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The idea of sociomateriality mainly originates from the vast area of perspectives on psychological
development related to empiricism. In simple terms, it could be said that sociomateriality stresses
the contribution of individual and collective experience by putting more emphasis on the role that
corporeity, physical contexts, and objects play in the development or emergence of psychological
functions. Unfortunately, like any simplification, this one has objective limits. What makes it
difficult to establish a unified framework to define sociomateriality, and above all to determine its
relationship to psychological development, is first of all an epistemological question that is still the
subject of a wide debate in several scientific areas, including philosophy (Searle, 2007) archaeology
and material cultures (Malafouris, 2013), ergonomics (Geslin, 2017), anthropology and sociology
(Latour, 2005), cognitive sciences (Clark, 2008), psychotherapy (Searles, 1960), developmental
psychology (Moro and Rodríguez, 1998; Moro, 2016; Iannaccone et al., 2018) and learning itself
(Engeström, 2015; Iannaccone, 2017; Cattaruzza et al., 2019). Within the limited extent of this
introduction to the variegated Topic hosted by Frontiers in Psychology, we can identify the heart
of the epistemological problem in two fundamental questions: (a) what are the boundaries of the
mind with respect to corporeity and the context in which it operates? and (b) what could be the real
contribution that artifacts give to the development of psychological functions, particularly learning?
Of course, these two problems not only have an abstract philosophical meaning, but also
constitute a real methodological puzzle, because they question the notions of “object of analysis”
and “unity of analysis.” To these important problems, researchers have given varied answers that are
arranged along an axis with what we could define as “strong sociomateriality” on the one end and
“weak sociomateriality” on the other. Concerning the explanations of psychological phenomena,
this continuum depends substantially on the more or less decisive role that researchers assign to
both the physical characteristics (materialities) of objects or contexts and to the communicative
and semiotic interactions between humans and non-humans (social and cultural mediations). Even
within this Topic, which is specifically dedicated to the role of objects in psychological development
(affective, cognitive, and social), the contributions collected do not refer to a single notion of
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OBJECTS AS MEDIATORS OF SOME
COMPLEX PSYCHOLOGICAL FUNCTIONS
IN CHILDREN WITH AUTISM SPECTRUM
DISORDERS (ASD)

sociomateriality. On the positive side, these contributions
present a rich landscape of theoretical and empirical positions
requiring the reader to seriously reconsider sociomateriality in
psychology. In summarizing the 14 contributions, we identified
some common general aspects of the Topic that can help
the reader organize his or her “journey”: Mental activities
are not considered as decontextualized and isolated, but are
interwoven in the interactions among individuals on one hand
and the physical and social worlds on the other; and objects
seem to actively contribute to typical and atypical psychological
development (cognitive, affective, and social), influencing to
several degrees the way that people experience the world. The
contributions to the Topic are briefly presented below, organized
according to their contribution to the issue of sociomateriality
in psychology.

Manzi et al. adopt a sociomaterial approach to analyse
interactions among children with ASD, adults and objects in a
play setting. Systematic observations of object manipulation and
communicative patterns displayed by children are conducted.
Assuming a perspective inspired by the Vygotskian concept
of “psychological tools,” Manzi et al. highlight how objects
can be considered (in some cases) as helpful mediators of
communication, even in situations where interactions seem very
problematic. The work also suggests a promising approach to
supporting communicative patterns in children with ASD.
Marchetti et al. argue that motivated and shared actions
directed toward an object can effectively mediate the child-adult
relationship. According to this work, when face-to-face
communication is challenging, as it is for example children with
ASD, the presence of an object that encourages playful activities
can expand the possibilities of communication by creating a
triadic (child-adult) relationship.
Ponticorvo et al. explore the interweaving of cognitive and
emotional dimensions with the nature of the materials used
during the creative activities of children with ASD. The article
shows how educational materials presented in both digital and
physical form can effectively stimulate creativity.
Dimitrova’s theoretical paper shows the importance of
common background in communication between children
and their parents in early childhood. Especially when the
communicative setting refers to conventional uses of objects,
common ground is an essential condition for a proper
interpretation of the situation. In particular, a common
background allows parents a well-adapted tailoring of their
communicative response to the infant’s developmental need.

SPACES OF ACTIVITY AND OBJECTS
The function of the physical “spaces of activity” in children’s
learning clearly emerges in the case report of Barzanò et al.
As in other similar research, the authors support the idea of
“extended and situated” learning. This perspective integrates
the formal context of the school with the informal spaces of
other micro-contexts in which children and adults have their
daily life experiences. Alternative spaces of activity influence the
complexities of relationships and thus offer new opportunities to
acquire alternative ways of exploring reality and learning.
Pinto et al. adopt sociomateriality as a theoretical lens to
investigate how imitation acts to support the acquisition of
the use of objects. Imitation, in the opinion of the authors,
is a complex activity, involving several actors who interact
to facilitate the understanding of various artifacts in different
domains of knowledge and improve their interpretative flexibility
between communities of practice.
Even at a much earlier stage of development, the importance
of objects (among other variables) as elements of the
newborn/parents’ space of activity is partly highlighted in
the research of Yamamoto et al. For example, the number
of objects on the floor between infants and parents seems to
modulate the eye contact with parents and activate some changes
in the way that the child explores the surrounding context.
Granato analyses the neuropsychological effects of alcohol
abuse, considering it as a real artifact both in its individual
“use” as well as from an intergenerational perspective. Alcohol
as a cultural artifact takes on different meanings depending
on the individual and social practices that characterize its
excessive intake.
Wang and Meltzoff describe a study with Chinese preschool children. They report a number of theoretical views on
imitation, assuming that it plays an important role in the early
socio-cognitive development of children. One of the theoretical
points of view refers to imitation as an act of social affiliation
between the child and the adult, an activity also linked to sociomateriality. Through a series of tests of imitation with objects,
researchers identified imitative activity as a key mechanism in the
acquisition of culturally appropriate behaviors and conventions.

Frontiers in Psychology | www.frontiersin.org

INTERACTION WITH COMPLEX OBJECTS:
HUMAN-ROBOT INTERACTIONS
The research of Di Dio et al. investigates the dynamics of
trust (acquisition, loss and restoration) in children who interact
with a humanoid robot or a human. The results show how
in certain conditions, material artifacts can become referents
with which to build relationships, modulated by the degree of
anthropomorphization of the robotic agent.
The research of Manzi et al. shows how the degree of
anthropomorphization affects the attribution of mental abilities
to a robot by children of different ages. The results show that
older children are more sensitive to the material characteristics
of robots than younger children.

PERCEPTION AND CATEGORIZATION OF
OBJECTS
The study by Ishikawa et al. simulated the learning process of the
child’s gaze following: it emerged that the most feasible model
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is one in which communication signals influence the child’s
internal states. The model presented by the authors highlighted
the importance of objects as a variable to be analyzed with respect
to the communicative value of the adult’s gaze.
The study of Taniguchi et al. analyses the way that infants
classify objects at superordinate levels, considering the categories
“living” or “not living.” The study shows how the categorization
of living objects depends on linguistic development. According
to the authors, this suggests different mechanisms in infants’
categorization of living and non-living objects.
In further research, Taniguchi et al. investigate whether
infants’ decision to categorize objects depends on bottomup and/or top-down processing (in relation to visual or
verbal presentations). The authors also try to determine

what visual information
accurate categorization.
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In everyday life, actions and decisions are defined by a continuous interplay between cognitive and
affective dimensions (Milani and Gagliardi, 2013; Lombardi et al., 2017) where empathy plays a
central role (Eisenberg and Strayer, 1987). Empathy underpins the synchronous social response
to another person’s mental state and behavior. It represents a particular experience because it is
not a directly accessible state: in contrast to other psychological constructs, it is neither a conduct,
nor is always evident through specific behavioral expressions (Bonino et al., 1998). Empathy is
like a dance between two individuals whose steps move between cognition and affects. Within
a socio-material approach to development, in this paper we argue that motivated shared goaldirected actions toward an object may effectively mediate child-adult relationship by acting on the
precursors of Theory of Mind (ToM), a cognitive component of empathy.
Feshbach (1978) defined empathy the philosopher’s stone of human relationships. In this sense, it
represents one of the most important mechanisms that contributes to regulate social relationships
and human communication. Its two-dimensional nature—affective and cognitive—has spurred the
interest of many authors who have tried to describe its evolution and development. According to
Hoffman (1984), and in line with Davis et al. (1994) account, empathy manifests itself from the first
days of life, initially quite entirely on the affective level. During the first year of life, children display
motor mimicry by answering to the emotions they are witnessing (e.g., by crying when another
infant is crying). This process is plausibly mediated by activation of the mirror mechanism allowing
motor simulation (for review, see Rizzolatti and Sinigaglia, 2008) and “altercentric” participation
(Braten, 1998). In this phase, the emotional response is involuntary and undifferentiated (Global
empathy, Hoffman, 1984). Going through egocentric empathy during the second year of life,
children spontaneously offer a kind of help which they would find comforting themselves and,
in this sense, empathy is egocentric, although forms of early reasoning about the other’s desires was
observed already in 18-month-olds (Repacholi and Gopnik, 1997; see also, Astington et al., 1988).
Empathy for another’s feelings at the age of 3 years involves the development of role-taking skills, and
children become aware that other people’s feelings can differ from their own. The development of
Theory of Mind (ToM), and namely the ability to conceptualize one’s own and others’ mental states
underlying behavior (Wimmer and Perner, 1983) and social competence (Premack and Woodruff,
1978; Wellman et al., 2001), marks this maturation period. Children’s responses to distress might
become more appropriate to the other person’s needs. We can now speak of empathy in its full
meaning indicating that the child has developed the cognitive prerequisites enabling her/him to
understand the other as a distinct person from her/himself (Bonino et al., 1998).

EMPATHY IN ATYPICAL DEVELOPMENT
Brain-imaging studies suggest that different but interacting brain structures are involved in
cognitive and affective empathy (Shamay-Tsoory et al., 2009; Kalbe et al., 2010). These studies
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et al., 2005). Already 1-year-old infants possess a genuine
understanding of other persons as intentional and attentional
agents (Tomasello and Haberl, 2003). In a compromised dyadic
relationship, where the infant fails or struggles to include the
other in her/his action zone and mental sphere, the object may
become the primary referent of the dyadic relationship. The child
concentrates on the relationship with the object most possibly
because s/he may ignore the emotional and mental pressures
that characterize the typical relationship with the adult (Lecciso
et al., 2013). The socio-material perspective suggests that through
the initiation of a dyadic relationship with the object, it is
possible to include the adult in the triadic relationship. So, from
a typical child-adult-object interaction, the relationship shifts
to the child-object-adult interaction. That objects can become
the mediators of a compromised adult-child social interactions
associated with attentional deficits has been already theorized
(Rodríguez and Moro, 2008; Sinha and Rodríguez, 2008; Sinha,
2015). The human psychological structure is modeled and
transformed by acting in the world and manipulating objects.
Gradually, as the physical/sensori-motor representation of the
world—which also includes the relation with the adult (see,
Braten, 2006)—the child builds a representation of the mental self
and the mental other. This development is not abrupt, but moves
from a concrete stage to a representational stage also thanks to
the developmental of processes and behaviors recognized as the
precursors of ToM.
Before the acquisition of false belief at about 4 years of
age, the child progressively builds an understanding of the
mind. In typical development, the dyadic relationship (classically
affective in nature) with the caregiver opens the child up to
a triadic relationship with the world through the precursors
of ToM that develop within the first 2 years of life: jointattention, pointing (indicative), performative (from requesting
to declarative), understanding of agency, pretend play. In a
compromised child-adult relationship, object may possibly bring
the child closer to the other during shared goal-directed actions
on an object. Under this condition, the child-adult’s responses
are contingent on a common object of interest (motivation
and openness). When the other responds to the stimulus in
the same way as does the child, an initial “like me” relational
form may develop which starts from the child’s experience of
the other’s objective/concrete and sensori-motor characteristics.
Subsequently, the child may begin to form an association between
the self and the other that includes subjective characteristics
(both subjects are the same and different from the object)
that are discovered through doing. Then, by intervening on
the precursors of ToM, and in particular on joint attention,
referential communication, and motivation, the other (and
her/his mind) may be gradually included as a referential agent
in a triadic relationship. A differentiation is initiated which
potentially leads the child to the understanding of the other as an
individual with a mind that may be different from her/his own.
The observational work by Iannaccone et al. (2018) right
supports this idea. The authors preliminarily showed that objects
may serve as concrete mediators in the intersubjective space
between adult and ASD infants aged between 18 and 24 months
during object manipulation and building a tower of toy blocks.

hypothesize that each individual component of the construct
“empathy” can be selectively compromised with consequent
specificities in behavioral impairments.
The Autistic Spectrum Disorder (ASD) is featured by
two main types of impairment affecting social and language
competencies, on the one hand, and involving stereotypical
and repetitive behaviors, on the other (American Psychiatric
Association, 2013, APA). One of the central issues is if and how
ASD individuals empathize. Eye tracking experiments (Frith,
2003) have shown that autistic individuals, when looking for the
meaning of a dynamic social situation, do not direct attention to
very expressive aspects of the image. For example, they attend
more to the peripheral area of the face instead of the eyes and
mouth to which particular attention is typically paid (e.g., Savazzi
et al., 2014; Di Dio et al., 2019). Furthermore, ASD individuals’
mind-blindness (Baron-Cohen, 1995) leads to the inability to
attribute mental states and to an inadequate conception of
feelings (Baron-Cohen et al., 2001; Frith, 2003; Fabio et al., 2011).
ASD individuals are generally unable to recognize and name
emotions, read expressive cues and take the others’ point of view
and perspective, reasons that may—at least partly—explain ASD
general inability to provide appropriate emotional responses.
Not only mentalization skills allow people to understand the
other’s emotions, but importantly the reasons underlying them,
thus making it is possible to respond appropriately to the other
person’s state of mind. If we see a sad person, it is thanks to
our mentalization skills that we can understand if s/he needs
relief or prefers staying alone. Nevertheless, ASD individuals
are not indifferent to the other’s suffering. They are able to
instinctive sympathy (Frith, 2003), i.e., to involuntary respond
to basic emotional reactions, although their inability to readily
and coherently attribute a mental state will most likely lead to a
socio-behavioral failure, with possible consequent experience of
depression and anxiety (Conti et al., 2015).

CAN A SOCIO-MATERIAL APPROACH
PROMOTE EMPATHY?
Socio-materiality is clearly the fusion between the terms “social”
and “material,” and it has the potential to link materiality to each
and every phenomenon that we consider social (Leonardi et al.,
2012). The socio-material theory assumes that human activity
is mediated by tools (Leonardi, 2012). Actions supported by
tool-use and intentionally aimed at production create thought
(Vygotsky, 1978).
The conceptual underlie of our argumentation resides in the
acknowledged nature of the dyadic relationship that commonly
develops between the child and the adult in early childhood.
In typical development, the dyadic relationship generally invites
the triadic relationship by including the use of an object in
its (culturally determined) typical function (Leontiev, 1981;
Costall, 1997; Rodríguez and Moro, 2008; Barthélémy-Musso
et al., 2013). Adults and children readily construct action
representations organized with respect to an ultimate goal,
allowing one to predict the consequences of action, interpret and
describe actions, and categorize action sequences (Sommerville

Frontiers in Psychology | www.frontiersin.org
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Additionally, some of the infants’ attention patterns were visibly
mediated by the object, in that the children monitored the adult’s
attention through eye contact or by restarting manipulation of
the blocks, a process labeled “object-mediated attention.” In
clinical settings, the practice of including objects during therapy
is already widely used as a means to establishing a connection
with the patient. In this respect, Conti et al. (2015) suggest that—
by generating a high degree of motivation and engagement in
the child (Scassellati, 2002)—the use of robots can be effectively
integrated in current ASD therapies by developing protocols
aimed to implement, for example, imitation skills, which are
basic to the development of social competencies. The object
“robot” becomes a mediator of the child-adult relationship. In
principal, by working on ToM precursors through mediation
of object-use, mind understanding and social-communicative
competencies may be promoted in ASD individuals with and
without intellectual disability: what matters is, in fact, the
scaffolder’s ability to properly place her/himself within the child’s
zone of proximal development to enhance her/his abilities at any
level of intellectual functioning (see, Conti et al., 2018; see also,
Fabio et al., 2013).
Concluding, the development of the grasp of the other’s mind
in terms of emotions, intentions, desires and—then—beliefs
and false beliefs at increasing levels of cognitive complexity
is important because, with it, the child begins to reason in
terms of subjectively founded “true and false” and no longer
in terms of objective “true and false.” To understand that the
mind represents the world and that mental representations
guide action is the crucial step for the acquisition of ToM.
Theory of Mind involves a representation of the subjectivity
of one’s own and the other’s mental states at a high degree
of interindividual variability. When the dyadic component is

impaired, by having the child establishing a relationship with
the material object, the object can, from a socio-material
perspective, open the child up to a triadic relationship (childobject-adult). This, in turn, may help the “motivated” child enter
the dyadic child-adult relationship in a backward path, thus
allowing the recovery and implementation of—at least some—
precursors of the ToM competence. The meaning of the objects
helps the individual build a meaning of the person (mind).
Interventions have been developed worldwide to improve ToM
skills of individuals with autism. Despite these efforts, little
is known about whether, when, where and for whom these
treatment programs work in autism (Begeer et al., 2011).
We believe that it could be helpful to look into methods
of intervention which embrace a socio-material perspective
allowing to promote empathic skills by starting from its basic
relational components. Our suggestion to intervene timely on
ToM precursors is in line with general emphasis on early
diagnosis. According to Bruner (1986), before children have
acquired the “certificate” of false belief, adults and children had
made a very long journey toward each other’s mind. And, surely,
it is in Bruner’s vigoskijan spirit that this journey is populated
with objects.
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Acquisition of walking changes not only infants’ locomotion itself but also infants’
exploratory behavior and social interaction, such as gaze communication. To understand
the ecological context in which gaze communication occurs and how it changes with
walking development from the point of view of the spatial arrangement of infants,
parents, and objects, we analyzed longitudinal data of daily eye contact scenes recorded
from head-mounted eye trackers worn by parents as infants grew from 10 to 15.5
months, focusing on infant-parent distance and the number of objects between the
dyad. A Bayesian state-space model revealed that the interpersonal distance at which
infants initiated eye contact with their parents increased with the time ratio of walking
to crawling. This result could not be explained by the developmental change in the
amount of time that the infants were far from the parents, which is not limited to the
gaze communication context. Moreover, the interpersonal distance at which the parents
initiated eye contact with the infants did not increase with the time ratio of walking to
crawling. The number of objects on the floor between infants and parents at the time of
eye contact increased with interpersonal distance. Taken together, these results indicate
that the transition from crawling to walking changes the ecological context in which
infants initiate gaze communication to a visual environment characterized by a larger
interpersonal distance and, therefore, more objects cluttered between the dyad. The
present study has wider implications for the developmental change of shared attention
in conjunction with walking development.
Keywords: social interaction, interpersonal distance, eye contact, crawling, walking, second-person perspective,
head-mounted eye tracking

1. INTRODUCTION
One aim of developmental science is to explain phenomena that occur in infants’ everyday
lives. Developmental theories often make hypotheses, assumptions, and implications, known as
“ecological commitments,” about what happens in infants’ daily lives outside research contexts
(Dahl, 2017). To test or support ecological commitments empirically, it is important to investigate
infants’ lived experiences in naturalistic environments as well as randomized control tests in
experimental rooms. Recent advances in technology and analytical methods have made it possible
to evaluate what and how infants see around them or hear in their everyday experience, such as
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modulates the smooth exchange of eye contact and influences the
infant’s and the parent’s social looks differently (Yamamoto et al.,
2019). In referential gaze communication, distractor objects in
the visual environment often disturb young infants’ detection of
what their parents refer to, and noticeable gestures from parents
are needed to coordinate their visual attention (Butterworth
and Jarrett, 1991; Flom et al., 2004). Although the acquisition
of walking changes the interaction between infants and objects
or people, little is known about the developmental change
of such spatial arrangements as that of infants, parents, and
objects. In general, gaze communication is the basis of social
learning in infants, and it leads to later language development
and theory of mind (Brooks and Meltzoff, 2005, 2015). Thus,
to understand how the acquisition of walking shapes new
opportunities for social learning, it is important to describe the
developmental changes in the daily visual environment in which
gaze communication occurs between the infant and the parent,
that is, the interpersonal distance and the degree of object clutter
at the time of gaze communication.
Despite the importance of describing daily gaze
communication, few studies have investigated the gaze
communication between a free-moving dyad’s in everyday life.
This is probably due to several methodological considerations.
When recording from a third-person perspective, accurate
scoring of an infant’s gaze behavior is dependent on the
complexity of the environment and position of the video
camera (Franchak, 2020a), making this method unsuitable for
measuring a free-moving dyad’s gaze communication. In fact,
many previous studies that measured daily gaze communication
set infant and parent at a fixed interpersonal distance so that the
participants remained visible in the video cameras (e.g., Deák
et al., 2014; de Barbaro et al., 2016). One alternative method
is recording from the infant’s first-person perspective with a
wearable eye tracker. Several studies used this method to measure
free-moving infants’ visual exploration in a laboratory room.
However, in previous studies, an experimenter had to walk with
infants to prevent infant injury from face-first falls (e.g., Kretch
et al., 2014; Franchak et al., 2018; Hoch et al., 2019b). Thus, this
method is also not suitable for the purpose of recording daily
gaze communication.
One solution to investigating a free-moving dyad’s gaze
communication in everyday life is recording face-to-face
interaction from the parent’s first-person perspective, that is,
the infant’s second-person perspective. A head-mounted camera
worn by the infant’s social partner allows for measuring eye
contact during a live social interaction more reliably and more
validly than when using a stationary camera (Edmunds et al.,
2017). Moreover, by using this method, we previously recorded
a free-moving dyad’s daily eye contact scenes longitudinally and
demonstrated that interpersonal distance affects the infant’s and
parent’s social looks differently (Yamamoto et al., 2019).
In this study, taking advantage of the recording from the
infant’s second-person perspective as above, we show how the
transition from crawling to walking changes the ecological
context in which gaze communication occurs in everyday life.
This study is an extension of a previous report (Yamamoto et al.,
2019) using the same longitudinal dataset. We investigated the

their daily language environment (Roy et al., 2015; Bergelson
et al., 2019) and visual experience of faces (Jayaraman et al.,
2015; Jayaraman and Smith, 2019), hands (Fausey et al., 2016) or
objects (Clerkin et al., 2017; Suanda et al., 2019).
Acquisition of walking is one factor that changes how
infants see the world in everyday lives because our firstperson perspective visual experiences are shaped by our bodies.
Compared with crawling infants, walking infants have higher
and more distant visual fields (Kretch et al., 2014). The
development of wearable eye trackers for free-moving infants
has demonstrated that acquisition of walking changes not only
infants’ visual exploration but also gaze communication between
infant and parent. While moving on a walkway in the laboratory
room, walking infants directed their gaze straight ahead at
parents in front of them, whereas crawling infants looked down at
the floor (Kretch et al., 2014). A similar tendency was confirmed
in the situation where both infant and parent could move
freely in the laboratory room. Infants with an upright or sitting
posture were more likely to look at parent’s faces and engage in
eye contacts than infants with prone postures (Franchak et al.,
2018). These studies suggest that the change in infants’ firstperson perspective accompanied by a change in their locomotion
or posture affects the frequency of infants’ social looks and
eye contact.
The question that remains to be answered is how the situation
in which gaze communication occurs in daily lives changes along
walking development. Unlike gaze behavior directed toward a
social stimulus presented on the monitor in the experimental
room, daily gaze communication in the real world is embedded
in the three-dimensional space. In the space, both infants and
parents can move around freely, and many objects are arranged
in a complex manner. In such a messy environment, the
transition from crawling to walking changes not only infants’
locomotion itself, but also infants’ interaction with objects and
people. Compared to crawlers, walkers move more, see more,
play more, and interact more (for reviews, see Adolph and TamisLeMonda, 2014). After the onset of walking, infants take more
steps, travel farther distances, and fall less (Adolph et al., 2012).
The elevated vantage point of walkers enables them to see distant
objects (Kretch et al., 2014), and the hands that become free
from supportive functions allow access to and carrying of distant
objects (Karasik et al., 2011, 2012; Dosso and Boudreau, 2014).
Moreover, walkers are more likely to approach their parents
to share objects (Karasik et al., 2011) and make vocalizations
and gestures directed to their parents (Clearfield, 2011). Taken
together, it is no wonder that the ecological context in which gaze
communication occurs may also change as infants’ interaction
with objects and people changes with walking development.
The aim of the current study is to investigate how the
ecological context in which daily gaze communication occurs
changes with walking development from the point of view of
the spatial arrangement of the infant, the parents, and objects.
The interpersonal distance and relative arrangement of objects
influence infant-parent gaze communication by interacting with
the magnitude of the gesture and the infant’s age (Butterworth
and Jarrett, 1991; Deák et al., 2000; Flom et al., 2004; Gonseth
et al., 2013; Yamamoto et al., 2019). The infant-parent distance
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FIGURE 1 | (A) We observed daily infant-parent interaction using head-mounted eye trackers worn by the parents. The infants and parents could move freely in their
home environment. (B) Image at the time of eye contact captured from the scene camera of a head-mounted eye tracker worn by a parent. For each eye contact
scene, we counted the number of objects on the floor between the dyad (light green) and objects in infant’s hands (blue).

