....(175) not soothe imaiately, but in the first two minutes?

123456 7 X....(176)take more th@rminutes to soothe?

When singing or talking to your baby, how often dibe:

1234567 X....(177) soothe immeadig
123456 7 X....(178) not soothe imaiately, but in the first two minutes?

123456 7 X....(179)take more th@rminutes to soothe?
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When walking with the baby, how often did s/he:

123456 7 X....(180) soothe immeli&
123456 7 X....(181) not soothe ipaiately, but in the first two minutes?

123456 7 X....(182)take more th@rminutes to soothe?

When giving him/her a toy, how often did the baby:

123456 7 X....(183)soothe immeaig
123456 7 X....(184) not soothe imaiately, but in the first two minutes?

123456 7 X....(185)take more th@rminutes to soothe?

When showing the baby something to look at, howrottid s/he:

123456 7 X....(186) soothe immei&
123456 7 X....(187) not soothe imaimately, but in the first two minutes?

123456 7 X....(188)take more th@rminutes to soothe?

When patting or gently rubbing some part of theyimbody, how often did s/he:

123456 7 X....(189) soothe immei&
123456 7 X....(190) not soothe imaiately, but in the first two minutes?

1234567 X....(191) take more th@rminutes to soothe?
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Scoring Procedure

INFANT BEHAVIOR QUESTIONNAIRE - REVISED

Scale scores for the Infant Behavior Questionnaievised represent the mean score of all scale
items applicable to the child, as judged by thegaer. Scales' scores are to be computed by the
following method:

1. Sum all numerical item responses for a givetesddote that:
a) If caregiver omitted an item, that item receime numerical score;
b) If caregiver checked the "does not apply" respaoption for an item, that item

receives no numerical score;

C) Items indicated with an R are reverse itemsrangt be scored in the following way:

7 becomes 1 3 becomes 5

6 becomes 2 2 becomes 6

5 becomes 3 1 becomes 7

4 remains 4

2. Divide the total by the number of items recegvinnumerical response. Do not include items

marked "does not apply (N/A)" or items receivingrasponse in determining the number of
items.

For example, given a sum of 47 for a scale oftdi&$, with one item receiving no response,
two items marked "does not apply,” and 9 itemsivaog a numerical response, the sum of 47
would be divided by 9 to yield a mean of 5.22 fog scale score.
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©Mary K. Rothbart, Ph.D.

Maria A. Gartstein, Ph.D.

Infant Behavior Questionnaire - Revised:
Items by Scale

(May 24, 2000)

I. Activity Level (15 items; .82, .70, .78*)

Definition: Baby's gross motor activity, includimgovement of arms and legs, squirming, and
locomotor activity.

Feeding: During feeding, how often did the baby:

1R lie or sit quietly?

2 squirm or kick?

3 wave arms?

Sleeping: During sleep, how often did the baby:

12 toss about in the crib?

13 move from the middle to the end of the crib?
14R sleep in one position only?

Bathing and When being dressed or undressed dilmnlgst week,
Dressing: how often did the baby:

32 wave his/her arms and kick?

33 squirm and/or try to roll away?
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When put into the bath water, how often didlhby:

38 splash or kick?

39 turn body and/or squirm?

Daily Activities: When placed on his/her back, hoften did the baby:
111 wave arms and kick?

112 squirm and/or turn body?

When placed in an infant seat or car seat, Htenalid the

baby:
115 wave arms and kick?
116 squirm and turn body?
117R lie or sit quietly?

* Cronbach’s alphas for 3-6, 6-9, and 9-12 monthage groups.

VI. High Pleasure (11 items; .77, .76, .80)

Definition: Amount of pleasure or enjoyment relatechigh stimulus intensity, rate, complexity,
novelty, and incongruity.

Two Week Time Span

Play: How often during the last week did the baby

58 smile or laugh when tickled?

How often during the last week did your baby enjoy:

65 being tickled by you or someone else in yauarily?

66 being involved in rambunctious play?
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67 watching while you, or another adult, plajfwhade faces?

When tossed around playfully how often did theyp

77 smile?

78 laugh?

During a peekaboo game, how often did the baby:

79 smile?

80 laugh?

How often did your baby enjoy bouncing up and/dp

81 while on your lap?

82 on an object, such as a bed, bouncer chdivyd

When in a crowd of people, how often did theypab

165 seem to enjoy him/herself?

XIV. Vocal Reactivity (12 items; .82, .73, .78)

Definition: amount of vocalization exhibited by thaby in daily activities.