developmental change in the spatial arrangement of infants,
parents, and objects where gaze communication occurred,
focusing on (i) infant-parent distance and (ii) the number of
objects between them at the time of eye contact. Regarding the
interpersonal distance at the time of eye contact, we predict
that the effect of walking development would vary depending
on who initiates eye contact with the social partner. After the
onset of walking, the elevated vantage point leads infants to see
and access distant objects or people (Karasik et al., 2011; Kretch
et al., 2014), but there is no such change for parents. If an infant’s
visual exploration leading to gaze communication is shaped
by the infant’s first-person perspective view, the interpersonal
distance at the time of eye contact would increase with the infant’s
walking development only for the eye contact the infant, not the
parent, initiates. Regarding the number of objects at the time
of eye contact, a previous study has showed that walkers are
more likely to carry objects and approach their parents to share
these objects than are crawlers (Karasik et al., 2011). Thus, we
predict that the visual environment between infant and parent
will become cluttered with more objects consistent with the
infant’s walking development. We evaluate the effect of walking
development on the number of objects between the dyad while
controlling for the effect of interpersonal distance because the
number of objects on the floor between the dyad is expected
to increase with the interpersonal distance irrespective of the
infant’s walking development.

to look at and focus on the center of a card with a blackand-white target held at arm’s length, and a calibration was
then performed using eye-tracking software (Tobii Glasses
Controller). We told parents that we were just interested in
the infants’ everyday activity and infants and parents could
engage in any daily activities, go anywhere in their home and
play with any of the available toys (see Figure 1A). After the
observation, we measured the infant’s face size (between the chin
and the eyebrows).
For each observation day, we also recorded infant-parent
social interaction with a head-mounted camera (GoPro Hero4,
Woodman Labs) worn by H.Y. so that participants could be seen
on the head-mounted camera as much as possible. However,
due to a malfunction of the battery, we were unable to record
videos from the head-mounted camera on several observation
days (when infant A was 12.5 months of age, when infant D was
14.5 months of age, and when infant E was 15.5 months of age).
We could not collect data when infant E was 12 months of
age because infant E was in poor physical health. The mean
observation time for each day was 1 h 25 min, and the mean total
observation time for one infant was 16 h 48 min. Extensive details
regarding data collection and the age in days for each observation
day are included in the report by Yamamoto et al. (2019).
All infants participated with written informed consent from
their parents. In addition, for publication of identifying images
in an online open-access publication, we obtained informed
consent from the parents of the infant, as shown in Figure 1.
This research was approved by the ethics review board at the
Unit for Advanced Studies of the Human Mind, Kyoto University
(27-P-6) and was conducted in accordance with the Helsinki
Declaration guidelines and regulations.

2. MATERIALS AND METHODS
2.1. Participants and Data Collecting
Five healthy, full-term infants (1 male and 4 female; A–E)
and their mothers contributed to the present study, beginning
when the infant was 10 months old and ending when the
infant was 15.5 months of age. All participants were of Japanese
ethnicity. This sample was taken from a longitudinal study
investigating the effect of interpersonal distance on infant-parent
gaze communication by Yamamoto et al. (2019).
We visited each participant’s home on alternate weeks and
recorded infants’ and parents’ daily activities from a headmounted eye tracker (Tobii Glasses 2, Tobii Technology) worn
by parents for up to 1.5 h each day. Before every recording,
the parent wearing the head-mounted eye tracker was instructed

Frontiers in Psychology | www.frontiersin.org

2.2. Data Processing
Using video recordings from the parent’s point of view, we
performed five data processing steps (Yamamoto et al., 2019). (i)
We coded 3 types of infant locomotion—“crawling,” “cruising,”
and “walking”—with one-zero sampling (Altmann, 1974) for 15
s and calculated the proportion of the infant’s walking time to
the sum of walking time and crawling time for each observation
day. (ii) By checking the parent’s perspective video frame by
frame, we identified the video frame of each eye contact. The
video frame of the eye contact was defined as the video frame
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of the “parent looking at the infant’s face,” and the infant’s gaze
was coded as “directed to the parent” by the coders. Coding
whether the infant’s gaze was directed to the parent from the
parent’s perspective video was based on Edmunds et al. (2017).
We defined continuous eye contact video frames that included
glances from either partner for less than 1 s but no longer
than 1 s as an eye contact bout (EC bout). (iii) By checking
which partner initiated the eye contact, we categorized an EC
bout as either an infant-led or parent-led EC bout. (iv) We
defined an eye contact session (EC session) as a series of EC
bouts with short inter-EC-bout intervals and used it as an
independent observation unit because EC bouts usually occurred
intermittently. (v) The monocular camera generates a one-to-one
relationship between the object and the image. Using the video
frames of EC bouts, we estimated the interpersonal horizontal
distance at the time of the EC bouts from the accelerometer data
from the head unit, the focal length, and the real and pixel size of
the infant’s face (between the chin and the eyebrows). Extensive
details regarding data processing were included in the report by
Yamamoto et al. (2019).
The aim of the present study was to investigate developmental
changes in the spatial arrangement of infants, parents, and objects
where daily gaze communication occurs, focusing on infantparent distance and the number of objects between them. With
this aim, we newly coded two measures: the proportion of
distance category and the number of objects between the dyad.

by their parents in social interactions. We did not code such
instantaneous samples because infants could not adjust the
interpersonal distance. We calculated the proportion of each
distance category for each observation day. The second coder
independently judged a randomly selected 20% of the video, with
75% intercoder agreement (kappa = 0.77).

2.2.2. Number of Objects Between Infant and Parent
Using the head-mounted eye-tracker worn by the parents, we
output the first frame of each EC bout and coded the number
of objects placed between infant and parent. We counted the
number of objects that infants could lift from the floor, such as
balls or toys and not tables or sofas. This definition was based on
the concepts of “detached objects” and “attached objects” from
Gibson (1979). Using this definition, we prioritized foreground,
not background, objects (the book on the floor and not the
floor itself).
Sometimes, there were EC bouts in which it was difficult to
accurately count individual objects, such as balls in a basket.
In such situations, multiple objects were nested within another
object, and one object could be covered with another object.
Because it was difficult to count the exact number of nested
objects at the micro level, we counted the macroscopic visual unit
as one object. In case of “balls in a basket,” we counted all the balls
and the basket as one object.
Some objects were sometimes held by the infant or parent.
For each EC bout, we counted the number of objects between
infant and parent in each of object locations, “on the floor” or “in
infant’s hands” (see Figure 1B). The second coder independently
judged a randomly selected 20% of the EC bouts with average
81.6% intercoder agreement (on the floor: 78%; in infant’s hands:
85%), and the numbers of objects were correlated (on the floor:
r = 0.55; in infant’s hands: r = 0.80). We removed three EC
bouts (0.001% of total EC bouts) because of a difficulty in coding
from an image blur, and finally, we analyzed 3135 EC bouts.

2.2.1. Proportion of Distance Category
To understand the relation between walking development and
the infant-parent distance at which gaze communication occurs,
it is also necessary to investigate the usual infant-parent distance,
which is not limited to the gaze communication context. If an
infant’s walking development increases the time the infant is
far from their parents at various daily contexts, and if gaze
communication occurs randomly and irrespective of context,
then it is no wonder that the interpersonal distance at the time
of eye contact increased with walking development. However, if
the developmental change of an infant’s first-person perspective
shapes the interpersonal distance in face-to-face interactions,
then an increase in the interpersonal distance consistent with
walking development might occur more clearly in the gaze
communication context than in other contexts. To investigate
whether the developmental change of the interpersonal distance
at the time of eye contact could be simply explained by the
developmental change of the usual interpersonal distance, we
need to evaluate the usual interpersonal distance for each
observation day.
We coded infant-parent distance using the recording from
a head-mounted camera worn by H.Y. We coded infant-parent
distance into four ordered categories, “0–0.5 m,” “0.5–1.0 m,”
“1.0–1.5 m,” and “1.5 m or more,” with instantaneous sampling
(Altmann, 1974) for every 30 s. There were some instantaneous
samples in which the infants’ movement had been constrained
by the parent or environmental objects. For example, infants
were sometimes put in playpens when the parent did not
want to be disrupted by the infants in order to do light
housekeeping. Moreover, infants were sometimes held or carried
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2.3. Data Analysis
We conducted three main statistical analyses using Bayesian
state-space models. The core of the state-space model is a
generalized linear mixed model (GLMM) (Baayen, 2008) used
to estimate the effects of various explanatory variables on the
response variables measured from longitudinal observation data
and considering the effects of temporal autocorrelation. Analysis
1 was intended to estimate the effect of walking development on
the infant-parent distance at which eye contact occurs. Analysis
2 was intended to estimate the effect of walking development
on the usual infant-parent distance, which is not limited to
the gaze communication context. Analysis 3 was intended to
estimate the effect of walking development on the number of
objects between infant and parent. In each analysis, we estimated
the coefficient parameters of the explanatory variables. If the
parameter estimate of one explanatory variable is positive, it
can be interpreted that the response variable increases with
the value of the explanatory variable, while controlling for the
effects of the other explanatory variables. If the 95% credible
interval of the parameter does not include zero, it can be inferred
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that there is a significant effect, as seen in classic statistical
hypothesis testing.
In a previous study, we found that infant-led EC occurs at
a greater interpersonal distance than parent-led EC (Yamamoto
et al., 2019). The purpose of Yamamoto et al. (2019) was
to evaluate the effect of infant-parent distance on daily gaze
communication between the dyad, and the response variable was
the number of EC bouts within the EC session. Contrary to
Yamamoto et al. (2019), the purpose of the current study is to
evaluate the effects of an infant’s walking development on infantparent distance (Analysis 1) or the number of objects between
the dyad (Analysis 3) at the time of eye contact. Although the
purpose and response variables were different from those in the
previous study, we used the same sample in this study as that
used in the previous study. To avoid redetecting the previously
reported effects involving the initiator of eye contact, we divided
the data into two subsets by the initiator of the EC bouts, and
we individually analyzed infant-led EC bouts and parent-led EC
bouts in Analysis 1 and Analysis 3, respectively.
In Analysis 1, the response variable was the infant-parent
distance of an infant-led EC bout or parent-led EC bout following
a lognormal distribution. The explanatory variables were infant
age and proportion of infant’s walking time for each observation
day. Analysis 2 was a kind of mixed ordered logistic regression
controlling for the effects of temporal autocorrelation, and the
response variable was the proportion of each distance category
for each observation day. The explanatory variables were the
same as in Analysis 1. In Analysis 3, the response variable was
the number of objects on the floor between the dyad or objects in
the infant’s hands at the time of an infant-led EC bout or parentled EC bout following a Poisson distribution. The explanatory
variables were infant age, proportion of infant’s walking time
for each observation day, and infant-parent distance at each EC
bout. To consider differences in the EC session, we set the EC
session as a random intercept in Analysis 1. In Analysis 3, we
set the EC session as a random intercept for only the analysis of
objects on the floor because this setting made the Markov chains
convergence difficult for the analysis of objects in the infant’s
hands. In all analyses, we chose weakly informative priors for
the hyperprior of system noise because they helped to stabilize
parameter estimates (Gelman et al., 2013). More details on the
statistical models are described in the Supplementary Material.
All models were fitted using the Hamiltonian Monte Carlo
engine Stan 2.19.2 (Stan Development Team, 2019) in R 3.6.0
(R Core Team, 2019). All iterations were set to 11,000, and
burn-in samples were set to 1000 with the number of chains set
to four. The values of Rhat for all parameters were below 1.1,
indicating convergence across the four chains (Gelman et al.,
2013). To check our approach, we simulated the hypothesized
data-generating process using the posterior median 50 times, and
we iteratively estimated each model in Analysis 1 and Analysis 3.

use from crawling to walking over the longitudinal observation
(see Figure S1).

3.1. Infant-Parent Distance at Which Eye
Contact Occurs
Referring to the 95% credible interval (CI) of the posterior
distributions of the fixed effect parameters (Table 1), the
proportion of the infant’s walking time had a clearly detected
effect on the infant-parent distance at which an infant-led EC
bout occurs (mean = 0.005, 95% CI = [0.0002, 0.009]) because the
95% CI did not include zero. Contrary to an infant-led EC bout,
the proportion of the infant’s walking time did not have a clearly
detected effect on infant-parent distance at which a parent-led
EC bout occurs (mean = 0.0007, 95% CI = [−0.002, 0.004]). The
95% CIs of the effect of age on infant-parent distance included
zero for both infant-led EC bouts (mean = −0.053, 95% CI =
[−0.119, 0.010]) and parent-led EC bouts (mean = −0.010, 95%
CI = [−0.053, 0.032]).
Figure 2 shows the longitudinal development of the infantparent distance at which eye contact occurs for a representative
infant-parent dyad (see Figure S2). Because the effect of walking
time had a positive value only for infant-led EC bouts, the
predictions of the infant-parent distance at the time of eye contact
increased with the proportion of the infant’s walking time only
for infant-led EC bouts but not for parent-led EC bouts. We can
also confirm this tendency from predictions of the mean infantparent distance at the time of eye contacts for each observation
day from all infant-parent dyads (Figure 3).
To check our approach, we simulated new time series data
and estimated the parameters of the model with the new
data 50 times. Regarding the infant-led EC bouts, the Markov
chains converged 49 times, and the 95% CIs of the posterior
distributions of the fixed effect parameters did not include zero
18 times (36.7%) for the effect of age, and they did not include
zero 29 times (59.2%) for the effect of walking time. Regarding
the parent-led EC bouts, the Markov chains converged 50 times,
the 95% CIs of the posterior distributions of the fixed effect
parameters did not include zero 5 times (10%) for the effect of
age, and they did not include zero 8 times (16%) for the effect of
walking time.

3.2. Proportion of Distance Category
Referring to the 95% CI of the posterior distributions of the
fixed effect parameters (Table 1), both the proportion of infant’s
walking time (mean = 0.005, 95% CI = [−0.006, 0.014]) and age
(mean = 0.016, 95% CI = [−0.131, 0.193]) had no clearly detected
effects on the proportion of distance category because the 95%
CIs included zero. This result suggests that the usual infantparent distance that is not limited to the gaze communication
context did not change with the proportion of infant’s walking
time when controlling for the effect of temporal autocorrelation
and infant age (see Figure S3).

3. RESULTS

3.3. Number of Objects Between Infant and
Parent

Although there were individual differences in motor
development, all infants changed their locomotion in daily

Regarding the objects on the floor, referring to the 95% CIs of the
posterior distributions of the fixed effect parameters (Table 1),
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TABLE 1 | The posterior distribution of the parameters of the model.
Analysis

Response variable

Analysis 1

Distance (Infant-led EC)

Explanatory variable
Age
Walking time

Distance (Parent-led EC)

Analysis 2

Analysis 3

Proportion of distance category

Age

EAP

2.5%

97.5%

−0.053

−0.119

0.010

0.005

0.0002

0.009

−0.053

0.032

Walking time

0.0007

−0.002

0.004

Age

0.016

−0.131

0.193

Walking time

0.005

−0.006

0.014

−0.010

Number of objects on the floor

Age

−0.041

−0.180

0.092

(Infant-led EC)

Walking time

−0.002

−0.013

0.009

0.944

0.750

1.15

Distance
Number of objects on the floor

Age

(Parent-led EC)

Walking time

0.016

−0.135

0.159

−0.012

−0.024

0.00002

1.63

1.26

2.00

−0.032

−0.096

0.028

0.003

−0.002

0.008

Distance

−0.051

−0.176

0.068

Number of objects in infant’s hands

Age

−0.024

−0.096

0.042

(Parent-led EC)

Walking time

0.001

−0.004

0.006

Distance

0.144

−0.035

0.312

Distance
Number of objects in infant’s hands

Age

(Infant-led EC)

Walking time

The mean (EAP) and quantiles (2.5% and 97.5%) of the posterior distribution are shown.

FIGURE 2 | Longitudinal development of interpersonal distance at which infant-led EC bouts (left) occur and interpersonal distance at which parent-led EC bouts
(right) occur in one representative infant (infant A). The posterior mean (large colored dots) and 95% credible interval (gray areas) of the mean interpersonal distance of
EC bouts in each observation day are shown. The observed data are represented with small colored dots. The color of the dots represents the proportion of the infant’s
walking time to the sum of walking time and crawling time for each observation day. Note that the interpersonal distance of each EC bout (meters) is log transformed.

the 95% CIs of the effect of walking time on the number of
objects between the dyad included zero for both infant-led EC
bouts (mean = −0.002, 95% CI = [−0.013, 0.009]) and parentled EC bouts (mean = −0.012, 95% CI = [−0.024, 0.00002]). The
95% CIs of the effect of age also included zero for both infantled EC bouts (mean = −0.041, 95% CI = [−0.180, 0.092]) and
parent-led EC bouts (mean = 0.016, 95% CI = [−0.135, 0.159]).
Infant-parent distance had a clearly detected effect on the number
of objects between the dyad for both infant-led EC bouts (mean
= 0.944, 95% CI = [0.750, 1.15]) and parent-led EC bouts (mean
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= 1.63, 95% CI = [1.26, 2.00]) because the 95% CIs did not
include zero.
Regarding the objects in the infant’s hands, the 95% CIs of all
effects on the number of objects included zero for both infant-led
EC bouts (age: mean = −0.032, 95% CI = [−0.096, 0.028]; walking
time: mean = 0.003, 95% CI = [−0.002, 0.008]; distance: mean =
−0.051, 95% CI = [−0.176, 0.068]) and parent-led EC bouts (age:
mean = −0.024, 95% CI = [−0.096, 0.042]; walking time: mean =
0.001, 95% CI = [−0.004, 0.006]; distance: mean = 0.144, 95% CI
= [−0.035, 0.312]).
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FIGURE 3 | Relationship between the proportion of infant’s walking time and the posterior mean of the interpersonal distance (log transformed) at the time of
infant-led EC bouts (left) and parent-led EC bouts (right). Each dot represents one observation day. The color of the dots represents each infant-parent dyad.

FIGURE 4 | Relationship between the infant-parent distance and number of objects on the floor between the dyad for infant-led EC bouts (left panel; cyan) and
parent-led EC bouts (right panel; magenta) on one observation day of one infant (when infant A was 15.5 months of age). The posterior mean (colored lines) and 95%
credible interval (colored areas) of the mean number of objects between the dyad are shown. The colored dots represent the observed data.

chains converged 48 times, and the 95% CIs of the posterior
distributions of the fixed effect parameters did not include zero
3 times (6.3%) for the effect of age, they did not include zero
37 times (77.1%) for the effect of walking time, and they did
not include zero 48 times (100%) for the effect of interpersonal
distance. Regarding the number of objects in the infant’s hands
at the time of infant-led EC bouts, the Markov chains converged
48 times, and the 95% CIs of the posterior distributions of the
fixed effect parameters did not include zero 4 times (8.3%) for
the effect of age, they did not include zero 8 times (16.7%) for
the effect of walking time, and they did not include zero 5 times
(10.4%) for the effect of interpersonal distance. Regarding the
number of objects in the infant’s hands at the time of parentled EC, the Markov chains converged 47 times, and the 95% CIs
of the posterior distributions of the fixed effect parameters did
not include zero 4 times (8.5%) for the effect of age, they did
not include zero 4 times (8.5%) for the effect of walking time,
and they did not include zero 17 times (36.2%) for the effect of
interpersonal distance.