Feeding: How often did your baby make talkingreisi
8 while waiting in a high chair for food?

9 when s/he was ready for more food?

10 when s/he has had enough food?
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Bathing and
Dressing:

35

42

45

Play:

52

Daily Activities:

102

103

146

147

148

When being dressed or undressed dilminigst week, how often

did the baby:

coo or vocalize?

When face was washed, how often did the baby:

co07?

When hair was washed, how often did the baby:

vocalize?

How often during the last week did theyab

repeat the same sounds over and over again?

How often during the last weelddhe baby:

squeal or shout when excited?

imitate the sounds you made?

How often did your baby make talking sounds when

riding in a car?
riding in a shopping cart?

you talked to him/her?
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Appendix 2. Early Childhood Behavior Questionnaire

Early Childhood Behavior Questionnaire

Child’'s name: Child’'s biathd Mo: Day: Yr:
Today’s date: Month: Day: Yr: Childgge: Yrs, Months
Relation to child: Sex dfichircle one): Male Female

INSTRUCTIONS: Please read carefully before starting

As you read each description of the child’s behabiEow, please indicate how oftéme child did this during
the last two weekby circling one of the numbers in the right colunifhese numbers indicate how often you
observed the behavior described during the lastesks

less about more
very than half half than half almost does not
never rarely the time the time the time always always apply
1 2 3 4 5 6 7 NA

The “Does Not Apply” column (NA) is used when yoid dot see the child in the situatidescribed during the
last two weeks. For example, if the situation riwatdt the child going to the doctor and there wasime during
the last two weeks when the child went to the doaiiocle the (NA) column. “Does Not Apply” (NAXiI
different from “NEVER” (1). “Never” is used wheroy saw the child in the situation but the child erev
engaged in the behavior mentioned in the last t@eks. Please be sure to circle a numbétfofor every
item.
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When told that it was time for bed or a nap, how d&n did your child

1. react with anger? 1 2 3

45
2. getirritable? 1 2 3 45

oo

When approached by an unfamiliar person in a publigplace (for example, the grocery store), how often
did your child

3. remain calm? 1 2 3 45 6 7 NA
4. pull back and avoid the person? 1 23 4 5 6 7 NA
5. cling to a parent? 1 2 3 45 6 7 NA

During everyday activities, how often did your chitl

6. startle at loud noises (such as a fire engine®@ren 1 2 3 4 5 6 7 NA
7. tap or drum with fingers on tables or other objects 1 2 3 4 5 6 7 NA
8. getirritated by scratchy sounds? 1 23 4 5 6 7 NA
9. become uncomfortable when his/her socks were not

aligned properly on his/her feet? 1 23 4 5 6 7 NA
After getting a bump or scrape, how often did yourchild
10. forget about it in a few minutes? 1 23 4 5 6 7 NA
While playing outdoors, how often did your child
11. like making lots of noise? 1 2 34 5 6 7 NA
12. enjoy sitting quietly in the sunshine? 12 3 4 5 6 7 NA
13. want to climb to high places (for example, up @ tre

or on the jungle gym)? 1 2 34 5 6 7 NA

When s/he was carried, how often did your child
14. like to be held? 1 2 3 45 6 7 NA
15. push against you until put down? 1 23 4 5 6 7 NA
16. squirm? 1 2 3 4 56 7 NA
17. struggle to get away? 1 2 34 5 6 7 NA
18. snuggle up next to you? 1 2 34 5 6 7 NA
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While having trouble completing a task (e.q., builthg, drawing, dressing), how often did your child

19. get easily irritated? 1 2 34 5 6 7 NA
20. become sad? 1 2 3 45 6 7 NA
When a familiar child came to your home, how ofterdid your child

21. engage in an activity with the child? 1 23 4 5 6 7 NA
22. seek out the company of the child? 1 23 4 5 6 7 NA
When offered a choice of activities, how often digour child

23. stop and think before deciding? 1 23 4 5 6 7 NA
24. decide what to do very quickly and go after it? 12 3 4 5 6 7 NA
25. seem slow and unhurried about what to do next? 12 3 4 5 6 7 NA

When asked NOT to, how often did your child

26. run around your house or apartment anyway? 12 3 4 5 6 NA
27. touch an attractive item (such as an ornament) apywt 2 3 4 5 6 7 NA
28. play with something anyway? 1 2 34 5 6 7 NA

During daily or evening gquiet time with you and you child, how often did your child

29. enjoy just being quietly sung to? 1 23 4 5 6 7 NA
30. smile at the sound of words, as in nursery rhymes? 1 2 3 4 5 6 7 NA
31. enjoy just being talked to? 1 2 34 5 6 7 NA

32. enjoy rhythmic activities, such as rocking or swayd 1 2 3 4 5 6 7 NA

During everyday activities, how often did your chitl

33. become distressed when his/her hands were dirty

and/or sticky? 1 2 3 45 6 7 NA
34. notice that material was very soft (cotton) or

rough (wool)? 1 2 3 4 5 6 7 NA
35. notice low-pitched noises such as the air-conditipn

heater, or refrigerator running or starting up? 12 3 4 5 6 7 NA
36. blink a lot? 1 2 3 4 5 6 7 NA
37. get very enthusiastic about the things s/he was

going to do? 1 2 3 45 6 7 NA
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While at home, how often did your child

38. show fear at a loud sound (blender, vacuum
cleaner, etc.)? 1 2 3 45 6
39. seem afraid of the dark? 1 2 34 5 6 7 NA

When visiting the home of a familiar adult, such as relative or friend, how often did your child

40. want to interact with the adult? 1 23 4 5 6 7 NA

While bathing, how often did your child

41. sit quietly? 1 2 3 4 5 6 7 NA
42. splash, kick, or try to jump? 1 23 4 5 6 7 NA

While playing outdoors, how often did your child

43. look immediately when you pointed at something? 12 3 4 5 6 7 NA
44. choose to take chances for the fun and excitenfetit ol 2 3 4 56 7 NA
45. notlike going down high slides at the amusement

park or playground? 1 2 34 5 6 7 NA

When s/he was upset, how often did your child

46. change to feeling better within a few minutes? 12 3 4 5 6 7 NA
47. soothe only with difficulty? 1 2 3 4 5 6 7 NA
48. stay upset for 10 minutes or longer? 1 23 4 5 6 7 NA
When engaged in play with his/her favorite toy, howoften did your child
49. play for 5 minutes or less? 1 2 34 5 6 7 NA
50. play for more than 10 minutes? 1 23 4 5 6 7 NA
51. continue to play while at the same timgsponding

to your remarks or questions? 1 23 4 5 6 7 NA
When approaching unfamiliar children playing, how dten did your child
52. watch rather than join? 1 2 34 5 6 7 NA
53. approach slowly? 1 2 3 45 6 7 NA
54. seem uncomfortable? 1 2 34 5 6 7 NA

141



During everyday activities, how often did your chid

55. complain about odors on others, such as perfume? % 3 4 5 6 7 NA
56. seem to be bothered by bright light? 1 23 4 5 6 7 NA
57. move quickly from one place to another? 12 3 4 5 6 7 NA
58. notice the smoothness or roughness of objects s/he

touched? 1 2 3 45 6 7 NA
59. become sad or blue for no apparent reason? D 3 4 5 6 NA
After having been interrupted, how often did your dild
60. return to a previous activity? 1 23 4 5 6 7 NA
61. have difficulty returning to the previous activity? 1 2 3 4 5 6 7 NA
While watching TV or hearing a story, how often didyour child
62. seem frightened by ‘monster’ characters? 12 3 4 5 6 AN
When you suggested an outdoor activity that s/he adly likes, how often did your child
63. respond immediately? 1 2 34 5 6 7 NA
64. run to the door before getting ready? 1 23 4 5 6 7 NA
When told that loved adults would visit, how oftendid your child
65. get very excited? 1 2 3 45 6 7 NA
66. become very happy? 1 2 34 5 6 7 NA
When taking a quiet, warm bath, how often did yourchild
67. seem to relax and enjoy him/herself? 1 23 4 5 6 7 NA
When s/he couldn't find something to play with, howoften did your child
68. get angry? 1 2 3 45 6 7 NA
During sleep, how often did your child
69. toss about in the bed? 1 2 34 5 6 7 NA
70. sleep in one position only? 1 2 34 5 6 7 NA
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During quiet activities, such as reading a story, tw often did your child

71. swing or tap his/her foot? 1 2 34 5 6 7 NA
72. fiddle with his/her hair, clothing, etc.? 12 3 4 5 6 AN
73. show repeated movements like squinting, hunching up

the shoulders, or twitching the facial muscles? 1 2 3 4 5 6 7 NA

While playing indoors, how often did your child

74. like rough and rowdy games? 1 2 34 5 6 7 NA
75. enjoy playing boisterous games like ‘chase’? 12 3 4 5 6 NA
76. enjoy vigorously jumping on the couch or bed? 12 3 4 5 6 7 NA