Figure 4 shows the predictions for the number of objects
on the floor between a dyad for a representative observation
day of one infant-parent dyad (see Figures S4, S5). Because
the effect of interpersonal distance had a positive value
for both infant-led EC bouts and parent-led EC bouts, the
predictions of the number of objects on the floor between
the dyad increased with interpersonal distance regardless of
whether the eye contact was initiated by the infant or
the parent.
To check our approach, we simulated new time series data
and estimated the parameters of the model with new data 50
times. Regarding the number of objects on the floor at the time
of infant-led EC bouts, the Markov chains converged 48 times,
and the 95% CIs of the posterior distributions of the fixed effect
parameters did not include zero 0 times (0%) for the effect of
age, they did not include zero 2 times (4.2%) for the effect of
walking time, and they did not include zero 48 times (100%)
for the effect of interpersonal distance. Regarding the number
of objects on the floor at the time of parent-led EC, the Markov
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4. DISCUSSION

of the dyad expanded with walking development. Taken together,
these results suggest that at least the space at which gaze
communication is initiated by the infant, not by the parent,
expands with infants’ walking development.
The current study adds to a growing body of research
demonstrating that infants’ visual experiences are tied to their
posture (Kretch et al., 2014; Franchak et al., 2018). Walking
infants have higher and more distant visual fields than do
crawling infants (Kretch et al., 2014), and infants’ motor costs
of social looks are lower when infants are in an upright posture
than when they are prone (Franchak et al., 2018). In this study,
the increased visibility of parents in high and distant positions
may have allowed walking infants to look at their social partners
from farther interpersonal distances. Unfortunately, it is difficult
to make strong claims about infants’ social looking behavior from
our results because our data were recorded from infants’ secondperson perspective, and we have no data about how infants
looked at parents when infants were not visible to their parents.
However, considering that infants and parents have a “seeing”
and “be seen” relationship at the time of eye contact, this study
suggests that infants’ visual experience of gaze communication is
affected by infants’ posture or locomotion.

This is the first study to describe the ecological contexts in which
gaze communication occurs and how it changes with walking
development in infant’s everyday lives. With eye contact scenes
recorded from infant’s second-person perspective, we evaluated
the longitudinal change in the spatial arrangement of infants,
parents, and objects at the timing of eye contacts, focusing on
infant-parent distance (Analysis 1 & Analysis 2) and the number
of objects between them (Analysis 3).

4.1. Infant-Parent Distance at Which Eye
Contact Occurs
In Analysis 1, interpersonal distance for infant-led EC bouts
increased along with the proportion of infant’s walking time.
This result suggests that the interpersonal distance at which
gaze communication occurs from infants increases with walking
development. This result could not be explained by mere
developmental change to the usual infant-parent distance, which
is not limited to the gaze communication context. In Analysis
2, the proportion of distance category was not associated
with the proportion of infant’s walking time, suggesting that
the amount of time that infants are farther away from their
parents did not change with walking development. Moreover,
interpersonal distance for parent-led EC bouts did not show
a clear change with the proportion of infant’s walking time in
Analysis 1. These results suggest that the transition from crawling
to walking increases the interpersonal distance at which gaze
communication is initiated only for infants and not for parents.
Although previous studies have reported that infant-parent
distance or time away from parents increased with motor
development or age (Jayaraman et al., 2015; Thurman and
Corbetta, 2017, 2019; Hoch et al., 2019a; Jayaraman and Smith,
2019), we could not observe an increase in time away from
the parent with walking development or age. There are several
possible reasons for the discrepancy between this study and
previous studies. First, the size of participants’ houses may
have limited the possible range of infant-parent distance. Motor
development is shaped by social and cultural factors because
infants grow up in everyday environments (Adolph and Hoch,
2019). Generally, houses are smaller in Japan than in other
countries, and such a cultural difference may lead to no change in
infant-parent distance in this study. Second, coarse coding with
ordinal scales may have prevented detection of the effects found
in previous studies. Third, the small sample size may have made it
difficult to detect the effect of infant’s walking or age. Depending
on the situation for data collection or behavioral measures, it
is possible that the daily positioning of the infant and parent
has expanded with infant age or walking development. However,
using the measure of interpersonal distance at the timing of
eye contact, the interpersonal distance at which infants initiated
eye contact increased with walking development, while the
interpersonal distance at which parents initiated eye contact did
not change. Such differences in the development of interpersonal
distance at the timing of eye contact cannot be explained simply
by the usual interpersonal distance, even if the daily positioning
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4.2. Number of Objects Between Infant and
Parent
In Analysis 3, we investigated whether the number of objects
between infants and parents is affected by walking development.
Contrary to our prediction, regardless of whether eye contact was
initiated by the infant or the parent, the number of objects on
the floor between the dyad or objects in the infant’s hands did
not change with the proportion of infant’s walking time when
controlling for effects of temporal autocorrelation, infant age, and
interpersonal distance at which eye contact occurs.
Previous studies suggest that walkers are more likely to
carry objects and approach their parents to share objects than
crawlers (Clearfield, 2011; Karasik et al., 2011, 2012). However,
taking into account interpersonal distance, this study reveals that
there is no indication of the space between the dyad becoming
more cluttered with objects when walking develops. This may
be because infants’ natural act of walking is characterized as
exploratory rather than destination directed (Cole et al., 2016;
Hoch et al., 2019a,b). During free play, short bouts, curved
paths, and omnidirectional steps are prevalent in infants’ walking
(Lee et al., 2018), and infants’ walking often does not end near
discernible destinations, such as objects or people (Cole et al.,
2016; Hoch et al., 2019a,b). Considering that the prevalence
of short bouts and the rarity of destinations persist across
the development of walking (Cole et al., 2016; Lee et al.,
2018), walkers’ carrying behavior may not be characterized as
destination directed. Such a characteristic of infants’ natural
walking might make it difficult to detect the effect of walking time
on the number of objects on the floor between the dyad or objects
in the infants’ hands in this study.
Although the proportion of infant’s walking time did not
have a clear effect on the number of objects between infants
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and parents, the number of objects on the floor tended to
increase with the infant-parent distance regardless of whether
eye contact was initiated by the infant or the parent. In daily
life, unless objects are concentrated in a particular location in
space, it is generally expected that more objects will appear
as the interpersonal distance increases. This study does not
directly measure the distribution of objects in infants’ everyday
environment, but this result shows that the number of objects on
the floor between the dyad in daily gaze communication is closely
related to the positioning of infant and parent. Considering that
developmental change in the interpersonal distance at the time
of infant-led EC bouts is associated with walking development,
these results suggest that as the crawling infant makes the
transition to upright locomotion, eye contact initiated by infants
occurs in situations that are more distant and with more objects
in front of them, which may have profound implication for the
development of shared attention.

infant’s visual field, and, as infants grow, they can follow an adult’s
gaze to target objects in their periphery and outside of the infants’
visual field (Butterworth and Jarrett, 1991; Deák et al., 2000;
Flom et al., 2004). If walking development changes the ecological
context of shared attention to that similar to a large interpersonal
distance so that the parent’s face and the target object are
simultaneously within the infant’s visual field, then the infant
might achieve shared attention easily because the parent’s gaze
can be tracked without the motor cost from tilting the infant’s
head up or object representation outside of the visual field. On
the other hand, when we focus on the spatial arrangement of
distractors within an infant’s first-person perspective, walking
development may increase the infant’s task demand for shared
attention. Although it depends on the noticeability of the
parent’s attention-directing gestures (i.e., looking, head turn, and
pointing), young infants often fixate on intermediate objects or
distractors and fail to engage in shared attention (Butterworth
and Jarrett, 1991; Flom et al., 2004). If walking development
changes the ecological context of shared attention to that similar
to a large interpersonal distance so that many distractors are
within the infant’s visual field, such a situation might make it
difficult to achieve shared attention, especially for young infants.
Second, the arrangement of objects on the floor between the
dyad may influence a pathway to achieve shared attention. Recent
studies using head-mounted eye trackers worn by infants have
reported that there are two pathways to achieve shared attention:
the gaze-following pathway and the hand-following pathway (Yu
and Smith, 2013, 2017a,b). If the visual environment between the
dyad at which the shared attention occurs changes with walking
development, then the weight of the pathways the infant uses
to achieve shared attention may also change. For example, at a
large interpersonal distance, infants may use information from
parents’ gaze direction rather than parents’ hand movement to
achieve shared attention because there may be many objects
that each person in the dyad cannot manually access, and
hand-following would not work for sharing attention about
such objects. To test these predictions, it would be necessary
to investigate developmental change in the ecological context
in which shared attention occurs by using head-mounted eye
trackers on both infant and parent.
Acquisition of new motor skills instigates and facilitates
cascades of change across a range of domains; this is known as
a developmental cascade (for reviews, see Campos et al., 2000;
Anderson et al., 2013; Adolph and Hoch, 2019; Franchak, 2020b).
A particularly intriguing developmental cascade traces walking
experience to language development. The onset of walking is
associated with increases in infants’ receptive and productive
vocabulary (Walle and Campos, 2014). Although the causal
mechanism is not fully identified yet, previous studies have
focused on social interaction as a factor that links walking
to language. Walkers more frequently retrieve (Dosso and
Boudreau, 2014), carry, and share distal objects (Clearfield, 2011;
Karasik et al., 2011, 2012), and parents provide different verbal
responses to walkers compared with crawlers (Karasik et al.,
2014). However, although shared attention is closely related
to later language development (Brooks and Meltzoff, 2005;

4.3. Implication for Shared Attention
The current study shows that the ecological context in which
gaze communication occurs changes with infants’ walking
development from the point of view of the spatial arrangement
of the infant, the parents, and objects. Along with walking
development, eye contact from the infants was likely to occur
in situations where the infant-parent distance was larger, and
therefore, more objects were cluttered on the floor between the
dyad. This finding suggests that infants’ locomotion or posture
dynamically changes the visual environment between the dyads
when infants initiate gaze communication.
In this study, we showed that the space at which eye contact
was initiated by the infant expanded with infants’ walking
development, but it may also be related to shared attention in
daily face-to-face interaction. Eye contact is an event closely
linked to shared attention, which forms a referential triangle of
infants, adults, and target objects (Tomasello, 2009). Eye contact
encourages the infant’s gaze to follow a target object (Senju and
Csibra, 2008; Ishikawa and Itakura, 2019), and infants often
produce eye contact to initiate joint attention (Mundy et al.,
2007). If the expansion of the space at which an infant-led EC
bout occurs derives from an embodied factor, such as a change
in the infant’s first-person visual experience consistent with their
motor development, then the visual environment of the shared
attention that the infant experiences may also be characterized by
a larger interpersonal distance that is more cluttered with objects
consistent with the infant’s walking development. Such a spatial
arrangement of infant, parent, and objects may be associated with
shared attention in multiple ways.
First, the arrangement of objects in the infant’s first-person
perspective may influence the infant’s task demand to achieve
shared attention. In general, achieving shared attention involves
the relative spatial arrangement of the infant, the parent, the
target object, and distractors. When we focus on the spatial
arrangement of the target object in the infant’s first-person
perspective, walking development may decrease the infant’s task
demand for shared attention. By 6 months of age, some infants
can follow an adult’s head turn toward a target object within the
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Okumura et al., 2017), there is no behavioral study investigating
the relation between walking development and shared attention
in everyday life (but see Walle, 2016). To reveal the causal
mechanism of the developmental cascade set off by walking, it
would be necessary to investigate the relation between walking
development and shared attention, taking into account the gaze
communication space in further study.
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There are several limitations to this study. One limitation is its
small sample size as our data came from only five dyads. There are
many previous studies that employ small sample sizes but analyze
high-density data in language, motor, and social development
(Thelen et al., 1993; Yoshida and Smith, 2008; Franchak et al.,
2011; Yu and Smith, 2012; Roy et al., 2015; Clerkin et al.,
2017; Suanda et al., 2019). This is especially true in headmounted eye tracking studies, as the time-intensive, frame-byframe scoring typically leads to modest sample sizes (Franchak,
2020a), and this study is no exception. Although our dense
set of longitudinal recordings provides useful information to
understand the developmental process of natural gaze behavior,
establishing the generality of our results will require more
evidence. Another limitation comes from our method. It is
difficult to draw any conclusion about infants’ own social looking
behavior because our data were recorded from infants’ secondperson perspective. In addition, the implications for shared
attention must be considered as hypotheses to be tested because
our results are descriptive and correlational.
In spite of the limitations above, this study shows how the
spatial arrangement of the infant, the parent, and objects where
gaze communication occurs changes with walking development
in everyday life. The transition from crawling to walking changes
the ecological context in which infants initiate eye contact to
a visual environment characterized by a large infant-parent
distance and more objects cluttered between the dyad. Infants’
exploration is closely tied with their posture or motor skills,
and the exploratory experiences in everyday life are assumed to
mediate developmental cascades (Franchak, 2020b). Although
many developmental theories have emphasized the role of
infants’ experience in infant development for a long time, direct
measurement of infants’ daily experiences is rare (Dahl, 2017).
By recording daily face-to-face interaction from infants’ secondperson perspective, we found longitudinal change in free-moving
dyads’ gaze communication in everyday life. Further studies
describing daily gaze communication from infants’ secondperson perspective as well as infants’ first-person perspective may
shed light on how new motor skills provide infants with new
opportunities for learning in their lived experiences.
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With drinking, I cancel all my troubles;
What does it matter if I am poor?
When I drink I am as rich as the rich Croesus.
I really want to sing
while I’m lying down, crowned with ivy.
Here: I am the master of the world
and if you want, o soldier,
goes to war too.
When you have fallen, pierced,
I will be drunk, yes, but far more alive than you
(Anacreon, 5th cent. B.C.).

INTRODUCTION
This paper aims to offer some insights on the concept of socio-materiality from the perspective of
neuroscientific research. The example that will be proposed is that of the neuropsychological effects
of alcohol abuse at both individual and intergenerational levels.
Alcohol consumption has always been a case of construction and use of cultural artifacts. Neuroscientific studies related to the effects on the brain and behavior of a molecule (ethanol) transformed
into consumer objects (alcohol) can profitably be integrated with psychosocial studies on the role
of context and social practices in the predisposition to alcohol use/abuse to understand how the
encounter with a socio-material element of the experience—alcohol—impacts on psychological
development in the life span.
Specifically, with respect to the wide constellation of psychological phenomena related to the
“galaxy” of alcohol consumption/abuse, some considerations will be offered on the fetal alcohol
spectrum disorders (FASD). In fact, it is grounded in particular socio-cultural situations such as
those typically connected to consumption during pregnancy and is one of the main causes of
intellectual disability of the offspring; furthermore it also longitudinally predisposes to alcohol
abuse in adolescence, enhancing the already strong social pushes to consumption of substances
in that age of life also thanks to social alibis such as socializing disinhibition. In short, a vicious
circle that must be interrupted, is rooted in the body, affects the mind, and costs to society. At
the center of this vicious circle, a cultural artifact that, like many of the socio-material objects of
our experience, loses its neutral character depending on the individual and social uses it allows
(think of the pervasive debate on the various forms of technological addiction: Milani et al., 2018).
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THE BURDEN OF EARLY ALCOHOL
EXPOSURE

a detrimental cumulative or synergic effect on the offspring’s
brain and cognitive function (e.g., Rivkin et al., 2008; Gautam
et al., 2015). This is enough to warn the general public and
the policy-maker about the risk of exposing the fetus to
harmful molecules.

Unlike most drugs acting on our brain, ethanol, usually referred
to as alcohol, when considered under the chemical point of
view, is a quite simple molecule (CH3 -CH2 OH). This might
explain why its well-known effect on the central nervous system
has been long attributed to a non-specific interaction with
the cell membrane of neurons. The neuroscientists now know
that alcohol can interact in a specific way with the two main
central neurotransmitters, modulating positively some GABA
receptors and negatively some glutamate receptors (Lovinger
et al., 1990; Weiner and Valenzuela, 2006). Furthermore, other
neurotransmitter receptors, including those for the opioids and
dopamine, as well as several voltage-gated ion channels, mediate
the effects of alcohol on neurons (see Abrahao et al., 2017, for
review). Therefore, despite its straight chemical structure, the
interplay of alcohol and brain is definitely complex.
Drinking the first glass of wine during an adolescents’
party can be an amazing experience, but for a few
people the long-lasting outcomes of this encounter may
eventually represent a dramatic devastation of their lives.
Everything is made even more complicated by the fact
that in most Western countries alcoholic beverages are
legal, socially accepted, and belong to the consolidated
culture. Moreover, new contexts, such as the social
media, can boost alcohol consumption in young people
(Hendriks et al., 2018).
For alcohol drinkers, the different periods of the
lifespan matter, the most striking instance being maternal
alcohol consumption during gestation. Drinking during
pregnancy harms the brain development of the offspring
and can result in FASD, one of the leading non-genetic
causes of intellectual disability. The economic and social
impact of alcohol misuse during pregnancy is dramatic
and the annual cost for children affected by FASD
exceeds that of other serious conditions, such as autism
(Greenmyer et al., 2018).
Alcohol consumption during pregnancy is underreported
in questionnaires (e.g., Morini et al., 2013) and FASD is
underdiagnosed, especially in some countries (Vagnarelli
et al., 2011) and in selected groups, such as adopted children
(Bakhireva et al., 2018). Furthermore, although some authors
think that prevention efforts should be devoted only to women
with heavy drinking habits (Hatfield, 1985), there is compelling
evidence, coming from both human and experimental
studies, that even moderate or “social” maternal drinking
can permanently impair offspring’s cognitive functions (Olson
et al., 1997; Valenzuela et al., 2012). Flak and coworkers, after
carrying out a meta-analysis on the effects of different levels of
prenatal alcohol exposure, conclude that “there is no known
safe amount of alcohol to consume while pregnant” (Flak et al.,
2014). Not to mention that many other substances of abuse,
including cocaine, can negatively affect the brain development
following exposure during critical gestational periods (reviewed
in Ross et al., 2015). Finally, the co-exposure to more than
one substance of abuse, such as alcohol and nicotine, can have

Frontiers in Psychology | www.frontiersin.org

A PRIMING ROLE OF THE EARLY
ALCOHOL EXPERIENCE?
But there’s something else to be worried about. Adolescents and
adults exposed to alcohol during fetal life show an increased
risk of becoming addicted to alcohol and other drugs (e.g., Baer
et al., 2003; Alati et al., 2006), thus perpetuating the damage in a
kind of transgenerational self-sustaining vicious circle (Figure 1).
One can argue that the higher risk of children of alcoholics is
the consequence of several social, environmental, and genetic
factors, not necessarily related to in utero exposure (Johnson and
Leff, 1999). In addition, the intellectual disability per se might
represent a risk factor for developing a substance abuse disorder
(Carroll Chapman and Wu, 2012).
However, Yates et al. (1998) carried out a study on
adoptees, ruling out several potential confounding variables,
and concluded that fetal alcohol exposure increases the risk
of later drug dependence. Many studies based on experimental
reproductions of FASD in rodents helped to answer the
question whether early alcohol is directly responsible for the
development of drug seeking behavior during adulthood (see,
Spear and Molina, 2005, for review). Recently, Wang et al. (2019),
using conditioned place preference and self-administration
paradigms1 , demonstrated that prenatal ethanol increases the
risk of psychostimulant addiction in adult rats. Therefore, a
“priming” role exerted by early alcohol exposure should be
taken into account when dealing with the higher risk of
drug dependence in young adults affected by FASD. This is
not surprising: even after experiencing something of apparent
negligible significance, our neurons will never be the same
anymore. In a word, neurons are plastic. The neurobiological
counterpart of neuronal plasticity was first described by Bliss
and Lomo in their seminal paper published in 1973 and is
represented by a long lasting increase of synaptic efficacy
following repetitive stimulation of glutamatergic hippocampal
synapses (Bliss and Lomo, 1973). The observation of this
phenomenon, referred to as long term potentiation (LTP), paved
the way for the subsequent work on brain plasticity. Many studies
pointed out that plasticity can be a good friend, but also a
foe, since several neuropsychiatric disorders, including FASD,
are characterized by a maladaptive plastic remodeling of neural
circuits, and/or by a change of their plastic capacity (see Cohen
et al., 2017). On this line of evidence, the permanent impairment
1 Two

paradigms largely used in experimental behavioral studies of addiction. The
conditioned place preference is based on the observation that addicted animals
(usually rodents) spend more time in one of two places in which they were given
the drug during conditioning, compared to the other, in which they received only
the vehicle (i.e., saline). In the self-administration protocol used in the cited study
(Wang et al., 2019), animals were trained to press a lever to receive intravenous
injection of the psychostimulant drug. Addicted animals self-administered more
drug infusions than controls.
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FIGURE 1 | Schematic diagram showing a neurobiological hypothesis to explain the trangenerational self-sustaining circle of drug addiction. Blue arrows represent
connections among events occurring in the same individual, while the red arrow represents transgenerational events.

CONCLUDING REMARKS

of dendritic calcium electrogenesis observed in cortical neurons
after early exposure to ethanol impacts synaptic plasticity, thus
accounting for the FASD-related learning disabilities (Granato
et al., 2012). Worth mentioning here, the neurobiological basis
of addiction is currently considered a sort of “wrong” plasticity,
or “excessive” memory of drug experience, occurring in the
dopaminergic mesolimbic circuit, the reward processing area of
the brain (see Kauer and Malenka, 2007). In utero exposure
to alcohol triggers widespread death of neurons (Olney, 2014),
whereas surviving cells undergo massive, possibly maladaptive,
plastic adjustments, often caused by the same signaling cascade
mediating apoptosis (Granato and Dering, 2018). The reward
system itself is altered and its plastic responses are persistently
modified, as demonstrated by the enhanced excitatory synaptic
strength of dopaminergic neurons of the mesolimbic system in
adult rats exposed to ethanol during prenatal life (Hausknecht
et al., 2015). Considering the role of the dopaminergic system
in the genesis of drug addiction, this finding can provide
a mechanistic explanation for the increased risk of drug
dependence in individuals who experienced an early exposure
to ethanol (Figure 1). Other structures known to be involved
in addictive behavior, such as the medial prefrontal cortex and
the amygdala, are also affected by early exposure to alcohol
and might contribute to generate drug dependence during later
life (Baculis et al., 2015; Sharp, 2017; Cantacorps et al., 2019).
Permanent consequences of early contacts with alcohol can be
also explained by epigenetic mechanisms, i.e., by the long-lasting
chemical modifications of DNA, some of which are known to be
induced by ethanol (e.g., Mead and Sarkar, 2014; Cobben et al.,
2019). Epigenetic modifications have also been demonstrated
to be responsible for the transgenerational transmission of fetal
alcohol effects through the male germline (Sarkar, 2016; Abbott
et al., 2018), thus accounting for the paternal contribution to
FASD (Abel, 2004).
Finally, prenatal alcohol can increase susceptibility to
substance abuse via indirect mechanisms. For instance,
FASD are characterized by a higher vulnerability to stress,
depression/anxiety disorders (Hellemans et al., 2010), and
aberrant pain sensitivity (Sanchez et al., 2017).
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The key role played by the socioeconomic context and by
education in the genesis of alcoholism cannot be underestimated
(Boardman et al., 2001; Newton and Lee, 2019). Nevertheless,
nature (i.e., neural circuits) and nurture (i.e., environmental
context) are strictly interdependent, and can interact in
such a way that the former is deeply modified by the latter.
Eventually, in case of irreversible circuit changes, even the most
refined attempts to improve the environmental conditions
may result ineffective. This prompts the neuroscientist
to search new therapeutic strategies to counteract the
permanent and detrimental plastic changes induced by harmful
environmental factors.
Considering alcohol as a cultural artifact with the profound
implications for the body here described can lead to a profitable
integration between the studies conducted by the neuroscientific
and psychosocial perspectives, providing each of them with the
opportunity to understand features that would escape from an
unintegrated view.
We define alcohol abuse as a phenomenon at risk of
intergenerational transmission. In this regard, the psychosocial
view offers the possibility of understanding when and in
which social and contextual framework the interaction with the
molecule takes place; of this same interaction the neuroscientific
view can provide a detailed comprehension of the specific
mechanisms and their medium and long term consequences from
the cerebral point of view.
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This paper adopts sociomateriality as a theoretical lens to further our understanding
of how imitation acts to support the use of objects, and in doing so, constitutes a
sociomaterial practice. Within a sociomaterial perspective we aimed to perform the
analysis of imitation as a powerful way to learn how to use objects embedded into
the practices within which the objects are constituted. The contribution of this approach
is illustrated using the findings of the application of the quasi-ecological Day in the Life
(DITL) methodology to the everyday lives of two 6-year-old children. Within a casestudy frame, we traced the children’s imitation behaviors focused on the use of objects
during an entire day of their life, the various people and practices with which they
were associated, the multiple sociomaterial configurations that the objects assume,
and the social and material consequences of their use. Imitation appears to be is a
complex activity, involving multiple stakeholders who interact in order to facilitate the
understanding of various artifacts across diverse knowledge domains, and enhance
their interpretive flexibility across communities of practice.
Keywords: sociomateriality, learning, imitation, artifacts, children’s daily life

INTRODUCTION
The meaning of socio-materiality that we adhere to in our research pertains to the way by which
a culture encourages its members to interact with material objects. From using forks to eat, to
maneuvering high-tech gadgets of modern times, humans are adept in swiftly learning to use a
wide range of tools in their daily lives. Mastery of “tool use” implies a progression from learning
to act “on” objects to learning to act “with” objects. Among the multiple resources that aid the
learning process, the most important are social interactions. How particular modes of interaction
are socialized, acquired and internalized by children is worthy of study.
We believe that the use of an object, from a most normative, to a more atypical, personally and
socially manipulated useage is transmitted through imitation. Imitation is a powerful mechanism
that stimulates the use of a material object, even if it is not the only one, and there are obvious
affordances of an object itself. Imitation is a traditional learning and communication tool, long ago
identified from (Thorndike, 1898, p. 50) as: “doing an act by seeing it done by someone else,” but
much debate has subsequently addressed and investigated this mechanism.
In this research we offer an operational definition, along with introducing certain theoretical
concepts that represent imitative behavior. Moreover, different mechanisms underlying imitative
behaviors and their different functions in use of material objects can readily be identified.
Extensive research (following Meltzoff and Moore, 1977; Gopnik et al., 2000) has addressed
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To apply the DITL methodology to questions regarding
children in the transition between exclusive home- to include
formal schooling (Marsico et al., 2013), DITL researchers are
obliged to adapt the methodology to accommodate the increase
of ecological niches across which the children and their families
transit through as they enter the school door (Bronfenbrenner,
1986; Sameroff, 2010). This involved the engagement of school
authorities, of educational administrators and teachers, of
community members including dance, art, swimming and music
teachers, youth leaders and neighbors (Cameron and Hunt,
2018). As a result we have had access by audio-visually recording
of the constant flow of actions and interactions that accompany
and mark the passing of a child’s day from his awakening to
his falling asleep at night, through the various contexts (family,
school) and with the various partners from time to time, from
family, teachers, friends, and neighbors.
Such an approach as that involving the qualitative methods
of the Day in the Life (DITL) procedures provides an efficacious
avenue for this sort of dynamic, multifocal, culturally sensitive
discovery (cf. Cameron and Pinto, 2020). Moreover following
children for just 1 day during their first year of schooling, at home
and at school shows the interaction, the zones of overlapping,
both contributing in different but sometimes also common
pathways to a child’s knowing in every domain, from the strictly
social, to the material. Liminality of education, the importance
of border zones (Valsiner, 2013), starting formal schooling is
a crucial event for young children and their families. How
well children negotiate this transition is important, as it affects
their long-term academic outcomes (Dockett et al., 2010); this
process can be thought of in ecological terms: As children move
from home to other learning environments, these environments
become increasingly important to their development and the
intersection of family and school is a crucial third locus for
development and education (Sameroff, 2010).

infants’ early imitation of motor imitation of adults in controlled
experimental settings. Alternatively, an ecological approach to
document and explore spontaneous imitative behaviors when
objects are involved can be used to illustrate how sociomateriality is shared in childhood by imitation. Transmission
of the use of an object corresponds to the transmission of
its meaning, value and relational function. The interaction
of this learning and communication can trigger the social
use of an object.
From early pretend play onward, when a 2-year-old infant
“turns objects into symbols”, as Rakoczy et al. (2005) assume,
objects acquire a metarepresentational role. “The development
of understanding symbolic actions with objects, we claim, is best
considered as part of children’s developing social understanding
more generally, and the development of performing symbolic
actions with objects is most fruitfully viewed as a process of
cultural learning, based on children’s nascent understanding of
intentional action and on cultural scaffolding” (p. 69).
This cultural learning goes on in every form of interaction
with objects performed in front of someone, and can transmit the
practical as well as symbolical meaning of objects.
The concept of guided participation described by Rogoff
(2003) offers instances where the interchange of the meaning
of actions, objects, tools are obtained by imitation. The adult
partner displays the use of an object in front of a child, thus
demonstrating its meaning.

THE METHODOLOGICAL CHALLENGE:
THE “DAY IN THE LIFE” (DITL) LENS
An examination of the phenomena involved in the induction of
socio-materiality via imitation requires methodological choices:
First of all, it is necessary to capture as intricately as possible
the sequence of the model actions and those of replication:
only in their sequence in time, in fact, does their imitative
nature make sense and sanction their interpretation. It is then
necessary to be able to place such actions in the context in
which they take place, accessing a picture as rich as possible in
detail, in terms of setting, rules and rhythms, other actors and
characters. In this effort we have applied an innovative quasiecological methodology, the DITL method, originally developed
by Gillen and Cameron (2010) and Gillen et al. (2007), whereby
the investigators audio-visually record to be able afterward
to observe, document, and explore the everyday transactions
of young children in situ during one specific day which has
been over the years confirmed to have both ecological and
heuristic validity.
The original methodology has been applied to
developmentally different aspects, allowing the researcher
to deepen, in socio-cultural perspectives how children
comprehend and co-construct (for instance) their symbolic
and literacy abilities (Pinto et al., 2008, 2011, 2015), their
affective experiences in the use of domestic spaces and their
meanings of cultural values for instance (Cameron et al., 2014b;
Gillen and Cameron, 2017).

Frontiers in Psychology | www.frontiersin.org

IMITATION IN A DITL OF CHILDREN IN
TRANSITION TO SCHOOL
Ecological observation of the everyday events of typically
developing children, potentiated by a audiovisual methodology
offers us a uniquely valuable lens through which to capture the
interesting and underestimated form of early social learning:
imitation. As many sociologists (cf. Berger and Luckman, 1967)
presume, the meaning of life is concentrated in the experience of
daily life events. Let us therefore define the meaning we attribute
to imitation, as it is a concept worthy of careful consideration.
Paulus (2011) stressed that a behavioral definition of imitation
can be helpful. While broadly encompassing, this definition can
also be wholly sharable.
“. . . imitation is designated in all the instances when infants
show the same behavior a model has performed in front of them
and as a consequence of the particular action the model has
performed (and not as a consequence of any other behavior).
We can clearly see that, assuming this analysis, the word
imitation comes with some assumptions about the imitative
behavior. Imitation is then used when a relation between two
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primary school, following their preschool experiences. They were
identified as healthy and thriving children in the framework
of a positive psychological research initiative. The videotaped
material inspired this investigation of motor imitation pertaining
to the use of objects, observable by the careful inspection of the
visual data recorded by the videotapes. We therefore identified
every motor sequence that was repeated or inspired by each
of the two participants under study. On the corpus of video
recordings relating to the entire day of the two participants, two
independent judges, members of the research team, carried out
a visual examination of the material with the task of detecting
all the episodes in which motor imitation behavior as previously
defined was present, creating a list. The comparison between
the choices made by the two judges revealed a 100% agreement.
The episodes reported are therefore all those identified with
the agreement of the two judges. The interpretation of the
events thus identified was carried out jointly by the authors,
and elaborated in the form of a discussion before articulating
the commentary of each of the episodes reported below, with a
cyclically inductive and deductive approach, from data to theory
and vice versa. The selected imitation situations were extracted
from the stream of the daily interactions, by two observers,
independently inspecting the 10 h of video-recordings of each
child’s “Day.” One videographer followed and filmed each child
throughout their day while a second researcher took careful
contextual notes. There was minimal verbal communication
between the researchers and participants during the recording
of the day(s). Rather, semi-structured interviews were conducted
before and after the data collection day. Before hand, participants
(child, parents, siblings, teachers, and peers) were fully appraised
in advance as to the procedures they were to expect, and
afterward, participants, their families and teachers were shown
a half-hour compilation of filmed clips of the full filmed day
and asked to comment in general on the selected clips and
specifically, as to whether they were somewhat representative of
the child’s daily life.

behaviors is assumed in which a second behavior is sufficiently
similar and causally connected to a first behavior without
concretely specifying the mechanism which subserved it in detail”
(Paulus, 2011, p. 850).
Consequently:
“...when observing infants in daily life, we hardly ever know
by which mechanism their imitative behavior actually was
subserved, especially when we are aware that this might also
change from situation to situation so that the same behavior in
one situation could be caused by reading the intention of others
and in another situation by emulation or mimicry. We only
can state at a behavioral level that infants imitated somebody”
(Paulus, 2011, p. 852).
Inasmuch as it would be possible to consider in imitative
behavior every enactment that somehow reproduces an earlier
one, including when the immediate presentation by the model
is not in sight, delayed imitation might be considered. But
considering examples of extended delays in imitation would also
divert our efforts to identify imitation solely by visual support
what was captured by in the audio-visual record. Thus, we do not
consider in our research delayed imitation behavior, as they could
misdirect our aims.
Having focused our attention on motor repetition to identify
imitation, we have subscribed to Byrne’s assumption that
“imitation is magical” (Byrne, 2005, p. 225), as imitative behaviors
by definition are just those behaviors that are not causally
explained by the more common mechanisms of reinforcement.
Accordingly, we hypothesize that this mechanism works very
frequently in children’s everyday lives (Toselli et al., 2018) and
we will explore partners and settings that enhance using material
objects in diverse ways, by imitation.

METHODOLOGY
Two Italian children were video-recorded during an entire DITL
(cf., Toselli et al., 2018) each for ten-hour-long continuous
episodes, across home (about 5 h) and school engagement.
During a DITL, a child is carefully filmed from the time s/he
repetition. In advance of the filming, the primary socializers
(in the home: the parents; in the school: the teachers) are
interviewed and they collaborate on providing access to a usual
Day’s events, interactions and contexts of participation. The
measures to reduce the interference constituted by the presence
of the observer, consisted not only in the specific training
and experience of the observer to that particular observational
method, but also in the preliminary knowledge and presentation
of the observers to the family in the days preceding the one
chosen for the registration of the overall day. While the child is
filmed, a note-taker records and maps contextual and cultural
information, important in the interpretation the transactions
viewed on film. No assumption of typicality in this cultural
project is made. Our analysis simply draws upon this recorded
corpus of naturalistic interactions between our participants, their
adult interlocutors and their siblings and peers, selecting those
transactions involving imitation of interactions with material
objects. Our two participating first graders were observed while
they successfully navigated 1 day during their first year in
Frontiers in Psychology | www.frontiersin.org

PARTICIPANTS
Our two Italian first graders are a boy, 6,7 year-old Martino,
and Sara, a 7,1 year-old girl, both attended the same class in a
school in a suburban area on the outskirts of a city in Central
Italy, characterized by a medium socio-economic level. In Italy,
most children (approximately 99%) are enrolled in state schools,
which thus provides a representative cross section of the Italian
population among kindergartners and primary school students.
the Italian population is characterized by a very low mobility, and
children tend to attend schools in the same neighborhood.
The research was performed in the first year of a State primary
school, attended by children between 6 and 7 years of age. The
aim of this level, compulsory, in the education system is to
provide pupils with basic learning and the basic tools of active
citizenship. Primary education is divided, for teaching purposes
only, into a first year, linked to pre-primary school, followed by
a further two levels of 2 years each. In primary schools, children,
according to their age, are organized into groups called “classes.”
The class where we worked with 22 pupils and, adopting the
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weekly school timetable of 30 h, had only one teacher, a generalist
supported by an English language teacher. The standard school
day consists of a total of 7 h, during which from 8.30 a.m. to 1
p.m. and from 2.30 p.m. to 4.30 p.m. the teaching activity takes
place. While from 1 p.m. to 2.30 p.m. the meal is eaten inside the
school structure in the presence of special staff.
Children in the Italian educational system typically start
kindergarten at age three and finish when they are five. Then,
children enroll in primary school when they are 6 years old.
Moreover, in Italian schools, children are exposed to formal
reading as soon as primary school begins. By contrast, the
national curriculum for kindergarten does not include the formal
teaching of reading and writing. According to national guidelines
(Law n. 254 of November 16, 2012), first-grade children are
expected to learn the instrumental level of the written language
(reading and spelling) and the basics of mathematics (arithmetic,
logic, geometry, and measuring). Teachers-students ratios are
2:28 in kindergartner and 1:25 in primary school.
The two participants, Sara and Martino, also share cultural
environments in terms of the resources available to their families,
and the character of the communities in which children live,
including the economic climate and accessibility of appropriate
services. The local community whose population is 95% Italian,
is predominately middle-class, with most parents having had at
least some college education.
Sara is attending the first year of a public Italian primary
school, and she and her older brother live with their parents, who
are both professionally employed. The family lives in a detached
home, within walking distance of the school. Martino, also lives
with his parents, both professionals, and his younger sister in an
apartment with a garden in a renovated farmhouse. He also goes
to school on foot, generally accompanied by his father.
As part of our ethical procedures, school authorities and
parents offered informed consent for participation in the study
and the children afforded active assent.

FINDINGS
There were a total of 23 separate imitative episodes in the daylong video-recorded material pertaining to Sara and 30 imitations
in the video-recoding of Martino’s “Day.”
Among these imitations, we identified some 8 of them that
involved the use of objects: 3 for Sara and 5 for Martino.
We first present the 3 imitations where a normative use of
objects is demonstrated by the model and subsequently executed
by the imitating partner and then, we describe the 5 more original
and subjectively laden imitative use of objects. Some imitative
scripts involve adults as well as peers. Episodes occurred at home
as well as at school.
(1) The most typical episode where a normative use of objects
is shown involved an adult. Sara is engaged in a craft activity with
her mother at home, creating a bracelet with glass beads: Mother
shows her how to craft the bracelet. Her mother offers a model
for enacting a behavior that is to be acquired by her child. Sara
engages in an imitative activity during a session of what Rogoff
(2003) would refer to as guided participation. The girl waits to see
her mother’s pearl threading and immediately imitates the simple
procedure, then proceeds by herself, replicating the newly learned
behavior. While proceeding with her work she asks her mother
when to stop stringing a strand of beads, the mother shows her
how to measure, around the child’s arm, the necessary length of
the bracelet, and Sara, after adding some beads, uses the same
measuring procedure.
(2) In peer tutoring, however, reciprocity emerges. After
school, at home, Martino and a schoolmate, who accompanied
Martino home from school, are playing football. One of them
knows how to advance the ball with his head, the other, with
his foot. They reciprocally enact for one another the motor
performance and model for each other. Reciprocity is a hallmark
of imitation between peers, and less frequently, in exchanges
with adults, who most characteristically only deploy reciprocity
in early interactions with very young children. Playing football
represents the social and cultural contexts in which these children
live: Socio-cultural variations depend not only upon the attitudes
of parents, teachers, and society in general, but also on such
variables as the amount of play space and time that is available
to children Martino and his schoolmates help each other in an
imitative activity that produces some physical acts to pursue
specific goals according to codified rules.
(3) Older brothers are also typical models for the canonical
use of objects by younger siblings. During breakfast, while still
at home, Martino’s little sister, even if without the specific
need to wipe her mouth, as soon as Martino has wiped his
mouth, she immediately imitates him, she too uses a paper
towel that is on the breakfast table. Table manners evolve
within cultures, varying widely between different cultures and
countries, and they exert a useful function in intercultural
adaptation. To master fundamental knowledge of table manners
in a culture enhances intercultural communication awareness
and intercultural adaptation. In their mutability from one culture
to another, they constitute a good example of an “opaque rule,”
that is, highly conventional, arbitrary and unpredictable. To learn

DATA ANALYSIS
All instances during which partners show the same motor
behavior (addressing an object) that a model has performed in
front of them, that is, doing an act after seeing it done were
identified. The participants can be either the copier or the model,
as it is common in this age old. As a note of caution, a single
situational description cannot provide conclusive evidence to
the reader of what happened in the dynamic flow of the video
recording. Thus the instances were interpreted to identify the
various forms of cultural learning that took shape when children,
at the beginning of primary school are ubiquitously imitating
the use of culturally significant objects. Our expectation is that
imitation can lead to the learning of different modalities and
nuances about the functions and rules with which objects can
be used (i.e., their pragmatics), depending on the model and
context. Across diverse social environments, that differ in the
extent and the conditions with which children are engaged by
significant others.
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does the same with the objects, especially those that he believes
to be property of his sister. In this interaction, children exploit
the opportunity to move freely from one area to another and to
engage in recreational activities in spaces of the house that are not
continuously and directly under the control of adults. Imitationbased learning activities provide multiple ways for children to
learn to use complex, challenging, and varied materials.

good manners at the table, imitation appears to be a powerful, if
not the only, aid.
The use of objects can also present indications of creativity,
introducing varied interactions with them, which can also convoy
a personal communicative message about the object’s meaning of
its use in a relationship.
(1) A creative, playful activity can arise: When Sara plays with
her shoe laces, as if they were musical instrument strings, two
schoolmates discover this new behavior and subsequently play
with their own shoe laces as strings, demonstrating a kind of a
diversified imitation. Learning requires an interactive balance of
gaining the facts and skills required by the culture and making
information one’s own. We are shown, in this imitative istance,
how children enact this interactive cycle, that helps them to
understand the use of objects in an intrinsically motivating way.
(2) Still at school, during the common meal in the canteen, we
detected an immediate and exact imitation by Martino, observing
and then replicating a schoolmate’s dunking a cracker in his glass
of water before eating it. This is an original use in our food
culture, where crackers are not softened in cold water, but rather
in other, usually hot, beverages! Interaction with peers in less rigid
situations than academic routines, such as those allowed during
school meals shared together, offers valuable opportunities to
children to act and behave like people they know. Freedom to
use “traditional” objects encourages creative expression of ideas
and understandings.
(3) Again at school, during the school meal, we have an
imitation of a procedure for managing the precarious positioning
of a full water pitcher, on the edge of the dining table, beside a
glass, also full of water. This behavior is reenacted by a schoolmate
who follows Martino and asks him for explicit instructions and
demonstrations in order to get the same result as the model.
This more perilous activity, which could produce a mess on the
table, clearly shows the atypical use of objects, introducing in it
a prohibited aspect, if noticed by the teachers. Martino and his
companions show that they know how to use hybrid spaces to
navigate between rules and invention, experimenting with the
borderline boundaries of the conventional use of objects.
(4) During a recreation period at school, at a time that is not
typically devoted to instructional learning, such as during formal
lessons, we observed a more aggressive kind of imitative behavior,
involving a materially valued object. A group of children are
looking at a sticker album placed on the ground out in the garden.
Martino steps onto the album with shoed feet, interrupting his
schoolmates’ activity. One of his admirers immediately steps
in the same way onto the album. Culturally representational
materials help children understand the social and ethnic values
of their communities. Such social contexts provide them with an
arena for refining their social skills also through the conception
and imitation of transgressive behaviors, in which the cultural
value of objects is challenged.
(5) At home Sara is playing in the room she shares with her
older brother. The atmosphere is playful and somehow conflictful
because the two children are debating about who is the owner
of various plush animal toys that are in a basket. Sara begins
throwing the toys in the air and also at her brother. The brother
immediately recognizes the provocative value of this activity and
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DISCUSSION
This paper takes up the socio-material perspectives as an
avenue for understanding the role of imitation in learning
to use objects in family and school practices, assuming that
the range between informal and formal learning can be
conceptualized as a continuum.
Our visual theoretical approach and its consequential
methodologies deployed within the DITL sociocultural
framework proved to be effective, deepening our understanding
of collaborative construction of the use of objects during a critical
life transition namely, when they first gain significant learning
experiences outside the home, and specifically in a formal school
setting (Cameron et al., 2014a). Using examples of children’s
acts of imitation during their filmed Day, we documented how
school and home are contexts populated by significant others
whose knowledge and practices offer to the child multiple models
learning true imitation. We also discovered how frequent,
multifaceted and powerful imitation exists across contexts and
partners and how children use imitation in a collaborative and
communicative manner as a powerful meaning-making tool.
The procedure adopted in the DITL research allowed us to
provide rich information regarding the thinking, talking, and
social interaction that naturally occurred “around” imitations
the child perform across the continuities and discontinuities that
characterize the way in which objects are used in the various
systemic practices.
We discovered from our observations that imitation in the
motor use of objects resides in the commonplace of children’s
every day lives. These uses transmit a normative and sometimes a
more creative, subjectively and emotionally laden use of objects.
In this double context of school and home we noticed that
whether our recordings pertained school- or home-time, is was
mostly when the children interacted freely, that the guided
participation with the use of objects was enacted. Our participants
demonstrated both agency and communitarianism in this period
of their lives, just as we reported of our young Canadian
participants (Dmytro et al., 2014), characterized by many new
and often conflicting demands for competence. Formal schooling
classically pertains to the immaterial, abstract world of learning
and explicitly encourages, in a collaborative framework, imitation
by pupils, aimed at academic tasks and hewing to the rules
of the classroom culture. But, as far as we have been able
to observe on the school day of Sara and Martino, it is not
the objects and their utilities that are prompting imitation,
but rather the practical navigation of school rules and the
pragmatics of addressing assigned academic tasks. It is in free
time that, at this age, in transactions with adults as well as peers,
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knowledge of the material world is tested, explored and acquired.
The family, less focused on explicit teaching, more frequently
uses demonstrations of what the child needs to imitate to use
instruments, as was the case of Sara and her mother crafting the
bracelet. Differences emerge also between partners: Adults can be
imitated, but they seldom-to-never imitate children, while with
peers reciprocity is more common, as in Martino’s dangerous play
with the pitcher full of water. We discover in these first graders’
lives the wide role expressed as models by peers as to the material
world. It is quite obvious that the amusing, trasgressive role of
managing objects is particularly shared by peers!
Focusing on children’s imitative behaviors we aimed further
to enrich our understanding of the young child’s perspectives.
Adopting a visual methodology we had the opportunity not only
listening to verbal communication, but also checking the child’s
different forms of expressing non-verbal emotions, meanings and
sense of everyday events. When researchers attempt to capture
the lived experiences and sense of everyday events from the young
child’s perspective through the use of visual methodologies, they
acknowledge the unspoken voice of the child which is always
present in their affective, active engagement with others and the
environment (Quiones, 2014).
Social scientific research also does not yet reveal a deep
enough understanding nor does it apply ready opportunities
for exploring such mechanisms as imitation that we share
with so many species and, living beings, beyond childhood
and across the life span. This paper has argued strongly for
legitimizing imitation as an appropriate learning tool in schools
and other educational settings. We tend to be blind to the allpervasive constructivist imitative nature of human beings and
particularly young children, and unaware of its implications for

parenting and educating. In their everyday lives, children are
busy observing those around them and interpreting the world
accordingly: Imitation plays a crucial role in the transmission
and maintainance of relevant cultural knowledge, specially
suited for the demand characteristics of cultural forms (as the
symbolic tools and instruments), whose causal, functional, or
intentional nature is cognitively opaque to the learner (Gergely
and Csibra, 2006) who can therefore only acquire them through
imitative actions.
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Many studies have explored factors which influence gaze-following behavior of young
infants. However, the results of empirical studies were inconsistent, and the mechanism
underlying the contextual modulation of gaze following remains unclear. In order to
provide valuable insight into the mechanisms underlying gaze following, we conducted
computational modeling using Q-learning algorithm and simulated the learning process
of infant gaze following to suggest a feasible model. In Experiment 1, we simulated
how communicative cues and infant internal states affect the learning process of
gaze following. The simulation indicated that the model in which communicative
cues enhance infant internal states is the most feasible to explain the infant learning
process. In Experiment 2, we simulated how individual differences in motivation for
communication affect the learning process. The results showed that low motivation for
communication can delay the learning process and decrease the frequency of gaze
following. These simulations suggest that communicative cues may enhance infants’
internal states and promote the development of gaze following. Also, initial social
motivation may affect the learning process of social behaviors in the long term.
Keywords: gaze following, reinforcement learning, computational modeling, infant internal state, communicative
cues