In situations where s/he is meeting new people, havften did your child

77. turn away? 1 2 3 45 6 7 NA
78. become quiet? 1 2 3 45 6 7 NA
79. seem comfortable? 1 2 3 45 6 7 NA

When being gently rocked or hugged, how often didour child

80. seem eager to get away? 1 2 34 5 6 7 NA
81. make protesting noises? 1 2 34 5 6 7 NA
When encountering a new activity, how often did youchild

82. sit on the sidelines and observe before joining in? 1 2 3 4 5 6 7 NA
83. get involved immediately? 1 2 34 5 6 7 NA
When visiting the home of a familiar child, how ofen did your child

84. engage in an activity with the child? 1 23 4 5 6 7 NA
85. seek out the company of the child? 1 23 4 5 6 7 NA
When another child took away his/her favorite toyhow often did your child

86. scream with anger? 1 2 34 5 6 7 NA
87. notbecome angry? 1 2 3 45 6 7 NA
88. sadly cry? 1 2 3 45 6 7 NA
89. notreact with sadness? 1 2 34 5 6 7 NA
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When engaged in an activity requiring attention, sah as building with blocks, how often did your
child

90. move quickly to another activity? 1 23 4 5 6 7 NA
91. stay involved for 10 minutes or more? 1 23 4 5 6 7 NA
92. tire of the activity relatively quickly? 1 2 3 4 5 6 NA
During everyday activities, how often did your chid
93. pay attention to you right away when you called

to him/her? 1 2 3 45 6 7 NA
94. seem to be disturbed by loud sounds? 1 PA] 4 5 6 7 NA

95. stop going after a forbidden object (such as a VCR)

when you used a toy to distract her/him? 12 3 4 5 6 AN
96. notice small things, such as dirt or a stain, on

his/her clothes? 1 2 34 5 6 7 NA

While in a public place, how often did your child

97. seem uneasy about approaching an elevator or

escalator? 1 2 3 45 6 7 NA
98. cry or show distress when approached by an

unfamiliar animal? 1 2 3 4 5 6 7 NA
99. seem afraid of large, noisy vehicles? 1 23 4 5 6 7 NA

100. show fear when the caregiver stepped out of sight? 1 2 3 4 5 6 7 NA

When playing outdoors with other children, how ofte did your child

101.seem to be one of the most active children? 12 3 4 5 6 NA
102. sit quietly and watch? 1 2 34 5 6 7 NA

During daily or evening quiet time with you and you child, how often did your child

103. want to be cuddled? 1 2 34 5 6 7 NA

During everyday activities, how often did your chitl

104.seem frightened for no apparent reason? 1 3 4 5 6 7 NA
105.seem to be irritated by tags in his/her clothes? 1 2 3 4 5 6 7 NA
106. notice when you were wearing new clothing? 12 3 4 5 6 NA
107.react to beeping sounds (such as when the micewav
or oven is done cooking)? 1 2 34 5 6 7 NA

108. show repeated movements like squinting, hunchjng u

the shoulders, or twitching the facial muscles? 12 3 4 5 6 7 NA
When being dressed or undressed, how often did yowhild
109. squirm and try to get away? 1 23 4 5 6 7 NA
110. stay still? 1 2 3 4 5 6 7 NA
When told “no”, how often did your child
111.stop an activity quickly? 1 2 3 4 5 6 7 NA
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112. stop the forbidden activity? 1 23 4 5 6 7 NA
113.ignore your warning? 1 2 34 5 6 7 NA
114.become sadly tearful? 1 2 34 5 6 7 NA
Following an exciting activity or event, how ofterdid your child

115. calm down quickly? 1 2 34 5 6 7 NA
116.have a hard time settling down? 1 23 4 5 6 7 NA
117.seem to feel down or blue? 1 2 34 5 6 7 NA
118.become sadly tearful? 1 2 34 5 6 7 NA
When given something to eat that s/he didn't likehow often did your child

119.become angry? 1 2 3 45 6 7 NA

During everyday activities, how often did your chitl seem able to

120. easily shift attention from one activity to anathe 1 2 3 4 5 6 7 NA
121.do more than one thing at a time (such as playitly
a toy while watching TV)? 1 2 3 4 5 6 7 NA

While playing indoors, how often did your child

122.run through the house? 1 2 34 5 6 7 NA
123.climb over furniture? 1 2 3 4 5 6 7 NA
124.not care for rough and rowdy games? 1 23 4 5 6 7 NA
125. enjoy activities such as being spun, etc.? 12 3 4 5 6 NA
When playing alone, how often did your child
126.become easily distracted? 1 2 34 5 6 7 NA
127.play with a set of objects for 5 minutes or longer

atime? 1 2 3 45 6 7 NA
128. scratch him/herself? 1 2 34 5 6 7 NA
129.tear materials close at hand? 1 23 4 5 6 7 NA

Before an exciting event (such as receiving a newyl), how often did your child

130. get so worked up that s/he had trouble sittintsti 1 2 3 4 5 6 7 NA

131.get very excited about getting it? 1 23 4 5 6 7 NA
132.remain pretty calm? 1 2 34 5 6 7 NA
133.seem eager to have it right away? 1 23 4 5 6 7 NA

When s/he asked for something and you said “no”, e often did your child

134.become frustrated? 1 2 34 5 6 7 NA

135. protest with anger? 1 2 34 5 6 7 NA

136. have a temper tantrum? 1 2 34 5 6 7
NA

137.become sad? 1 2 3 45 6 7
NA
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While playing or walking outdoors, how often did yaur child

138. notice sights or sounds (for example, wind chimes
or water sprinklers)? 1 2 34 5
7 NA
139. notice flying or crawling insects? 1 23 4 5 6 7 NA

When you gave your child an attractive toy, how ofn did your child

140.grab the object as soon as it was set down? r 3 4 5 6 NA
141.look the object over before touching it? 12 3 4 5 6 AN
When asked to wait for a desirable item (such aséccream), how often did your child

142.seem unable to wait for as long as 1 minute? 12 3 4 5 6 NA
143.go after it anyway? 1 2 34 5 6 7 NA
144. wait patiently? 1 2 3 4 5 6 7 NA
145. whimper and cry? 1 2 3 45 6 7 NA
When being gently rocked, how often did your child

146.smile? 1 2 3 4 56 7 NA
147.make sounds of pleasure? 1 2 34 5 6 7 NA

While visiting relatives or adult family friends she sees infrequently, how often did your child

148. stay back and avoid eye contact? 1 23 4 5 6 7 NA
149. hide his/her face? 1 2 34 5 6 7 NA
150.“warm up” to the person within a few minutes? 12 3 4 5 6 7 NA

When you removed something s/he should not have lreplaying with, how often did your child

151.become sad? 1 2 3 45 6 7 NA

During everyday activities, how often did your chid

152.become bothered by sounds while in noisy

environments? 1 2 3 45 6 7 NA
153.become bothered by scratchy materials like wool? 1 2 3 4 5 6 7 NA
154.notice changes in your appearance (such as wet hai

a hat, or jewelry)? 1 2 34 5 6 7 NA
155. appear to listen to even very quiet sounds? 12 3 4 5 6 NA
156.seem full of energy, even in the evening? 12 3 4 5 6 NA

When interrupted during a favorite TV show, how often did your child

157.immediately return to watching the TV program? 12 3 4 5 6 7 NA
158. notfinish watching the program? 1 23 4 5 6 7 NA

While being held on your lap, how often did your chid

159. pull away and kick? 1 2 34 5 6 7 NA
160.seem to enjoy him/herself? 1 2 34 5 6 7 NA
161. mold to your body? 1 2 34 5 6 7 NA
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162.seek hugs and kisses? 1 2 A 5 6 7 NA

While a story was being read to your child, how o&n did s/he

163. enjoy listening to the story? 1 23 4 5 6 7 NA

When hearing about a future family outing (such as trip to the playground), how often did your
child

164.become very enthusiastic? 1 2 34 5 6 7 NA
165.look forward to it? 1 2 3 4 5 6 7 NA
166.remain pretty calm? 1 2 34 5 6 7 NA

While looking at picture books on his/her own, howoften did your child

167.stay interested in the book for 5 minutes or less? 1 2 3 4 5 6 7 NA
168. stay interested in the book for more than 10 neisut

at a time? 1 2 3 45 6 7 NA
169. become easily distracted? 1 2 34 5 6 7 NA
170. enjoy looking at the books? 1 23 4 5 6 7 NA

When tired after a long day of activities, how ofta did your child

171.become easily frustrated? 1 2 34 5 6 7 NA

When a familiar adult, such as a relative or friend visited your home, how often did your child

172.want to interact with the adult? 1 23 4 5 6 7 NA

When asked to do so, how often was your child abte

173.stop an ongoing activity? 1 2 34 5 6 7 NA
174.lower his or her voice? 1 2 34 5 6 7 NA
175. be careful with something breakable? 1 23 4 5 6 7 NA
When visiting a new place, how often did your child