INTRODUCTION
Specialty section:
This article was submitted to
Developmental Psychology,
a section of the journal
Frontiers in Psychology
Received: 25 November 2019
Accepted: 30 January 2020
Published: 03 March 2020
Citation:
Ishikawa M, Senju A and Itakura S
(2020) Learning Process of Gaze
Following: Computational Modeling
Based on Reinforcement Learning.
Front. Psychol. 11:213.
doi: 10.3389/fpsyg.2020.00213

Human infants show face preferences from the very early stages of life (Johnson et al., 1991; Valenza
et al., 1996). Especially, newborns have sensitivity toward human eyes (Farroni et al., 2002). Studies
have found that 2- to 5-day-old newborns discriminated between direct and averted gaze, and
they were faster to make saccades to peripheral targets cued by gaze direction (Farroni et al.,
2004). These studies suggest that infants may have a rudimentary form of gaze following from
immediately after birth.
Many studies have suggested from which age infants start gaze following. The earliest precursor
of gaze following was observed from 3 months (D’Entremont et al., 1997). In general, it is said that
infants show gaze following from 6 months (Butterworth and Jarrett, 1991; Gredebäck et al., 2010).
Previous studies also investigated the contexts that trigger infant gaze following, and the
results from these studies informed theoretical perspectives. For example, infants follow others’
gaze where accompanied by ostensive (communicative) cues (Senju and Csibra, 2008; Hernik
and Broesch, 2019) or a highly attention-grabbing action (Szufnarowska et al., 2014). Ostensive
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also Hernik and Broesch, 2019). In addition, as discussed above,
Gredebäck et al. (2018) failed to show the effect of attentiongrabbing cue on gaze following. The results suggest that infant
gaze-following behavior cannot be induced only by attentiongrabbing stimuli.
Many studies have investigated infant gaze following; however,
the results were not consistent. For example, looking times
to an actor’s face were different in each study. Previous
studies used looking time to the actor’s face to measure
infant attention. Szufnarowska et al. (2014) showed that
eye contact attracted more infant attention than a no-cues
condition. On the other hand, Gredebäck et al. (2018) indicated
that infants looked at the actor in the shivering condition
(social and non-ostensive cue) longer than in both the eyecontact condition and the no-cues condition. Although some
studies suggested that infant attention affects gaze following,
looking times to an actor’s face do not always correlate with
gaze following (Gredebäck et al., 2018; Ishikawa and Itakura,
2019), suggesting that looking time may not capture infant
engagement in the task.

cues or communicative cues were defined as signals showing
communicative intent such as eye contact, while attentiongrabbing cues did not include communicative intent but with
visually salient movement. Other studies failed to find such a
contextual modulation (Gredebäck et al., 2018). In the following
section, we briefly describe the factors that have been argued to
affect gaze following in infants.

Communicative Cues
The theory of natural pedagogy suggests that infants follow
others’ gaze because they refer to the topic of communication
within the framework of ostensive-referential communication
(Csibra and Gergely, 2009). This theory predicts that infant gaze
following should be most prominent when it follows ostensive
cues such as direct gaze and infant-directed speech (Csibra,
2010). Ostensive cues can signal that a partner interacting with
an infant has communicative intent transferring knowledge
(Csibra and Gergely, 2009).
In the first empirical study on the effect of ostensive signals
on gaze following, Senju and Csibra (2008) showed that 6.5month-old infants follow others’ gaze when it followed eye
contact or infant-directed speech (communicative cues), but
not when it followed attention-grabbing stimuli (e.g., nonsocial animation overlaid on top of the actor’s face). Based
on this result, Csibra (2010) suggested that gaze following
only occurs in the narrow context of ostensive cues early
in life. Recently, Hernik and Broesch (2019) replicated this
finding in 5- to 7-month-old infants developing in Vanuatu
community, suggesting that the phenomenon is not fully
dependent on a Western style of parenting. However, other
studies showed conflicting evidence. For example, Szufnarowska
et al. (2014) showed that 6-month-old infants followed
others’ gaze direction when it followed a highly attentiongrabbing, but not communicative, cue. In this study, total
fixation duration to the model’s head during her action,
attention-getting phase, was compared as an index of infant
attention, and it was lower in the no-cues condition than in
each of the other attention-grabbing conditions. Moreover, a
recent study from the same group (Gredebäck et al., 2018)
found that gaze following in 6-month-old infants was not
different between ostensive (eye contact), attention grabbing
(shivering), and no cue (no head movement), suggesting
that infants follow others’ gaze without ostensive cues. The
results suggest that infants’ gaze-following behavior is not
fully dependent on the presence of preceding ostensive signal
in some context.

Correlation Between Communicative
Cues and Infant Internal State
Ishikawa and Itakura (2019), by contrast, used heart rate as an
alternative measurement of infants’ internal states and suggested
that (a) infants’ gaze-following behavior is related to infants’
physiological arousal and (b) looking time to the actor’s face
may not predict gaze following or infant internal state including
attentional and physiological arousal measured by heart rate.
In this study, there were three conditions, eye-contact, no-cues,
and shivering conditions. The results of their study revealed
that eye contact enhanced heart rate levels in 10-month-old
infants, although there was no difference of looking time to
the actor’s face across conditions. Also, infants showed gaze
following above chance level only with eye contact, consistent
with a claim derived from the theory of natural pedagogy.
Interestingly, infant heart rate levels during an actor’s action
predicted later gaze following in situations both with and
without communicative cues and partially mediated between
the conditions of communicative cues and gaze following.
It has been suggested that physiological arousal is related
to sensitivity and responsiveness to external stimuli (AstonJones et al., 1991, 1999). Infant studies have also shown
results supporting the relation between physiological arousal
and attentional state (Wass et al., 2016; de Barbaro et al.,
2017). Also, empirical studies have shown that affective states
and reward expectations can be reflected in physiological
arousal (Critchley et al., 2005; Tummeltshammer et al., 2019).
Because it is difficult to define which factors induce infant
physiological arousal in gaze-following situations, here we use
a broad concept of internal state, which could be measured by
neurophysiological measurements.
Therefore, it can be considered that communicative cues affect
the infant’s internal state, which may be reflected in physiological
arousal, and both communicative cues and the infant internal
state may promote infant gaze following.

Infant Attention
Infant attention has been suggested as one of the factors affecting
gaze following. As discussed above, Szufnarowska et al. (2014)
showed that 6-month-old infants followed others’ gaze direction
which followed highly attention-grabbing cues such as shaking a
head horizontally. From these results, it was suggested that gaze
following is based on infant attention.
However, such a viewpoint contradicts Senju and Csibra
(2008) which did not observe gaze following in the situation
with an attention-grabbing animation on the model’s face (see
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METHODS

Importance of Computational Models
Theories of the emergence of gaze following have been
examined in behavioral experiments. However, the results of
empirical studies were inconsistent, and the mechanism of gaze
following remains unclear. This could partly be because it is
difficult to include all factors related to gaze following and
conduct many trials in infant behavioral experiments. Also,
individual differences were difficult to assess with the small
numbers of participants typically included in empirical infant
studies. We conducted computational modeling of infant gaze
following in an attempt to address these issues and complement
empirical studies.
Computational modeling allows us to examine what is difficult
to conduct with real infants in experimental settings, and it
is very useful to theorize human development (Triesch et al.,
2006). Triesch et al. (2007) used computational modeling to
simulate the emergence of gaze following. Because reward-driven
learning can be found from a very early developmental stage
(Floccia et al., 1997) and suggested as a principal learning
mechanism (Sutton, 1988), they applied reinforcement learning
to modeling and suggested how gaze following emerges in the
mother–infant interaction. However, their model did not include
communicative cues, and their simulations were mainly based on
the theory of mirror neuron system (Triesch et al., 2007).
It has been shown that communicative cues facilitate infant
learning in the social context (Csibra and Gergely, 2009). Also,
it has been suggested that looking at the same object with
another person is rewarding for infants (Moore and Corkum,
1994; Mundy, 1995). Thus, in the learning process of gaze
following, contextual information such as communicative cues
may affect reinforcement. The modeling is not informative as to
the conflicting results reported in recent empirical studies; more
precisely, communicative cues and infant internal states were not
taken into account in previous simulation studies (Triesch et al.,
2006, 2007). Computational modeling with the factors examined
in experimental settings may offer a new perspective on the
mechanism of gaze following.

Environment and Parameters
In the previous computational modeling of gaze following
(Triesch et al., 2006, 2007), learning environment was posited
that an infant and a caregiver interact with a number of objects,
not only with a gaze target and a distractor. In a more complex
way, they posit that caregiver’s gaze direction was not always
perfectly aligned with the caregiver’s head orientation. Also, in
the previous model, object locations were randomly distributed.
Because they focused on creating a general model of gaze
following interactions, and not on examining the effects of
communicative cues and infant internal states, their simulation
included the process of infant visual system affected by object
saliency, caregiver’s saliency, or infant visual field.
In order to examine the effects of communicative cues and
infant internal states, we simplified experimental situations to
be based on previous empirical studies (Senju and Csibra, 2008;
Szufnarowska et al., 2014; Gredebäck et al., 2018; Hernik and
Broesch, 2019; Ishikawa and Itakura, 2019; Figure 1), and actor’s
gaze direction was always consistent with the head orientation.
An actor looked toward one of two objects with or without
communicative cues. Two objects had the same saliency, and
there was no looking bias. Infants were postulated to look to
one of two objects 100% at the end of a trial. There were two
considerable options of behavior for the infants, (a) following
the actor’s gaze or (b) looking toward one of the two objects
randomly. The learning process was simulated by the Q-learning
algorithm, which is one of the most popular reinforcement
learning algorithms (Watkins and Dayan, 1992). The Q-learning
algorithm is as follows in (1):

Q[t+1] = Q[t] + α × R × P[r] − Q[t]
(1)
In Q-learning, a learned decision policy is determined by the
behavioral value function, described as Q. To limit infant learning
in a trial, learning rate “α” was the same in all simulations. Also,
the reward probabilities (Pr) were 100% for gaze following and
50% for random looking. This is because we posit that infants feel
rewarded when they look at the same object as a model (Moore
and Corkum, 1994; Triesch et al., 2006). The reward value (R)
was 1 in all the simulations. Each simulation was continued up
to 2,000 trials. We compared how the behavioral values of gaze
following were updated during 2,000 trials. We adopted a “softmax” strategy for selecting the infants’ actions in all simulations.
In the soft-max strategy, the worthiest action is still given the
highest selection probability, but all the others are ranked and
weighted according to their value estimates (Sutton and Barto,
1998). All the parameters used in the simulations are shown
in Table 1.

The Purpose of This Study
In this study, we simulated the learning process of infant gaze
following and suggest a feasible model according to the results
of empirical studies. It has been shown that reinforcement
learning is the fundamental learning process in humans and
is neurally plausible (Dayan et al., 2001; Holroyd and Coles,
2002); therefore, we applied reinforcement learning to simulate
the early learning process of gaze following in infants and
examined how infant internal states and communicative cues
affect gaze following. Although computational modeling cannot
compare models’ feasibilities statistically, it is suggested that
computational modeling may be particularly helpful to theorize
because it can easily monitor all changes in the model (Triesch
et al., 2006). To theorize about the development of gaze
following, we compared three models, the communicative
cue model, the communicative cue and infant internal state
model, and the model in which communicative cues enhance
infant internal state.

Frontiers in Psychology | www.frontiersin.org

Communicative Cue Model
With communicative cues, it is considered that infants can expect
that an interacting partner is transferring knowledge (Csibra
and Gergely, 2011). Therefore, we set up that communicative
cues modulated the subjective reward probability. We added a
variable named “C” (communicative cue) into the QL formula.
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FIGURE 1 | Learning environment: an infant watches the situation with an actor and two objects (A). The actor closes his eyes in the initial phase (B). Next, the actor
shows different actions such as opening his eyes (C) and then looks toward one of two objects (D).

a variable named “S” (state) into the QL formula. The formula
including infant internal states is shown in (3):

TABLE 1 | Overview of model parameters and their allowed ranges.
Symbol

Explanation

Range

t

Number of trials

[1, 2000]

Q(A)

Behavioral value of random looking

(0, 1)

Q(B)

Behavioral value of gaze following

(0, 1)

P(A)

Probability of random looking

(0, 1)

R

Reward value

1

P(r)

Probability of reward

0.5 or 1

alpha

Learning rate

0.005

S

Infant state

[0, 1]

Ds

Infant default state

[0, 1]

C

Other’s communicative intent

[0.5, 1.5]

M

Motivation for communication

constant

The formula with communicative cues is shown in (2):

Q[t+1] = Q[t] + α × R × P[r] × C-Q[t]

Q[t+1] = Q[t] + α × S × R × P[r] × C-Q[t]

(3)

S takes a random number between 0 (inattentive) and 1 (highly
attending) in each trial. S reflects an internal state, and it should
be stable around resting state most of the time; therefore, S was
taken from a normal distribution (mean = 0.5, σ = 0.16). S
modulates the learning rate so it cannot exceed 1 because α is the
limit of infant leaning in a trial.

Communicative Cues Enhancing the
Infant Internal State Model
Formula (3) postulates that communicative cues and
the infant internal state are independent of each other.
In addition, we simulated a model that communicative
cues enhance infant internal states, following the
finding of Ishikawa and Itakura (2019).
To simulate that, we set up the “Default state” (Ds), which is
the infant internal state before the effect of communicative cues.
Ds takes a random number between 0 (inattentive) and 1 (highly
attending) from a normal distribution (mean = 0.5, σ = 0.16) in
each trial. Here, S takes a number which is Ds modulated by C
(Figure 2). If C is less than 1, S will be Ds × 1. Otherwise, if C
is greater than 1, S will be Ds × C. Ishikawa and Itakura (2019)
indicated that communicative cues enhance infant physiological
arousal, but “no cues” do not affect the infant internal state.
Therefore, we set up that if C is less than median (1), the default
state is not modulated. In addition, we posited that if Ds × C is

(2)

C takes a random number between 0.5 (low communicative
intent) and 1.5 (high communicative intent) in each trial. Because
C is an external factor and it is conceptually highly depending on
context, C was taken from a flat uniform distribution (mean = 1).

Communicative Cue and Infant Internal
State Model
Infant attention has been argued to affect the perception
and learning of the external environment (Rose et al., 1999;
Tellinghuisen et al., 1999; Oakes et al., 2000). We set up that
infant internal states modulate learning rate in QL. We added
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FIGURE 2 | Decision tree of variable model parameters.

more than 1, S will be 1. As mentioned above, S modulates the
learning rate so it cannot exceed 1 because α is the limit of infant
learning in a trial; so, if Ds × C is more than 1, S takes 1.

Here, infant internal states affected the learning rate. Therefore,
although communicative cues were presented, if the infants were
inattentive, they did not learn the behavioral value so much.
In this model, infant learning is highly dependent on infant
internal states.
In the model in which communicative cues enhanced
infant internal states, the learning process was more efficient,
converging around 1,750 trials (Figure 3C, middle panel). From
the perspective of learning efficiency, the model with only
communicative cues was the most efficient, but given that infant
internal states are highly unlikely to be constant, the third model
may be the most feasible to explain infant gaze following. Support
for this model could also come from a recent empirical study that
communicative cues can enhance the infant physiological state
(Ishikawa and Itakura, 2019).
In addition, the Supplementary Material shows the learning
process within 100 trials to observe how these models affect the
short-term learning process. Communicative cues can directly
modulate the subjective expected value, and they drastically
update behavioral value in a very short term. On the other hand,
if infant internal states change trial by trial, the behavioral value is
updated gradually. Also, in the model with communicative cues
enhancing states, the learning rate is increased in a trial with a
high expected value, and, as a consequence, behavioral value was
observed to be enhanced soon.
This simulation shows a possible learning process of gaze
following. As a result, the model with communicative cues

EXPERIMENT 1 RESULTS AND
DISCUSSION
Each experiment starts with all weights set to zero, and the
models are simulated for a total of 2,000 time steps. The results
are shown in Figure 3. All of these models were set up not to
affect the optimal value of gaze following, thus all behavioral
values after convergence were the same. In the model which only
contains communicative cues, infant learning progressed at the
same rate because infant internal state was kept constant through
the simulation (Figure 3A, middle panel). Therefore, with high
communicative intent, behavioral value drastically increased and
the learning process was the most efficient. In the Q-learning,
the speed of convergence means time taken to find a nearoptimal behavioral choice. The behavioral value of gaze following
was converged around 1,600 trials (Figure 3A, middle panel).
However, infant internal states were kept at the same level in
this simulation, which would fail to simulate more realistic infant
behavior affected by internal states.
With the addition of the infant internal state which is
independent from communicative cues, the convergence of
behavioral value took over 2,000 trials (Figure 3B, middle panel).
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FIGURE 3 | The results of Experiment 1 in 2,000 steps. (A) Communicative cue model. (B) Communicative cue and infant internal state model. (C) Communicative
cue enhancing infant internal state model. Q(A) the behavioral value of random looking; Q(B) the behavioral value of gaze following; P(A) the probability of random
looking predicted by a soft-max strategy.

sex differences in the sensitivity to other people’s eye gaze
can be detected from an early developmental stage. Lutchmaya
et al. (2002) showed that in 12-month-old infants, male infants
made less eye contact than female infants. Also, male infants
looked toward faces less than females (Connellan et al., 2000;
Lutchmaya and Baron-Cohen, 2002).
Also, autistic-like traits correlated with gaze cueing effects
(Bayliss and Tipper, 2005; Bayliss et al., 2005). Children with
autism spectrum disorder (ASD) are inattentive to social stimuli,
and this means that they may lack adequate social learning
experiences (Mundy and Neal, 2000; Schultz, 2005). One possible
explanation for this phenomenon is the atypical development
in social motivation in ASD (Chevallier et al., 2012). Some
also argue that atypical development in social motivation in
individuals with ASD is related to the atypical development of
social reward processing (Bartz et al., 2011; Modi and Young,
2012; Dubey et al., 2015), although others did not find differences
in the reinforcement value of social stimuli between individuals
with and without ASD (e.g., Ewing et al., 2013; Vernetti et al.,
2018). Overall, there is a theoretical and clinical interest in the
possible influence of social motivation on the development of
social attention and learning.
Here, we posit individual differences of motivation for
communication. For example, autistic people and patients with
social anxiety actively avoid to make eye contacts (Corden et al.,
2008; Wieser et al., 2009). Thus, motivation for communication
could be negative. We added a variable named “M” (motivation)
into the model with communicative cues enhancing states. M can
be considered to affect subjective evaluation of communicative

enhancing infant internal state can be considered the most
feasible to describe infant learning. In this study, we indicated
that communicative cues may affect learning drastically in the
short term; however, they would not affect the emergence of
gaze following so much after the behavioral value was converged.
Notably, after the behavioral value of gaze following was
converged, it was predicted that the infants followed the other’s
gaze about 75%, regardless of communicative cues (Figure 3,
lower panels). It is consistent with Gredebäck et al. (2018) who
showed that infants show gaze following in situations both with
and without communicative cues. These results of the simulation
demonstrate that a prior history of social learning, either within
the experimental context or in real-life experience, may be an
important factor in gaze following in empirical experiments.
In Experiment 1, we posited the learning process of gaze
following in the experimental setting used in many empirical
studies but did not include one important factor: individual
difference. It has been reported that individual differences of gaze
following can be observed in experimental situations (Morales
et al., 1998, 2000; Brooks and Meltzoff, 2005). In Experiment 2,
we applied the model with communicative cues enhancing states
to simulate individual differences of gaze following.

EXPERIMENT 2: MODELING INDIVIDUAL
DIFFERENCES
There is some evidence indicating individual differences of gaze
following (see the review by Frischen et al., 2007). For example,
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cues; therefore, it modulates C directly (Figure 2). If C + M is
less than 1, S will be Ds × 1. Otherwise, if C + M is more than
1, S will be Ds × (C + M). In addition, if Ds × (C + M) is more
than 1, S will be 1. The formula including infant internal states is
described as follows in (4):

Q[t+1] = Q[t] + α × S × R × P[r] × (C + M) − Q[t]
(4)

takes −0.2, the expected reward value of gaze-following behavior
becomes 0.8, and the convergent value is also decreased to 0.8
(Figure 4A, middle panels). As a result, the probability of gaze
following was also decreased slightly (M = −0.2: P(B) = 70%,
Figure 4A, lower panel).
Here, we posit that motivation for communication may
be behind individual differences in gaze following. Twomey
and Westermann’s (2018) infant computational modeling study
suggested that infants are intrinsically motivated to select
information that maximizes learning. In the context of learning
in gaze following, it can be considered that interacting with others
would maximize information to learn about the environment.
For example, because gaze direction can help infants to associate
words and objects, the development of gaze following affects later
language development (Morales et al., 1998; Brooks and Meltzoff,
2005). Therefore, low motivation for communication can delay
the social learning process in infants.

M is a fixed number because motivation for communication can
be considered as a trait for each individual. If M takes a negative
value, it means that infants actively avoid communication. On
the other hand, if M takes a positive value, infants engage
communication more than average. Therefore, when infants have
standard motivation for communication, M takes 0 in this model.
Here, we examined how the individual differences in M affect the
updating of gaze-following value.

EXPERIMENT 2 RESULTS AND
DISCUSSION
GENERAL DISCUSSION
The model was simulated for a total of 2,000 time steps. The
results are shown in Figure 4.
Because behavioral values are converged to expected optimal
values in Q-learning, the convergent value of gaze following
was modulated by the degree of M. With M less than 0 (low
motivation for communication), the subjective value of gaze
following was undervalued and the expected reward value was
decreased (Figures 4A,B, middle panels). For example, when M

In our simulation, the model, in which communicative cues
affect infant internal states, emerged as the most feasible to
explain infant gaze following. It shows more efficient learning
than the model in which infant internal states are independent
of communicative cues, and it shows comparable efficiency
with the less realistic model which assumes that infant internal
states are constant. The model is also consistent with the

FIGURE 4 | The results of Experiment 2 in 2,000 steps. (A) M = –0.2; (B) M = –0.1; (C) M = 0.1. Q(A) the behavioral value of random looking. Q(B) the behavioral
value of gaze following. P(A) the probability of random looking predicted by a soft-max strategy.
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Note that the model has not accounted for other contextual
information which affects gaze following, such as the other’s
social status, familiarity, facial expressions, or object pleasantness
(Deaner et al., 2006; Dalmaso et al., 2011; Kuhn and Tipples,
2011). It is crucial for future studies to include more
generalized contextual modulation because a recent study
suggested that infants could use contextual information to guide
their visual attention (Tummeltshammer and Amso, 2018).
Further theoretical work is needed, which can account for
how human infants, as well as older children and adults,
decide to follow the other’s gaze direction based on many
kinds of contextual information to fully describe, explain, and
predict gaze following in more naturalistic settings. Another
limitation of this study is a lack of empirical data of
developmental trajectory. This study theoretically simulated how
external and internal factors affect the learning process of
gaze following and chose a feasible model according to results
of empirical studies in experimental settings. Computational
modeling is useful to theoretically simulate and observe how
behavioral models work; however, it cannot decide which
models capture the development in real-world situations.
To understand the development of gaze following, it is
necessary to compare with longitudinal data measuring gazefollowing behavior.
To conclude, the results of the simulation presented in this
paper suggest that the model in which communicative cues affect
infant internal states is feasible to describe the learning process
of gaze following. Also, with this reinforcement learning model,
we succeeded in simulating how social motivation affects the
development of gaze following and showed that low motivation
for communication delayed the learning process of gaze
following. In future works, other factors affecting the learning
mechanism should also be included (e.g., tolerance to reversal
learning). Computational modeling of the experimental setting
can be helpful to give new insights into gaze following in infants.

results of empirical research which examined the relation
between communicative cues and infant physiological states
(Ishikawa and Itakura, 2019).
The model hypothesizes that physiological arousal, at
least partially, mediates the influence of ostensive signals
on infant gaze following. The theory of natural pedagogy
claims that human communication makes it possible to
efficiently convey knowledge; in other words, communication
can promote social learning (Csibra and Gergely, 2011). As
communicative cues such as eye contact elevate physiological
arousal (Nicholls and Champness, 1971; Helminen et al., 2011;
Hietanen, 2018), and high physiological arousal is hypothesized
to promote the learning process and enhances memory
(Kleinsmith and Kaplan, 1963; Eysenck, 1976) particularly
memory consolidation (LaBar and Phelps, 1998), infant learning
may be more efficient with communicative cues partly because
it enhances infant internal states, which we observe as
physiological arousal.
Our model also showed that low motivation for
communication can delay the learning process of gaze following.
The model thus suggests that individuals with low social
motivation, possibly including those with ASD, may be delayed
in the learning process of gaze following. It is consistent with
an empirical study reporting that neural sensitivity to dynamic
eye gaze in infants aged 6–10 months old is associated with later
emerging autism (Elsabbagh et al., 2012), even though they show
typical gaze-following behavior (Bedford et al., 2012). Further,
gaze following in infants predicts later language development
and theory of mind skills (Brooks and Meltzoff, 2005, 2015).
Initial social motivation may affect the learning process of
gaze following, and as a result, the development of other social
cognitions might also be affected.
Through the experiments, we simulated how infants’ learning
process of gaze following is affected by communicative cues,
infant internal states, and social motivation. Our model was
designed to offer simple simulation with reinforcement learning.
Thus, the decision process of gaze following was only dependent
on learned behavioral value. Following the results for the
prediction of gaze following, after the behavioral value was
converged, it can be predicted that gaze following emerges
75% in any situation, with or without communicative cues.
It is consistent with Gredebäck et al. (2018), who indicated
that infants show gaze following more than chance level (50%)
in all experimental situations with or without communicative
cues, and they suggested that infant gaze following is not
dependent on communicative cues. Our simulation, consistent
with the results of Gredebäck et al. (2018), indicates that
after infants have experienced a sufficient number of gazefollowing situations, infants tend to follow the other’s gaze
direction with or without preceding ostensive signals. Effects
of communicative cues on social interactions have been mainly
studies in infants. However, some studies have shown that
toddlers can understand other’s communicative intentions
without ostensive signals such as eye contact and infant-directedspeech (IDS) (e.g., Moore et al., 2013). Social experiences in
development may affect the engagement of interactions without
communicative cues.
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Object category levels comprise a crucial concept in the field of object recognition.
Specifically, categorization performance differs according to the category level of the
target object. This study involved experiments with two types of stimulus sequences
(i.e., forward condition: presenting the target name before the line-drawing stimulus; and
reverse condition: presenting the target name after the line-drawing stimulus) for both
basic- and superordinate-level categorizations. Adult participants were assigned to each
level and asked to judge whether briefly presented stimuli included the same object and
target name. Here, we investigated how the category level altered the categorization
process. We conducted path analyses using a multivariate multiple regression model,
and set our variables to investigate whether the predictors affected the categorization
process between two types of stimulus sequence. Dependent variables included the
measures of performance (i.e., reaction time, accuracy) for each categorization task. The
predictors included dimensions and shapes of the line-drawings, such as primary and
local shape information, shape complexity, subject estimation, and other shape variables
related to object recognition. Results showed that the categorization process differed
according to shape properties between conditions only for basic-level categorizations.
For the forward condition, the bottom-up processing of primary visual information
depended on matches with stored representations for the basic-level category. For the
reverse condition at the basic-level category, decisions depended on subjective ratings
in terms of object-representation accessibility. Finally, superordinate-level decisions
depended on higher levels of visual information in terms of complexity, regardless of the
condition. Thus, the given category level altered the processing of visual information for
object recognition in relation to shape properties. This indicates that decision processing
for object recognition is flexible depending on the criteria of the processed objects (e.g.,
category levels).
Keywords: object recognition, categorization, category level, line-drawings, visual processing, word-stimulus
sequence
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according to a top-down matching process in which the extracted
object is compared with stored representations (Rubin, 1958;
Biederman, 1987; Nakayama et al., 1995; Driver and Baylis,
1996). Differences in object category levels are assumed to reflect
differences in the top-down matching process completed during
the third stage. Different category-level response speeds are thus
the result of how object representations are accessed.
Another possible interpretation is that the required visual
information differs according to the category level. As noted
above, visual object recognition depends on two-way processing
(i.e., bottom-up and top-down matching). Previous studies in
this context have provided participants with object category
levels prior to receiving the stimulus (e.g., Grill-Spector and
Kanwisher, 2005). Here, given category levels may have altered
bottom-up processing. As such, these studies investigated how
different category levels affected the visual information needed
to categorize the target object. Johnson and Olshausen (2005)
indicated that forward (in which the name of a target object
is given prior to the stimulus) and reverse (in which the
name of a target object is given after the stimulus) conditions
lead to different matching processes during object recognition.
Following this, we compared the accuracy and reaction times
of object recognition tasks performed with forward and reverse
conditions to identify the type of processing (i.e., bottom-up
or top-down) that was more effective when participants judged
objects in terms of basic- or superordinate-level categories.
Various visual information types (e.g., shape, color, and
texture) are used during the object recognition process, but
previous research has established that shape is the most
important (Marr, 1982; Biederman, 1987; Ullman, 1996). As
such, this study focused on shape-related information when
conducting comparisons between object category levels. Here,
the curvature extrema (i.e., maximum point of curvature reached
locally in a concave or convex contour) were assumed to be the
most important pieces of information. Attneave (1954) showed
that the most salient points were found at convex and concave
points in various object contours. The curvature extrema are also
crucial during the object recognition process (cf. Norman et al.,
2001). Other studies have indicated that inflection points (where
the curvature goes through zero locally) are also essential for
object recognition (Koenderink and van Doorn, 1982; Kennedy
and Domander, 1985). The present study thus investigated
whether different visual information was required for the basic
and superordinate levels.
To summarize: this study specifically, (1) investigated
whether decisions involving both basic- and superordinatelevel categorizations depended on bottom-up and/or top-down
processing according to forward and reverse conditions, and
(2) specified what visual information was required at each
level (Figure 1). In this study, we measured both reaction
time and accuracy to specify categorization processing. This is
because Taniguchi et al. (2018) showed that object recognition
involves inaccurate decision with fast reaction time and accurate
decision with slow reaction time. Please note that this study
did not attempt to access subordinate-level categorizations
through line-drawing images due to the associated difficulty
(Rosch et al., 1976).

INTRODUCTION
Object recognition is the foundation of various cognitive
processes used in daily behavior (e.g., grabbing a cup, pointing
at a target, or communicating with others). Patients with
semantic dementia (a disease that affects conceptual knowledge
regarding word and object meanings) may experience the
deterioration of many other cognitive abilities during later
stages (Rogers and Patterson, 2007). Individuals with Autism
Spectrum Disorder (ASD) may also recognize objects in a
different manner, thus potentially causing social difficulties (e.g.,
communication and behavioral deficits; Gastgeb and Strauss,
2012). To understand those who experience difficulty with
object recognition, we must scrutinize the object recognition
process in neurotypical adults who can judge single objects
from a variety of category levels – a crucial component of
object recognition. For example, most individuals who see a
dog can categorize the animal as such at a glance, but can also
more specifically categorize the dog (e.g., as a Siberian husky)
both quickly and accurately. However, the visual information
that is needed for categorization might differ between category
levels (Mack and Palmeri, 2011, for psychology; Zhang et al.,
2017, for computer vision). We, therefore, pose an important
question: does object recognition adhere to the same process
regardless of differences in the object category level? This
study investigated how different category levels affected objectrecognition processing performance.
Object category level is known to alter decision speed
during object recognition. Rosch et al. (1976) suggested that
categorization reaction time was faster when recognizing an
object at an intermediate (basic; i.e., dog) level than when
recognizing it at both more general (superordinate; i.e., animal)
and specific (subordinate; i.e., Siberian husky) category levels.
The same study indicated that basic-level categorizations were the
fastest because they were conducted according to representative
features in the same category. That is, individuals discriminated
such features from those in other category levels.
However, basic-level categorizations are not always faster than
those conducted at other levels. For example, an atypical member
is categorized faster at the subordinate level (e.g., penguin) than
at the basic level (e.g., bird; Jolicoeur et al., 1984). Further, a study
among bird and dog experts revealed that categorizations at the
subordinate level (e.g., Java sparrow) were as quick and accurate
as those conducted at the basic level (e.g., bird; Tanaka and Taylor,
1991; Johnson and Mervis, 1997). On the other hand, ultra-rapid
categorization tasks conducted with very brief stimuli (e.g., less
than 30 ms) have shown that superordinate-level categorizations
(e.g., animal) can be conducted more quickly than both basic(e.g., dog) and subordinate-level (e.g., terrier) categorizations
(Thorpe et al., 1996; Macé et al., 2009).
The representative theory of object recognition posits
that visual-object processing assumes a hierarchical structure
involving at least three stages. First, visual information is received
by the retina, analyzed, and divided into primary information
groups (e.g., edge extraction, depth segmentation, surface texture,
and color). Second, an object is extracted based on this primary
information. Third, the object is recognized and categorized
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FIGURE 1 | Summary of the assumption and the results of this study.

Procedure

MATERIALS AND METHODS

Stimuli presentation alternated between forward and reverse
conditions. The forward condition presented a (1) target name
for 800 ms, (2) fixation cross for 500 ms, (3) stimulus for
150 ms, and (4) mask for 100 ms (Figure 3A), while the
reverse condition presented a (1) fixation cross for 500 ms,
(2) stimulus for 150 ms, (3) mask for 100 ms, and (4) target
name for 800 ms (Figure 3B). Target names differed according
to the basic- and superordinate-level tasks. Participants were
asked to announce, as soon and as accurately as possible,
whether the target name was consistent with or involved in
the stimulus. During basic-level tasks, there were also distractor
trials in which other stimuli in the same superordinate-level
categories were randomly presented (e.g., when the target name
was a dog, the image of a different animal – such as a cat
or elephant – was displayed). During superordinate-level tasks,
other stimuli in the same natural/artifactual categories were

Participants
A total of 45 participants were selected for this study. This
included 21 (eight males and 13 females aged 19–22 years) for
the basic-level tasks and 24 (eight males and 16 females aged
20–28 years) for the superordinate-level tasks. All participants
were Japanese undergraduate or graduate students, had normal
or normal-corrected vision, and were unaware of the study’s
purpose. Informed consent was obtained from all participants
before conducting the experiments. Each received 1,000 yen
for their participation. The Ethical Committee of the Doshisha
University approved of this research (15053).

Stimuli
Line-drawing images depicting animal, plant, clothing, furniture,
musical instrument, and vehicle categories were used following
a study by Snodgrass and Vanderwart (1980). A total of
40 images were presented (i.e., 10 animals, 10 plants, five
clothing articles, five furniture types, five musical instruments,
and five vehicles). We investigated whether these images
could be recognized accurately in a pilot study and showed
stimulus validation with more than 88% accuracy. The stimuli
were created by removing approximately 90% of the black
pixels from each image (Figure 2). Here, a 50% level of
black-and-white random noise was used for a mask. All
stimuli were set at 8.86 × 8.86 degree of visual angles
(400 × 400 pixels). All stimuli and masks were presented
at the center of a 16-inch cathode-ray tube (CRT) screen
(Dell E771p) over a gray background. Observation distance
was set at approximately 60 centimeters, and was maintained
using a chin rest. The experiments were conducted in a
dark, quiet room.

Frontiers in Psychology | www.frontiersin.org

FIGURE 2 | Example of a stimulus image. (A) Original line-drawing from
Snodgrass and Vanderwart (1980) and (B) the stimulus image used in this
study.
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FIGURE 3 | Stimulus presentation sequence. (A) Forward and (B) reverse conditions used in the experiment.

the ratio of three black pixels aligned in slanted lines to the
pixels slants were calculated to indicate the slant-line components
(Slant). The number of curvature singularity positions (e.g.,
positive maxima (M+), negative minima (m-), and inflections
(I) corresponding to the positions of visual salience) was then
used following De Winter and Wagemans (2008). Aspect ratio
(AR) and degree of circularity (DC) were used as indices of
shape complexity for the image analyses. AR refers to the
ratio of horizontal and vertical contour lengths, while DC
refers to the degree to which a given shape approximates
circularity. Finally, subjective evaluations of visual complexity
(Complexity), familiarity (Familiarity), and image agreement
(ImageAgree) were used as shape variables, following Snodgrass
and Vanderwart (1980).

also randomly presented (e.g., when the target was a clothing
article, an object from a different category – such as a table
or guitar – was displayed). Each object stimulus was presented
twice for each condition (i.e., once as the target and once as
the distractor). The experiments involved 80 total trials for each
condition, consisting of 40 object images from six categories and
congruent/incongruent trials of word-stimulus. All conditions
were conducted using a blocked design and all trials were
randomly assigned. Presentation and recording experiments were
presented and recorded using the Windows 7 software. All
participants completed eight practice trials before starting the
formal experiment. The practice trials and formal tests were
conducted identically, with one exception: participants were
given advance knowledge of the object stimuli before starting
the experiment. Each participant took approximately 30 min to
complete the experiment.

RESULTS

Shape Variables

For the trials that presented a bicycle-image stimulus, no
data were collected due to a technical error. One participant
was removed from each of the basic- and superordinate-level
tasks and excluded from further analysis, in the first instance
because mean reaction time was slower than 1,000 ms, and
in the second because accuracy in the forward condition was
nearly at chance level (50%). Reaction times of less than
150 ms and greater than 1,846 ms (mean [793] + 3 SD
[3 × 351]) were also excluded as anticipation errors and
outliers, respectively. The mean accuracy was approximately 0.93
(SD = 0.25) at basic level and 0.92 (SD = 0.27) at superordinate
level. The mean reaction time was approximately 625 ms
(SD = 218 ms) at basic level and 705 ms (SD = 222 ms) at
superordinate level.

This study incorporated path analyses to examine whether
the shape variables involved in and estimated from the linedrawing images affected accuracy and reaction times during
basic- and superordinate-level categorizations. Shape variables
were calculated through image analyses or obtained from
previous studies (Snodgrass and Vanderwart, 1980; De Winter
and Wagemans, 2008).
The shape variables used in this study consisted of basic
information from the line-drawing images, indexes of shape
complexities, and subjective evaluations. The number of black
pixels were counted to reflect the basic properties of each linedrawing image (Pixels). The ratio of three black pixels aligned
along rows or columns in the pixel matrix was then calculated
to indicate horizontal and vertical components (Matrix), while
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FIGURE 5 | Mean accuracy as a function of category level and stimulus
categories. Error bars indicate standard errors of the means.
FIGURE 4 | Mean reaction time as a function of target-word position (forward
vs. reverse condition) and category level (basic level vs. superordinate level).
Error bars indicate standard errors of the means.

analysis was done according to a path analysis conducted with
the sem package in R. The path model set reaction times for
forward and reverse tasks as dependent variables, and each
shape (Pixels, Matrix, Slant, M+, m−, I, AR, DC, Complexity,
ImageAgree, and Familiarity) as a predictive variable. We
obtained the best fitting model by estimating a saturated model
containing the causal paths of all 10 predictive variables to
each dependent variable (i.e., forward and reverse), correlation
paths among all predictive variables (i.e., shape variables; 45
total correlations), and a correlation path between forward
and reverse. Path analyses were separately conducted for the
basic and superordinate levels. Paths with the highest p-values
were deleted from the model and re-estimated for a reduced
model. We conducted this reduction procedure using a backward
stepwise method until all paths were significant. We then chose
the lowest Akaike information criterion (AIC) model from all
those estimated.
The best-fitting path model for reaction time at the basic
level is summarized in Figure 6A (χ2 (31) = 11.296, p = 0.999,
GFI = 0.958, NFI = 0.976, CFI = 1.000, RMSEA = 0.000,
AIC = 131.296). Reaction time for the forward condition was
significantly influenced by Pixels (β = 0.61, p < 0.001), Matrix
(β = −0.50, p < 0.01), M+ (β = −0.96, p < 0.001), and m(β = 0.47, p < 0.05), while reaction time for the reverse condition
was influenced by M+ (β = −0.39, p < 0.01), ImageAgree
(β = −0.24, p < 0.05), and Familiarity (β = −0.19, p < 0.05).
Further, significant Pixels (β = 0.63, p < 0.001), AR (β = 0.67,
p < 0.001) and Complexity (β = −0.47, p < 0.01) effects
were found on reaction time for the forward condition at the
superordinate level, while marginally significant effects were
found for Slant (β = −0.29, p < 0.1) and DC (β = 0.35,
p < 0.1). The effects of Pixels (β = 0.60, p < 0.01) and
Complexity (β = −0.50, p < 0.01) were significant at the reverse
condition, while effects of AR (β = 0.32, p < 0.1) were marginally
significant (Figure 6B) (χ2 (44) = 33.381, p = 0.878, GFI = 0.890,
NFI = 0.909, CFI = 1.000, RMSEA = 0.000, AIC = 127.382).
For the best-fitting path model for accuracy at the basic
level, the effects of Pixels (β = −0.47, p < 0.001), Slant
(β = 0.27, p < 0.01), M+ (β = 0.23, p < 0.05), and ImageAgree
(β = 0.44, p < 0.01) were significant for the forward condition,