176.notwant to enter? 1 2 3 45 6 7 NA
177.go right in? 1 2 3 4 5 6 7 NA

While you were showing your child how to do somethig, how often did your child

178.jump into the task before it was fully explained? 1 2 3 4 5 6 7 NA

While you were talking with someone else, how oftedtid your child

179. easily switch attention from speaker to speaker? 12 3 4 5 6 7 NA

During everyday activities, how often did your chid

147



180.become irritated when his/her clothes were tight? 1 2 3 4 5 6 7 NA

181.notice smells from cooking? 1 23 4 5 6 7 NA
182.rock back and forth while sitting? 1 23 4 5 6 7 NA
183. notice sirens from fire trucks or ambulances at a

distance? 1 2 3 45 6 7 NA
When you mildly criticized or corrected her/his betavior, how often did your child
184.get mad? 1 2 3 45 6 7 NA
185. have hurt feelings? 1 2 34 5 6 7 NA
When s/he was upset, how often did your child
186. cry for more than 3 minutes, even when being

comforted? 1 2 3 45 6 7 NA
187.cheer up within a minute or two when being

comforted? 1 2 3 45 6 7 NA
188.become easily soothed? 1 2 34 5 6 7 NA
When you were busy, how often did your child
189.find another activity to do when asked? 12 3 4 5 6 7 NA
While playing outdoors, how often did your child
190. want to jump from heights? 1 2 34 5 6 7 NA
191.want to go down the slide in unusual ways (for

example, head first)? 1 2 34 5 6 7 NA
192. enjoy being pushed fast on a wheeled vehicle? 12 3 4 5 6 7 NA
193. enjoy sitting down and playing quietly? 12 3 4 5 6 7 NA
When playing alone, how often did your child
194.chew his/her lower lip? 1 2 34 5 6 7 NA
195. stick out his/her tongue when concentrating? 12 3 4 5 6 7 NA
196. move from one task or activity to another without

completing any? 1 2 3 45 6 7 NA

197. have trouble focusing on a task without guidance? 1 2 3 4 5 6 7 NA

When given a wrapped present, how often did your gl

198.become extremely animated? 1 2 34 5 6 7 NA

When around large gatherings of familiar adults orchildren, how often did your child

199.want to be involved in a group activity? 12 3 4 5 6 AN
200. enjoy playing with a number of different people? 1 2 3 4 5 6 7 NA

When s/he was asked to share his/her toys, how aftdid your child

201.become sad? 1 2 3 45 6 7 NA
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Scoring Procedure

Early Childhood Behavior Questionnaire (ECBQ)

Scale scores for the eighteen dimensions reprédsentean score of all scale items applicable to the
child, as judged by the caregiver. If a caregommitted an item, or if the caregiver checked theép
not apply" response option for an item, the itenehees no numerical score and is not factored into
the scale score.

Scores are to be computed by the following method:

1) Items indicated with an R on the items-by-sdigidbelow are reverse-scored. Before using them t
calculate the scale score, they must be reverBbid. is done by subtracting the numerical response
given by the caregiver from 8. Thus, a caregiesponse of 7 becomes 1, 6 becomes 2, 5 becomes 3,
4 remains 4, 3 becomes 5, 2 becomes 6, and 1 bechme

2) Sum the scores for items receiving a numeriggpponse (do not include items marked "does not
apply" or items receiving no response). For exangiven a sum of 50 for a scale of 12 items, with
one item receiving no response, two items markedsadot apply,” and 9 items receiving a numerical
response, the sum of 50 would be divided by 9 étdyd mean of 5.56 for the scale score.

Scales included in factor Surgency:

Activity Level/Energy (12 items)

Level (rate and intensity) of gross motor activibgluding rate and extent of locomotion.

While bathing, how often did your child

41.R  sit quietly?

42. splash, kick, or try to jump?

While participating in daily activities, how often did your child

57. move quickly from one place to another?
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156. seem full of energy, even in the evening?

During sleep, how often did your child

69. toss about in the bed?

70.R  sleep in one position only?

When playing outdoors with other children, how ofte did your child

101. seem to be one of the most active children?

102.R sit quietly and watch?

When being dressed or undressed, how often did yowhild

109. squirm and try to get away?

110.R stay still?

While playing indoors, how often did your child

122. run through the house?

123. climb over furniture?