A three-way mixed ANOVA was conducted for reaction
time [between factor: category level; within factors: target-word
position (forward vs. reverse) and stimulus category]. Results
indicated that the main effects of the category level and targetword position were significant (category level and target-word
position: F(1, 41) > 8.25, p < 0.01, ηp 2 > 0.16). The interactions
between the category level and target-word position were also
significant (F(1, 41) = 13.16, p < 0.001, ηp 2 = 0.24). The main
effects of the stimulus category and other interactions were
insignificant. Further, an analysis of the simple effects between
the category level and target-word position showed that all
single main effects were significant. This indicates that reaction
times for the forward condition were shorter than those for the
reverse condition at both the basic and superordinate levels,
while reaction times for the basic level were shorter than those
for the superordinate level for both the forward and reverse
conditions (Figure 4).
A three-way mixed ANOVA was also conducted for accuracy
(between factor: category level; within factors: target-word
position and stimulus category). Results showed that the main
effects of the stimulus category and interactions between category
level and stimulus category were significant (stimulus category:
F(5, 205) = 5.14, p < 0.01, ηp 2 = 0.11, ε = 0.74; category
level × stimulus category: F(5, 205) = 7.33, p < 0.001, ηp 2 = 0.15,
ε = 0.74). An analysis of the simple effect between the category
level and stimulus category showed that the simple categorylevel effects for animals, plants, and furniture were significant
(F(1, 41) > 6.59, p < 0.05, ηp 2 > 0.13). This indicates that
accuracy was higher for the basic level than for the superordinate
level for both animals and plants, whereas accuracy was higher for
the superordinate level than for the basic-level for furniture. The
simple main effect of the stimulus category was also significant at
the basic level. Multiple comparisons indicated that the furniture
category was recognized with less overall accuracy than the
animal, plant, and clothing categories, while musical instruments
were recognized with less accuracy than animals (Figure 5).
We then investigated the effects of visual properties on
both reaction time and accuracy during categorization. This
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FIGURE 6 | Summary of the best fitting model in the path analysis of reaction time for the (A) basic and (B) superordinate levels. One-sided arrows indicate causal
effects from starting to end variables; two-sided arrows show correlations between variables. Solid arrows indicate positive effects; dashed arrows indicate negative
effects. Coefficients of correlation were abbreviated for better visibility.

while the effects of ImageAgree (β = 0.29, p < 0.1) were
marginally significant for the reverse condition (Figure 7A)
(χ2 (47) = 35.410, p = 0.983, GFI = 0.879, NFI = 0.908,
CFI = 1.000, RMSEA = 0.000, AIC = 123.410). Accuracy for
the forward condition was influenced by Matrix (β = 0.43,
p < 0.01), Slant (β = −0.58, p < 0.001), and ImageAgree

Frontiers in Psychology | www.frontiersin.org

(β = −0.43, p < 0.001) at the superordinate level, while
accuracy for the reverse condition was influenced by Complexity
(β = 0.55, p < 0.001), Familiarity (β = 0.31, p < 0.01),
and ImageAgree (β = −0.25, p < 0.05) (Figure 7B) (χ2
(46) = 34.400, p = 0.896, GFI = 0.882, NFI = 0.910, CFI = 1.000,
RMSEA = 0.000, AIC = 124.397).
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FIGURE 7 | Summary of the best fitting model in the path analysis of accuracy for the (A) basic and (B) superordinate levels. One-sided arrows indicate causal
effects from starting to end variables; two-sided arrows show correlations between variables. Solid arrows indicate positive effects; dashed arrows indicate negative
effects. Coefficients of correlation were abbreviated for better visibility.

the position of target cues (i.e., forward and reverse condition)
in the context of a categorization task. We also investigated
which shape components affected basic- and superordinate-level
categorizations by comparing dependence levels in regard to
shape variables. Results indicated that the categorization process

DISCUSSION
This study investigated whether bottom-up or topdown processing was preferential depending on basic- or
superordinate-level categorizations. We specifically controlled
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condition categorizations arose from subjective image ratings
(e.g., Complexity, Familiarity, and ImageAgree). This indicates
that, for the processing of superordinate-level categorizations
in the forward condition, it is more important to match
simple shape properties with stored object representations,
whereas for the processing of superordinate-level categorization
in the reverse condition, it is more important to match
the shapes stored in object representations with received
visual information.
The concept of different category levels is one of the most
important in object recognition. The theory of object recognition
indicates that the accessibility of object representations causes
different response speeds and levels of accuracy between category
levels. However, this study found that such categorizations
were related to different shape properties for basic and
superordinate levels. We conducted experiments that were
specifically designed to control the sequence of target-word
positions (i.e., forward and reverse conditions), and compared
visual information dependence at both levels. For basiclevel categorizations, visual information differed between the
forward and reverse conditions, indicating that different
processes of object categorization change the required visual
information through the received information. This processing
difference may allow basic-level categorizations to operate
in various situations both quickly and accurately. On the
other hand, for superordinate-level categorizations, visual
properties related to shape complexity had significant effects
on reaction time and accuracy, regardless of forward or
reverse conditions. As such, superordinate-level categorizations
resulted in consistent responses even with minimal amounts
of received information (i.e., during ultra-rapid categorizations;
Thorpe et al., 1996).
In this study, we constructed a general model of object
categorization and used some cross-category properties as
indexes, such as a degree of circularities and curvature
extrema. It is, however, possible that the indexes representing
specific category properties may be involved in contribute
to a more suitable model (see also, Zhang et al., 2011,
2014). Indeed, some studies have shown that categorization
performance is influenced by whether an object is living
or non-living (McMullen and Purdy, 2006; Riddoch et al.,
2008; Mahon et al., 2009; Praß et al., 2013). Furthermore,
the effect of shape properties can change based on the
viewpoint of an observer (Blanz et al., 1999; Zhang et al.,
2018, 2019, 2020). These issues should be investigated through
further research.
Daily behavior is influenced by object recognition. This
study showed that object recognition is variable, or flexible in
different situations (e.g., different category levels and order of
received visual information). As such, the object recognition
process may change based on individual behaviors. In other
words, a flexible structure was constructed during object
recognition to deal with various behaviors. A previous study
showed that both children and adults with ASD failed to
make quick and/or accurate categorizations when compared
with typically developing participants (Gastgeb et al., 2006;
Gastgeb and Strauss, 2012). This may indicate that individuals

changed based on both the object category levels and target-word
positions. For basic-level categorizations, the most important
information for the forward condition included primary and
local shape properties, while that for the reverse condition
included the subjective estimation of line-drawing images. For
superordinate-level categorizations, however, higher-level visual
information (e.g., shape complexity) was highly important
regardless of whether the condition was forward or reverse.
The results of an ANOVA conducted on reaction time
indicated the presence of basic-level advantage effects for both
the forward and reverse conditions, thus replicating the findings
of Rosch et al. (1976). For accuracy, however, such effects were
only found in the animal and plant categories. On the other
hand, higher accuracy was detected for the superordinate-level
furniture category when compared to that of the basic level. This
may indicate that accuracy in the basic level depends on the
variety of objects in a category. The basic level included a greater
number of items for the animal and plant categories than for
others (e.g., furniture and musical instruments). For example,
the animal category contained a variety of candidates (e.g., dog,
cat, and bird). As such, the names of basic-level animals and
plants were more familiar to participants, who exhibited higher
accuracy when compared to the superordinate level. The basiclevel furniture category, on the other hand, may have presented
greater difficulty than other categories because constituent items
contained many similar shapes (e.g., rectangles).
We also conducted a path analysis to determine the shape
properties used in both the basic- and superordinate-level
categorizations. Shape variables affected reaction time differently
for the forward and reverse conditions only during basic-level
categorizations, while the forward condition was influenced
by the basic information found in line-drawings (e.g., Pixels
and Matrix as well as curvature singularities such as M+ and
m−). This indicated that basic-level categorizations depended
on simple shape characteristics when participants matched items
with stored representations during top-down processing. Further,
the reverse condition was influenced by both the subjective rates
of Familiarity and ImageAgree and the curvature singularities
of M+. For basic-level categorizations, this may indicate
that bottom-up processing is dependent on subjective ratings
in terms of object-representation accessibility. Thus, shape
information was prioritized differently according to “target-word
position” – and, thus, mode of processing – during basic-level
categorizations.
For superordinate-level categorizations, the forward and
reverse conditions shared similar reaction time effects in regard to
the shape variables of Pixels, AR, and Complexity. This indicates
that superordinate-level categorization depends on higher-level
visual information related to Complexity for both bottom-up and
top-down processing.
The path analysis of accuracy indicated different dependencies
on shape variables during both basic- and superordinate-level
categorizations for both the forward and reverse conditions.
Categorizations in the forward condition depended on basic
image properties (e.g., Pixels, Matrix, and Slant), indicating that
forward condition categorizations arose from shape matching
and simple shape properties from stimulus images, while reverse
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with ASD have less flexibility during object recognition when
compared to neurotypical individuals, thus causing difficulties
in daily life. As such, additional research is necessary to
clarify the relationship between object-recognition flexibility
and daily behavior.
In sum, this study investigated whether categorization
decisions, at both the basic and superordinate levels, depended
on bottom-up and/or top-down processing according to the
forward condition (presenting the target name before the linedrawing stimulus) and reverse condition (presenting the target
name after the line-drawing stimulus). Further, it evaluated
what visual information is required for quick and accurate
categorization at each level. The results suggested that the
categorization process changed based on both the object category
level and target-word position. For basic-level categorizations,
primary and local shape properties were important for the
forward condition, while subjective estimation of line drawing
images was important for the reverse condition. Superordinatelevel categorizations depended on higher-level visual information
(e.g., shape complexity) regardless of whether the condition was
forward or reverse.
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Studying trust in the context of human–robot interaction is of great importance given
the increasing relevance and presence of robotic agents in the social sphere, including
educational and clinical. We investigated the acquisition, loss, and restoration of trust
when preschool and school-age children played with either a human or a humanoid
robot in vivo. The relationship between trust and the representation of the quality
of attachment relationships, Theory of Mind, and executive function skills was also
investigated. Additionally, to outline children’s beliefs about the mental competencies of
the robot, we further evaluated the attribution of mental states to the interactive agent. In
general, no substantial differences were found in children’s trust in the play partner as a
function of agency (human or robot). Nevertheless, 3-year-olds showed a trend toward
trusting the human more than the robot, as opposed to 7-year-olds, who displayed
the reverse pattern. These findings align with results showing that, for 3- and 7-yearolds, the cognitive ability to switch was significantly associated with trust restoration in
the human and the robot, respectively. Additionally, supporting previous findings, we
found a dichotomy between attributions of mental states to the human and robot and
children’s behavior: while attributing to the robot significantly lower mental states than
the human, in the Trusting Game, children behaved in a similar way when they related
to the human and the robot. Altogether, the results of this study highlight that similar
psychological mechanisms are at play when children are to establish a novel trustful
relationship with a human and robot partner. Furthermore, the findings shed light on the
interplay – during development – between children’s quality of attachment relationships
and the development of a Theory of Mind, which act differently on trust dynamics as a
function of the children’s age as well as the interactive partner’s nature (human vs. robot).
Keywords: developmental robotics, HRI, Theory of Mind, attachment, social interaction

INTRODUCTION
One of the challenges of contemporary robotics is long-term interaction, which assumes that
competent robot partners will have many human-like characteristics, enabling the complexity
and multidimensionality of human interactions. This objective has been strengthened by a new
interdisciplinary approach to robotics, i.e. Developmental Robotics (Cangelosi and Schlesinger,
2015). For example, Vinanzi et al. (2019) have proposed an artificial cognitive architecture to
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the child’s parents and the social workers, but also between the
latter and the child in need of psychosocial adjustment (HaffordLetchfield and Spatcher, 2007). Developmental research on the
construction of trusting relationships shows that trust dynamis
change significantly as a function of age. For example, children
aged 3 years tend to display trust if the informant is consistently
182 accurate (Clément et al., 2004; Koenig et al., 2004; Pasquini
et al., 2007) but are relatively unforgiving in case of mistakes
(Harris, 2007), effectively showing a certain behavioral rigidity.
With development, particularly from 4 years of age, children
become more flexible: they do not rely on another’s testimony in
an indiscriminate fashion (Harris, 2007) and show selective trust
in others’ testimony (Clément et al., 2004; Chan and Tardif, 2013).
They attend both to the information available at that moment,
and to the reliability that a person has shown in the past.
Human trusting relationships are also shaped by past
relational histories, originating with primary caregivers (e.g.
Camisasca et al., 2017; Giovanelli et al., 2020; Marchetti
et al., 2020) and extending to subsequent, significant affective
relationships (Bowlby, 1969, 1973, 1980). It has been suggested
that children’s decision to place trust in an unknown informant,
especially in a context of uncertainty, may also depend on
generalizing from their personal attachment history (Fonagy,
1998; Allison and Fonagy, 2016; Fonagy et al., 2019; see
also, Bo et al., 2017; Luo et al., 2018). For example,
securely attached children are more flexible in establishing
trustful relationships with epistemically reliable strangers than
children with a fragile relational past (see, for example,
Corriveau et al., 2009). In this view, we may ask about
interactions that involve partners with whom there is no
affective history and with whom a relationship needs to be
built on the basis of novel interactional dynamics that develop
hic et nunc.
Likewise, the development of the individual’s cognitive
competencies is important, particularly for the definition of
the informant’s epistemic reliability. Cognitive skills allow
individuals to reason about the other’s perspective and to
objectively evaluate informational access. In this respect, the
development of a ToM enabling individuals to conceptualize
the mental states that guide behavior (Wimmer and Perner,
1983) and social competence (Premack and Woodruff, 1978;
Perner and Wimmer, 1985; see also, Lombardi et al., 2018; for
a review, see Wellman et al., 2001) is a necessary prerequisite
for the establishment of trusting relationships (Fusaro and
Harris, 2008; Lecciso et al., 2011; Sharp et al., 2011; Lucas
et al., 2013; Brosseau-Liard et al., 2015; Rotenberg et al., 2015;
Van Reet, 2015). The association between the establishment
of trust and the development of ToM competencies was
first hypothesized by Koenig and Harris (2005) who found
that only 4-year-olds, and not 3-year-olds, showed selective
trust toward a previously accurate informant. More recently,
associating trust beliefs with ToM abilities in children aged
9 years, Rotenberg et al. (2015) further showed that children’s
trust beliefs in others are associated with both second-order
false belief ToM ability as well as with advanced ToM
abilities (see also Van Reet et al., 2015). As well-documented
(e.g. Carlson and Moses, 2001; Frye et al., 1995), there is

simulate human decision making in the robot by using concepts
from developmental theories, such as Theory of Mind (ToM).
From this perspective, the implementation of an artificial
architecture, together with an understanding of the human’s
response to the behavior of a robot within a relational context,
aims to shed light on the processes involved in establishing a
relationship with robotic agents (e.g. Wykowska et al., 2016;
Wiese et al., 2017). Within this framework, trust comes into
play as a key psychological component underpinning successful
interpersonal relationships, particularly when these include at
least one robotic agent. In the present study, we observed children
between the ages of 3 and 9 who established relationships of trust
with a human or the humanoid robot NAO in a simple “guessing”
game in which the child and the human or robot played together.
Furthermore, not only did we assess trust acquisition, but also
a key feature of real-life relational dynamics: trust restoration
after trust loss. As a matter of fact, trust is a dynamic process
based on past relational experiences and, as such, it is subject
to fluctuations operationalized in this study via three phases of
trust: acquisition, loss, and restoration. The latter phase is of
particular interest. While human forgiveness has been studied
in different conditions (see, for example, Grover et al., 2019),
the investigation of how relational failures may affect trust
restoration in a relationship with a robot is still unexplored.
In psychology, trust can be described as “a multidimensional
psychological attitude involving beliefs and expectations about
the reliability of the trustee resulting from social experiences
involving uncertainty and risk” (Jones and George, 1998; in
Lewis et al., 2018, p. 137). Trust in the choices of unknown
people can be envisaged also in situations where we passively
witness their behavior, with consequences on our own decisions
(e.g. Rizzato et al., 2016). The multidimensional nature of trust
encompasses the idea that trust can be built based on either (or
both) objective factors or (and) an emotional, quite irrational,
attitude toward the partner (Lahno, 2001). In this light, emotional
trust can be conceived as somewhat independent of objective
information. In this study, we recreated a situation of total
uncertainty in which the choices of a partner, who should be
trusted, are not based on the evaluation of objective elements,
and also the decision of the child to trust in the partner are
devoid of rational elements. Rather, the decision to trust or
not to trust the partner’s choices is consequentialist in nature
considering that, until proven otherwise, the partner is always
accurate in her/his/its choices. That is, trust is progressively built
through constant endorsement of the play partners’ reliability in
providing correct responses (see, Rotenberg, 2010). From this
perspective, conformation to the other’s choices reflected levels of
trust acquisition as well as acceptance of the other as a potential
partner (Nass et al., 1995; Nass and Moon, 2000).
The establishment of trusting relationships is critical for
effective interpersonal dynamics. This is particularly relevant
where children are called to build new relationships with peers,
educators, and other adults. An example of the importance of
the construction of interpersonal trust is highlighted in a study
with children under protection services (Petrocchi et al., 2018). In
these critical circumstances, not only does the success of the social
interventions rely on building trusting relationships between
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under a box. Through the structure of the game, we set the
conditions for the child to consequentially make the same
decisions as the play partner, thus ultimately establishing a
trusting relationship (e.g. Nass and Moon, 2000): the other
becomes trustworthy because it demonstrates that her/his/its
choices, even if random, always lead to a correct answer. This
procedure benefitted from having the child gradually build
trust in the partner during a social interaction. It was chosen
not to establish epistemic trust before the game following
best known procedures (see, for example, Koenig and Harris,
2005; Corriveau and Harris, 2009) because we also wanted to
appreciate the dynamics of trust construction when interacting
with different relational agents, i.e. the human and the robot.
Once trust had been acquired, as indexed by a consistent
agreement between the play partner’s and the child’s responses,
the phases of loss of trust and trust restoration put the child’s
trust to test. These latter phases were most critical for the
child because s/he had to reconsider the newly established
trust in the robot or the human. To better understand what
psychological factors are in place when building a trusting
relationship with the robot, as compared to the human, we
addressed specific different chronological ages (e.g. Lombardi
et al., 2017) where the development of affective and cognitive
processes may be distinctively influential on trust. Also, to better
appreciate how trust is configured within robot–human and
human–human interaction, we avoided creating competitive or
collaborative conditions that could have polarized the dynamics
of trust-building. As a matter of fact, the type of interaction
can significantly influence trust (Hancock et al., 2011) by
negatively or positively skewing trust in case of competition
or collaboration, respectively (Kidd, 2003; Kuchenbrandt and
Eyssel, 2012). Therefore, we had the children play for the
mere fun of playing with a little thank-you gift delivered at
the end of the game (the structure of the TG is detailed in
section “Materials and Methods”). Finally, we further assessed
the distinctive contribution of ToM and executive function
skills in building trust at different developmental ages, thus
extending current literature by also exploring these cognitive
components when children interacted with a robot or a
human agent.
To make the child perceive the robotic agent NAO as a
real interactional partner, it was introduced to children in a
preliminary session when they were familiarized with some of
the robot’s physical and social skills (walking, moving its arms,
talking, greeting, etc.) (see Vogt et al., 2017). To make its behavior
human-like, when playing its turn during the TG, NAO used
simple and clear verbal indications, accompanied by gestures
indicating the possible target position of the doll. Additionally,
the robot was programmed to alternate between looking at the
play setup and the child, reproducing a realistic attentional shift
(Zanatto et al., 2019).
The children’s perception of the robot’s mental qualities as
compared to the human was evaluated through the Attribution
of Mental States (AMS) questionnaire (Di Dio et al., 2018, 2019).
This measure has consistently shown that school-age children do
discriminate between the human and the robot in mental terms,
although, during interaction, children also typically display

a strict relationship between false belief understanding and
more general executive function skills. One may then question
about the overlap between these competencies in building
trust. Still, socio-cognitive skills mediated by one’s ability to
understand the others’ knowledge, like false belief, appear to
be more influential in building selective trust rather than more
general executive function skills, at least in some cultures
(Lucas et al., 2013).
In relation to human–robot interaction, studies that have
specifically investigated trust in a robot agent or system have
typically involved adult participants. These studies have either
used explicit measures of trust assessment, mostly involving selfreports (e.g. Yagoda and Gillan, 2012), or implicit measures
of trust assessment. Explicit measures of trust are strongly
subject to the idiosyncratic attitude and the impression that
one has of the robot, which are often based on beliefs and
not on actual interactional experiences with the robot; on the
other hand, implicit measures of trust generally involve the
postulation of hypotheses framed by specific environmental
and theoretical conditions that are then tested during actual
interaction with a robotic system. Gaudiello et al. (2016), for
example, investigated the role played by functional acceptance
(perceived ease of use, usefulness) and social acceptance
(generally linked to social competencies) of the robot iCub for
effective human–robot interaction. These two aspects appear to
be most consistently associated with an enduring perception
of the robot’s skills, i.e. its usefulness and sociality (ShawGarlock, 2009; Heerink, 2010). As a most comprehensive measure
of functional and social acceptance of the robot, the users’
trust in the robot was assessed as a function of the robot’s
social and functional knowledge. The users’ trust in the robot
prevalently relied on its functional rather than social knowledge,
although data generally highlighted adults’ poor acceptance of,
and a predominant distrust in robots. With children, the factors
underpinning child human–robot interaction have not been
systematically explored. There are several studies that inform
about ways in which children interact, play, and learn from a
robotic agent in school and educational contexts (Kanda et al.,
2004; Okumura et al., 2013a,b; Breazeal et al., 2016; Baxter
et al., 2017; Belpaeme et al., 2018; Cangelosi and Schlesinger,
2018; Di Dio et al., 2019). These studies have shown that
children tend to interact with robot partners in a humanlike manner, proving to be sensitive to verbal and non-verbal
signals, such as eye gaze (Okumura et al., 2013a,b), and
often attributing mentalistic competencies to the robot (for a
review, see Marchetti et al., 2018). In this respect, the work
by Short et al. (2010) shows that unfair/cheating robots in
a common “rock-paper-scissors” child-game are able to elicit
interest in the child as well as a greater tendency to attribute
intentions to the robot. This study brings further support
to the idea that human-like behavior (either trustful or even
deceptive) is associated to a greater interactional potential toward
a robot partner.
In the present study, trust was explored through a novel
Trusting Game (TG) named “Guess where it is” requiring
the interactive partner (either the human or the robot) and,
subsequently, the child to guess the position of a doll hidden
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five different state categories: Perceptive, Emotional, Desires and
Intentions, Imaginative, and Epistemic. The child had to respond
“Yes” or “No” to each question. If the answer was Yes, then the
experimenter asked a follow-up question: “How much? A little bit
or very much?”, yielding a 3-point scale. For example, in answer
to the question: “Do you think that he/she/it can understand?”,
the range of answers could be: No (0), Yes, a little bit (1), or
Yes, very much (2). The total score was the sum of all answers
(range = 0–50); the five partial scores were the sum of the answers
within each category (score range = 0–10).

similar behaviors toward both. Accordingly, we hypothesized to
find substantial differences in the children’s attribution of mental
states to the human and the robot, whereas a similar trustbuilding dynamics when interacting with either partner during
the TG. Additionally, we hypothesized to find a greater tendency
to trust, especially in the human, among younger children whose
trust is possibly mainly driven by affect rather than cognition.
On the other hand, we hypothesized to find the establishment of
more reflective trusting relationships among children given the
development of ToM competencies. No specific predictions were
advanced with respect to the role of executive functions in trust
dynamics given the fair lack of specific evidence in this respect.