High Intensity Pleasure (12 items)

Pleasure or enjoyment related to situations invghhigh stimulus intensity, rate, complexity, ndyelnd
incongruity.

While playing outdoors, how often did your child

11. like making lots of noise?
13. want to climb to high places (for example, upea or on the jungle gym)?
44, choose to take chances for the fun and exciieofet?

45.R  notlike going down high slides at the amusement pagdayground?
190. want to jump from heights?
want to go down the slide in unusual ways (for epleyhead first)?

enjoy being pushed fast on a wheeled vehicle?
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While playing indoors, how often did s/he:

like rough and rowdy games?

75. enjoy playing boisterous games like ‘chase’?
76. enjoy vigorously jumping on the couch or bed?
124.R _notcare for rough and rowdy games?

125. enjoy activities such as being spun, etc.?

Impulsivity (10 items)

Speed of response initiation.

When offered a choice of activities, how often digour child

23.R  stop and think before deciding?
24. decide what to do very quickly and go after it?

25.R seem slow and unhurried about what to do next?

When you suggested an outdoor activity that s/he adly likes, how often did your child

63. respond immediately?

64. run to the door before getting ready?

When encountering a new activity, how often did youchild

82.R  sit on the sidelines and observe before jgimfR

83. get involved immediately?

When you gave your child an attractive toy, how oftn did your child

140. grab the object as soon as it was set down?

141.R look the object over before touching it?

While you were showing your child how to do somethig, how often did your child

178.  jump into the task before it was fully expkf®
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Positive Anticipation (11 items)

Excitement about expected pleasurable activities.

During everyday activities, how often did your chitl

37. get very enthusiastic about the things s/hegeasy to do?

When told that loved adults would visit, how ofterdid your child

65. get very excited?

66. become very happy?

Before an exciting event (such as receiving a neww), how often did your child

130. get so worked up that s/he had trouble sittiiky
131. get very excited about getting it?
132.R remain pretty calm?

133. seem eager to have it right away?

When hearing about a future family outing (such as trip to the playground), how often did your child

164. become very enthusiastic?
165. look forward to it?

166.R remain pretty calm?

When given a wrapped present, how often did your dhu

198. become extremely animated?

Sociability (8 items)

Seeking and taking pleasure in interactions witters.

When a familiar child came to your home, how ofterdid your child

21. engage in an activity with the child?
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22. seek out the company of the child?

When visiting the home of a familiar adult, such as relative or friend, how often did your child

40. want to interact with the adult?

When visiting the home of a familiar child, how ofen did your child

84. engage in an activity with the child?

85. seek out the company of the child?

When a familiar adult, such as a relative or friend visited your home, how often did your child

172. want to interact with the adult?

When around large gatherings of familiar adults orchildren, how often did your child

199. want to be involved in a group activity?

enjoy playing with a number of different people?
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encouraged or

"Write down what it
“Write down your baby's meant"
gesture or vocalisation.” | ==

SPONTANEOUS

ECOND TIME / THIS IS THE THIRD TIME / MANY TIMES

infant perf

"How many times has the

behaviour?"

ormed this

ormed the initl

'Who per
behaviour?

THIS IS THE FIRST TIME / THIS IS THE| SECOND TIME / THIS IS THE THIRD TIME

- COOING / BABBLING / GESTURE /
.."‘~.__* SINGLE WORD / WORD TION
"Was this behaviour copied?"

NO

""Was this behaviour
spontaneous, encouraged or
instructed?

ENCOURAGED/INSTRUCTED
Describe hc

SPONTANEOUS

“How many times has the
infant performed this

behaviour?"

THIS IS THE FIRST TIME / THIS IS THE SECOND TIME / THIS IS THE THIRD TIME
" To whom was the

communicative behaviour
directed?"

MOTHER / FATHER / SIELING ONE / SIBLING TWO / OTHER

/ 'Who or what

" Write down exactly what
the infant said, or how the
infant gestured.”

"Write down what it
meant’




MOTHER / FATHER / SIBLING ONE / SIBLING TWO / OTHER

" To whom was the initial "Who or what?"
behaviour directed?" —

THE INFANT / OTHER ——»

"Who or what?"

“"How long was the delay
between the initial behaviour and
the infant's copy?.”

UP TO 1 MINUTE / UP TO 10 MINUTES / UP TO 1 HOUR/ SAME DAY / LONGER

" To whom was the infant's
imitation directed ?"

NO ONE / THE MODEL / OTHER\’

s behaviour

d t
involve.

pop up. ACCIDENTAL ACTIONS / GENERALISATION / IRRELEVANT DETAILS / PRETEND PLAY / REWARD / COMBINATION

'Write down the

mbination

PE——

"Please describe”

"Where was the infant
h

when this happened?" I

“If you would like to
change or add anything
please note it here.”
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Appendix 4. Flowchart (object) imitation

PALM COMPUTER QUESTIONS ILLUSTRATED IN A FLOW DIAGRAM

KEY
Orange boxes represent open-ended
questions.

Blue boxes represent close-ended questions.
Black boxes represent automatic messages.

“Tap the screen to begin.”

Describe what happened

“What type of behaviour
was

v —
MOTORIC IMITATIVE COMMUNICATIVE

by - ~»
GESTURAL COMBINATIONS.

Note any important de
about how objects were

""Was this behaviour
spontaneous, encouraged or
instructed?

ENCOURAGED/INSTRUCTE]

SPONTANEOUS

“How many times has the
infant seen/heard this
ehaviour?."

THIS IS THE FIRST TIME / THIS IS THE SECOND TIME / THIS IS THE THIRD TIME / MANY TIMES

“How many times has the
nfant performed this
behaviour?"

THIS IS THE FIRST TIME / THIS IS THE SECOND TIME / THIS IS THE THIRD TIME

“Who performed the initial
behaviour?

"To whom was the initial
behaviour directed?"

THE INFANT / OTHER > “Who or what?"

“How long was the delay
between the initial behaviour and,
the infant's copy?.”

UP TO 1 MINUTE/ UP TO 10 MINUTES / UP TO 1 HOUR/ SAME DAY / LONGER

“To whom was the infant's
imitation directed?”

NO ONE / THE MODEL / OTHER Erre———

id this behaviour
involve.

ACCIDENTAL ACTIONS / GENERALISATION / IRRELEVANT DETAILS / PRETEND PLAY / REWARD / COMBINATION

‘Wite down the

POp up.

Please describe

‘Where was the infant
when this happened?

f youwould like to
change or add anything
please note it here.

‘Questionnaire completed.
Thank you.




PALM COMPUTER QUESTIONS ILLUSTRATED IN A FLOW DIAGRAM

KEY

Orange boxes represent open-ended
questions.

Blue boxes represent close-ended questions.
Black boxes represent automatic messages.

"Tap the screen to begin.”

]
|

"What type of behaviour

was it?"
I .
T i T ——
T i T————
—————T I ———
I : Tm———
-« v I
MOTORIC IMITATIVE COMMUNICATIVE

"What type of imitative
behaviour was it?"

A
//’/7 N TSSza
- / \, S<ITo~o
- 7/ S~ T~
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- / \ S~ T Te~—l
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- / \, S=a ~——
- / \ S~ ~——
- 4 \, ~ ~~
-~ / \ =~ =<
- / \ S~ T
//’/ 7 4 S~ ~~<a
A//’ ‘/ GESTURAL VOCAL COMBINATIONS

OBJECT FACIAL

“"Note any important details

about how objects were
""Was this behaviour
spontaneous, encouraged or
instructed?
ENCOURAGED/INSTRUCTEP/
"Describe how."
SPONTANEOUS

“"How many times has the
infant seen/heard this
behaviour?."

THIS IS THE FIRST TIME / THIS IS THE SECOND TIME / THIS IS THE THIRD TIME / MANY TIMES

4

"How many times has the
infant performed this
behaviour?"

THIS IS THE FIRST TIME / THIS IS THE[SECOND TIME / THIS IS THE THIRD TIME

"Who performed the initial
behaviour?"




MOTHER / FATHER / SIBLING ONE / SIBLING TWO / OTHER

| “Who orwhat?"
" To whom was the initial
behaviour directed?"
THE INFANT / OTHER\>| "Who orwhat?" ‘
v
"How long was the delay
between the initial behaviour and }
the infant's copy?."
UPTO 1 MINUTE/UP TO 10 MINUTES / UP TO 1 HOUR/ SAME DAY / LONGER
" To whom was the infant's
imitation directed ?"
NO ONE / THEl MODEL / OTHER "Who or what?"
"Did this behaviour /
involve..."
pop up. ACCIDENTAL ACTIONS / GENERALISATION / IRRELEVANT DETAILS / PRETEND PLAY / REWARD / COMBINATION

"Write down the
combination..”

B

"Please describe"

v

"Where was the infant
when this happened?”

v

"If you would like to
change or add anything
please note it here."

|

"Questionnaire completed.
Thank you."
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