Trusting Game
The TG was inspired by the work of Yang et al. (2017). The
game requires the play partner (either the human or the robot)
and the child guess the position of a doll hidden under a box.
By its nature, the game is neither explicitly collaborative nor
competitive since both players have to independently guess the
position of the doll and correct guesses do not lead to any
tangible reward. The TG involves two players (i.e. a child –
participant – playing with either the experimenter or the robot)
and a game-master (i.e. a second experimenter). The game
consists of presenting to the players two boxes and a little doll
that are positioned on a table that looks very much like a coffee
table and at which both players are seated. The game-master,
who sits on the opposite side of the table, hides the doll under
one of the two boxes without being seen by the two players (see
Figure 1 for a depiction of the experimental setup). The game
consists of guessing where the game-master has hidden the doll.
The game starts with the experimenter explaining verbally to the
players the rules, showing them an example of a sequence: “Now
you and (the other partner’s name) will play a game together
called “guess where it is.” I’ll show you how it is played. Here
are two boxes and a little doll. I will hide the doll under one of
the two boxes, but you won’t see where I hide it because I will
put this paper board in front of you, like this.” After positioning
the board, the experimenter moves the boxes around and then
removes the board, placing it on the side of the table. The
experimenter then informs the partners that they have to guess
where the doll has been hidden by pointing at one of the boxes.
Next, without revealing the doll’s location, the experimenter asks:
“It is all clear?”. If both partners answer positively, then the
play started. All children understood the instructions the first
time. The children were also informed that they would receive
a packet of stickers at the end of the game to thank them
for their participation. Once the game began, the experimenter
told the child that the partner (referred to by her/his/its name)
would always make the first guess. The position of the doll was
established a priori to correctly instruct (or program, if NAO) the
play partner’s choice during each phase of the game.
The TG involves three independent phases. The first phase
[Trusting Acquisition (TA)] aims to assess the participant’s
acquisition of trust in the other player by calculating how many
trials elapse before the child follows the other player’s guess.
Trust is assumed when the child follows the other player’s guess
on three consecutive trials. After trust acquisition, the game
switches into the second phase [Mistrust Acquisition (MA)],
which assesses the participant’s acquisition of mistrust in the

MATERIALS AND METHODS
Participants
Ninety-four (94) Italian kindergarten and school-age children
participated in the experiment. The children were divided into
four age groups as follows: 3-year-olds (N = 22, 9 females), 5year-olds (N = 24, 13 females), 7-year-olds (N = 25, 13 females),
and 9-year-olds (N = 23, 12 females). The children were recruited
from a preschool and a primary school of Milan. The children’s
parents received a written explanation of the procedure of the
study, the measurement items, and the materials used, and they
gave written consent. Children were not identified by parents
or teachers for learning and/or socio-relational difficulties. The
study was approved by the Local Ethics Committee (Università
Cattolica del Sacro Cuore, Milan).

Tasks
The children were assessed in two experimental sessions on
different days within a 2-week time frame. In the first session,
the children were administered the following tests: AMS scale
(inspired by the work of Martini et al., 2016), TG task [inspired
by the work of Yang et al. (2017)], and a first-order and (for
5- to 9-year-olds) a second-order False-Belief task (Wimmer
and Perner, 1983; Perner and Wimmer, 1985). In the second
session, the children were administered a further version of
the first-order and second-order False-Belief task, the quality
of attachment relationships (SAT) test (Liverta Sempio et al.,
2001), an executive function task (Dimensional Change Card
Sort, DCCS; Zelazo, 2006) for the 3- and 5-year-olds, and
the Developmental NEuroPSYchological Assessment (NEPSY II;
Korkman et al., 2007) subtest for the 7- and 9-year-olds. Both tests
assess the ability to switch between responses.

Attribution of Mental States
The AMS scale is a measure of the mental states that participants
attribute when looking at pictures depicting specific characters,
in this case a human and the robot NAO. The scale is an
ad hoc questionnaire that was based on Martini et al. (2016).
AMS has been used in previous works (Di Dio et al., 2018,
2019; see also, Di Dio et al., 2020; Manzi et al., 2020) and
has proven fairly consistent in outlining age-specific response
patterns with respect to attribution of mental states to both
robots and humans. Children were asked 25 questions grouped in
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FIGURE 1 | Overview of the experimental setup in the Trust Game. (A) Overview of the participants’ seating arrangement and stimuli. (B) Photograph representing
the SoftBank Robotics NAO humanoid robot while playing the Trust Game with a child (subject).

the analyses. Accordingly, one child was removed from
age group 3 years and three children were removed from
age group 7 years.

other player by calculating how many trials it takes for the
child not to follow the other player’s guess. Mistrust is assumed
when the child does not follow the other player’s guess on three
consecutive trials. The last phase [Trusting Restoration (TR)]
shares the same play structure as the initial phase. The game
lasted, on average, between 10 and 20 min.
Each phase consisted of a maximum of 10 trials and ended
after trust acquisition (phase 1), mistrust acquisition (phase 2),
and trust restoration (phase 3). The switch to the following phase
also occurred if the participant completed 10 trials within a
given phase without completing the three-trial sequence. The
dependent variable (DV) was the number of trials the child
required before acquiring trust or mistrust. For example, in the
initial phase, if the child started to follow the other player for
three consecutive trials after the second trial (i.e. 0 0 1 1 1), the
participant scored 2. If the child displayed trust immediately (i.e.
1 1 1), s/he scored 0. If the child completed the 10 trials within
each phase without acquiring trust or mistrust, she/he scored 8,
which is the maximum value that could possibly be attributed
before ending the phase with a three-trial sequence. To compare
data in the analyses, trust and trust restoration indexes were
reversed to indicate, alongside trust loss, a comparable measure
of the tendency to trust. Thus, a child could score between 0 (low
trust) and 8 (high trust).
For the treatment of missing cases, we considered mean,
median, and mode values, as well as children’s most common
response patterns. The median was ultimately chosen as
the most representative index for replacing missing values.
Accordingly, two children were recovered for age groups
3, 5, and 9 years; one child was recovered for the age
group 7 years. When an entire session was missing, the
values were not replaced and the child was removed from
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Theory of Mind
The Unexpected Transfer task (Wimmer and Perner, 1983)
and the Unexpected Content task (Perner and Wimmer,
1985) were used to evaluate first-order ToM by assessing the
acquisition of false beliefs understanding. First-order ToM entails
a recursive thinking, which implies the meta-representation or
the representation of a mental representation of a low complexity
level, of the kind “I think that you think. . .”. Children exhibit
this competence at around 4 years of age with the emergence
of false beliefs. The child is told a story involving two doll
characters. One of the characters is deceived with respect to
either the location or contents of an object and the child is
tested for his/her ability to understand the character’s false
belief. For example, the unexpected transfer story is about two
siblings playing with a ball in a room. One of the children puts
the ball in a box and leaves the room. Meanwhile, the other
child takes the ball out of the box, puts it in the basket and
goes away. Finally, the first character comes back in the room
and wants to play with the ball. At the end of the story, the
experimenter asks the child the following questions: “What is
the first place where she will look for the ball?”—referring to
the first character (first-order false belief question); “Where did
the child put the ball before going away?” (control memory
question); “Where really is the ball?” (reality control question).
The answers to the two control questions (memory and reality)
were used to filter the children’s performance. Having passed
control questions, the test question about false belief is scored 1 if
correct and 0 if incorrect.
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the sum of the scores in the attachment scale and in the
self-confidence scale, and of the sum of the inverse of the
avoidance scale, calculated by subtracting this score from the
total amount potentially obtainable on this scale. Scores range
from 6 to 36, with higher scores reflecting greater quality of
attachment relationship.

The development of a second-order false belief competence
was assessed through the Ice-Cream Van task (Perner and
Wimmer, 1985) and the Look-Prediction task (Liverta Sempio
et al., 2001; Astington et al., 2002). Second-order ToM implies
a meta-representation of a greater complexity with respect to
first-order ToM, of the kind “I think that you think that s/he
thinks. . .”. Children aged from 7 years have typically matured
this competence, although it can also emerge at an earlier age.
The second-order ToM stories involve three characters presented
on a storyboard. For example, the ice-cream van story is about
Maria and Giovanni, who – while playing in the park – see
an ice-cream van. Maria wants to buy an ice cream, but she
has no money. She therefore decides to go home to take the
money, sure that the ice-cream van will stay in the park. However,
while Maria is away, Giovanni sees the ice-cream van moving
away. Giovanni asks the ice-cream man where he is going,
and the ice-cream man replies that he is going in front of
the school to sell more ice creams. While Maria is leaving
home, she sees the ice-cream man and she asks him where
he is going. After knowing that he is moving to school, she
says that now that she has the money, she can follow him
to school. At the end of the story Giovanni goes to Maria’s
house, and asks her mother where her friend is. Maria’s mum
answers that Maria has just gone out to buy an ice cream.
The child (participant) is then asked the following questions:
“Where does Giovanni think Maria went to buy the ice cream?
(second-order false belief); “Why does Giovanni think so?”
(justification); “Does Maria know that the ice-cream van is in
front of the school?” (first-order false belief); “Does Giovanni
know that the ice-cream man spoke with Maria while she was
leaving her house?” (reality control question); “Where did Maria
go to buy the ice cream?” (memory control question). For
both second-order false belief tasks, having passed the control
questions, children scored 1 for correct statements and 0 for
incorrect statements on both test and justification questions.
A second-order false belief task total score was then calculated
ranging from 0 (no response) to 2 (completely correct response)
(Perner and Wimmer, 1985).

Executive Function Skills
Children aged 3 and 5 years were administered the DCCS
assessing the capacity to switch responses [for a full description
of the test, please refer to Zelazo (2006)]. Seven and 9-yearolds’ executive functions were assessed using “A Developmental
NEuroPSYchological Assessment” subtest (NEPSY II; Korkman
et al., 2007), testing the ability to inhibit automatic responses
and to switch between response types. The child looks at a
series of black and white shapes or arrows and names either the
shape or direction or makes an alternate response, depending
on the color of the shape or arrow. In the present study, we
used the combined scores of the Inhibition NEPSY-II subtest,
which associates accuracy and speed of response. For a detailed
description of the scoring criteria, please refer to the manual
(Korkman et al., 2007).

Experimental Procedure
Introducing the Play Partners
On a day that preceded the main experimental session, children
were introduced to three play partners (two humans – a boy and
a girl – and the robot) through video clips displayed in class on a
large projector. In the videos, each of the potential partners said
the same sentence: “Hello, my name is. I will be playing with you
in the next days. See you soon. Bye.” The videos represented the
actors while exiting a room and waving their hand to say goodbye.
In this way, the children saw that the robot NAO could walk, talk,
and move its head and arms.

Experimental Sessions
The children were tested individually in a quiet room in their
kindergarten or school. Tests were carried out by two researchers
both in the morning and in the afternoon during normal activity.
In the first session, the administration of the battery lasted
approximately 20–30 min, depending on the child’s age. The
administration of the task in the second session took about 35–
45 min.
The first session started with the administration of AMS. The
five AMS state categories (Perceptive, Emotional, Desires and
Intentions, Imaginative, and Epistemic) were randomized across
children. Afterward, children participated in the TG. At this
point, the partner (i.e. human or robot) entered the experimental
room and was introduced by the experimenter by his/her name:
“Do you remember, this is . . .”. Then, both the child and the
partner were invited to sit on the ground on a plastic carpet in
front of an ad hoc table. The plastic carpet was used to correctly
position NAO when children interacted with the robot. A paper
black board was positioned next to the table, and was used to
cover the setting when playing. A female experimenter played
with girls and a male experimenter played with boys. Half of
the children played with the robot in the first session and with

Separation Anxiety Test–Family Version (F-SAT)
The Separation Anxiety Test is a semi-projective task that
evaluates the child’s mental representation of his/her attachment
to the caregiver. The original version developed by Hansburg
(1972) for adolescents was adapted by Klagsbrun and Bowlby
(1976) for children aged 4 to 7 years. In the latter version, six
pictures are presented to the child, each depicting a situation
of separation from a familiar caregiver. The child is asked to
describe the protagonist’s feelings, to justify them, and to predict
what the protagonist will do, thereby probing the coping strategy
of the protagonist. The Italian version used in this study (Liverta
Sempio et al., 2001) is based on a modification of other versions
of the same task (Fonagy et al., 1997).
The coding reflects three dimensions: (1) attachment, i.e. the
ability to express vulnerability and need; (2) self-confidence, i.e.
the ability to autonomously face separation; and (3) avoidance,
i.e. the propensity to speak about the separation. Participants
score 1 for each dimension. The final score is the result of
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the human in the second session. The other half underwent the
reversed play order.
After the game, the child was administered one of the two
first-order ToM tasks and, starting from 5 years of age upward,
one of the two second-order ToM tasks. The order of the
ToM tasks was randomized across children, so that those who
performed, for example the unexpected transfer task in the first
session, completed the unexpected content task in the second
session. The same was true for the second-order ToM tasks.
Finally, children were given two further assessments: SAT and
executive function.

RESULTS
Trusting Game
The GLM analysis, with three levels of phase (acquisition,
loss, and restoration) and two levels of agency (HB and
RB) as within-subjects factors, and age group (four levels)
as the between-subjects factor (3, 5, 7, and 9 years), was
carried out to assess children’s tendency to trust in the
human and in the robot. An inspection of the box plots
displaying the performance of each age group showed
no extreme cases.
The results revealed a main effect of phase (Figure 2A),
F(2, 172) = 10.51, P < 0.001, partial-η2 = 0.11, δ = 0.99,
indicating that, independent of agency and age group, children
exhibited a lower tendency to trust in phase 3 (trust restoration),
compared to both phase 1 (trust acquisition), Mdiff = 1.19;
SE, 0.26; P < 0.001, and phase 2 (trust loss), Mdiff = 0.94;
SE, 0.27; P < 0.01. Additionally, age-related differences were
found, F(3, 86) = 8.76, P < 0.001, partial-η2 = 0.23, δ = 0.99.
More specifically, 3-year-olds showed a greater tendency to
trust than the other age groups including the 5-year-olds,
Mdiff = 1.83; SE, 0.52; P < 0.01; 7-year-olds, Mdiff = 1.1;
SE, 0.53; P < 0.05; and 9-year-olds, Mdiff = 2.64; SE, 0.53;
P < 0.001. No interactions were found between phase and age
group, P > 0.05. Additionally, agency did not have any impact
as a main effect and in the interaction with the other variables,
P > 0.05.
Having found a consistent correlation across ages between
first-order ToM and performance in the TG as described below,
a further GLM was carried out using first-order ToM as a
covariate. This analysis revealed a main effect of agency (Robot –
RB > Human Being – HB), F(1,85) = 4.99, P < 0.05, partialη2 = 0.06, δ = 0.60, and a significant interaction of agency × age
group, F(3, 172) = 2.81, P < 0.05, partial-η2 = 0.09, δ = 0.66.
The post hoc analyses showed that while 3-year-olds tended to
generally trust in the human more than in the robot, Mdiff = 1.04;
SE, 0.67; P < 0.05, children aged 7 years tended to trust in the
robot more than in the human, Mdiff = 1.33; SE, 0.56; P < 0.05.
This interaction is plotted in Figure 2B.

Statistical Analysis
Statistical analysis was carried out using the IBM Statistical
Software Platform SPSS (v. 19.0). To evaluate possible differences
in children’s tendency to trust the human and robot partner
as a function of the child’s age and trust phase (acquisition,
loss, and restoration), a repeated measures General Linear
Model (GLM) analysis was carried out. The DV was the
number of trials until children followed their partner (trust
acquisition), stopped following their partner (trust loss), and
again followed their partner (trust restoration) during the TG. To
compare data from the three phases, trust and trust restoration
indexes were reversed to indicate, together with trust loss, a
comparable measure of the tendency to trust. That is, for all
three phases of the TG, greater numbers correspond to a greater
tendency to trust.
Additionally, correlation analyses (Pearson’s r) were carried
out to evaluate the relationship between the tendency to trust
and (1) the quality of attachment relationships (SAT), (2) ToM
(first- and second-order false beliefs tasks), and (3) executive
function skills.
Finally, to assess possible differences in children’s mental states
attribution to the robot with respect to the human partner, a
repeated measures GLM analysis comparing AMS scores between
human and robot was carried out as a function of the children’s
age. For all the GLM analyses, the Greenhouse–Geisser correction
was used for violations of Mauchly’s Test of Sphericity, P < 0.05.
All post hoc comparisons were Bonferroni corrected.

FIGURE 2 | Trust scores for the Trusting Game. Children’s average tendency to trust during the Trusting Game (A) across the three phases of trust (acquisition, loss,
and restoration) and (B) across age groups for the human (HB) and the robot (RB) when controlling for the effect of Theory of Mind. The bars represent the standard
error of the mean. *indicates significant differences.
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A low level of ToM performance (coded 0) included children
who scored 0 (failed) on both tasks, whereas a high level of
performance (coded 1) included children who passed at least one
ToM task at each complexity level. Table 2 reports descriptive
data for the ToM tasks.
All correlations found between the tendency to trust and
ToM scores were negative. Thus, greater ToM abilities were
associated with a lower tendency to trust, i.e. with a more
reflective tendency to trust. This relationship was independent
of the partner’s agency (human or robot) or the child’s age.
The tendency to trust was often significantly correlated with
first-order ToM, which was therefore included as a covariate in
the GLM model described above. Finally, a substantial negative
correlation between the tendency to trust and second-order
ToM was observed during the acquisition of trust for children
aged 7 years when playing with the human. These statistics are
reported in Table 3.

Correlations
Trusting and SAT
As shown in Table 1, most of the significant correlations
between the quality of attachment relationships (SAT) and the
tendency to trust were positive, i.e. more securely attached
children showed a greater tendency to trust in the play
partner’s choice. These relationships were found mainly
when children played with the human, and especially in the
youngest age group. For 3-year-olds, all SAT dimensions
(except for avoidance) correlated positively with a greater
tendency to trust in the human, including during the
trust loss phase. For 7-year-olds, quality of attachment
positively correlated with the tendency to trust during the
trust loss phase.
For 9-year-olds, the results also showed a positive relationship
between trust acquisition and the SAT sub-dimension of
attachment, indicating that more securely attached children
tended to acquire trust quicker. Additionally, among 9year-olds, there was a positive correlation between the
tendency to trust during the trust loss phase and the SAT
sub-dimension of avoidance. This correlation was also
significant across ages.
A positive correlation was finally found between the SAT
sub-dimension of attachment and the tendency to trust in the
robot for 3-year-olds during the restoration of trust phase. No
significant correlations were found for 5-year-olds.

Trusting and Executive Function Skills
Children aged 3 and 5 years were administered the DCCS,
which assesses the capacity to switch between responses
(Zelazo, 2006). The same skill was assessed in 7- and 9year-olds using the “Developmental NEuroPSYchological
Assessment” subtest (NEPSY II; Korkman et al.,
2007). To compare data across age groups, scores
were standardized.
Significant age-related positive relationships were found
between the ability to switch and the tendency to trust during
the restoration phase among 3-year-olds when playing with the
human, r(19) = 0.49, P < 0.05, and among 7-year-olds when
playing with the robot, r(22) = 0.43, P < 0.05.

Trusting and ToM
The scores on the two ToM tasks were merged into one single
score for each level of complexity (first and second order).

TABLE 1 | Association between Trust and SAT.
SAT sub-dimensions
Playing with human
Trust phase

Age group (N)

Attachment

(A)

3 years (17)

0.429

Acquisition

5 years (20)

−0.042

7 years (22)

0.2

9 years (23)
Overall

Attachment

Self-confidence

Avoidance

0.422

0.161

−0.053

−0.205

0.282

0.007

−0.004

0.1

0.008

−0.264

0.302

−0.135

0.063

−0.12

−0.06

0.477*

−0.118

−0.306

0.259

0.412

−0.003

0.056

0.224

−0.059

0.027

0.156

−0.172

0.097

−0.025

0.102

−0.056

0.557*

5 years (20)

−0.195

0.746**
−0.012

0.14

TOT

0.088

3 years (17)

Restoration

TOT

−0.236

Loss

0.606**

Avoidance

−0.227

(B)

(C)

Self-confidence

Playing with robot

−0.132

−0.248

0.579*

0.393

0.353

−0.267

0.272

0.023

−0.095

0.198

−0.025

0.138

−0.014

7 years (22)

0.526*

0.066

0.068

0.412

0.188

0.153

0.247

−0.021

9 years (23)

−0.177

−0.273

0.487*

−0.262

0.048

0.209

−0.106

0.187

Overall

−0.146

0.092

0.218*

−0.14

0.07

0.158

0.052

0.298

0.418

0.039

0.629**

0.459

−0.307

0.48

0.093

−0.147

0.264

0.362

0.079

−0.118

0.33

0.044

0.05

−0.106

0.269

0.22

−0.016

0.139

0.068

−0.188

0.077

0.009

0.005

0.203

0.205

3 years (17)
5 years (20)

0.129

7 years (22)

−0.17

9 years (23)

−0.146

−0.073

Overall

−0.066

0.128

0.05

0.163

0.109
−0.08

0.007

0.084
0.209

Correlations between the tendency to trust during (A) the acquisition, (B) loss, and (C) restoration of trust and the quality of attachment relationships (SAT), sub-dimensions
(attachment, self-confidence, avoidance), as well as total SAT. **Correlation is significant at the level 0.01 (two-tailed). *Correlation is significant at the level 0.05 (two-tailed).
Significant values are in bold.
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TABLE 2 | ToM descriptives.
Age group (years/N)

First-order ToM

Second-order ToM

Low (%)

High (%)

Low (%)

High (%)

3 (22)

68

32

–

–

5 (24)

25

75

50

50

7 (24)*

0

96

20

76

9 (23)

0

100

13

87

Percentage of children in each age group (years) displaying a low or high first and second-order Theory of Mind (ToM). *One missing case.

TABLE 3 | Association between Trust and ToM.
Playing with the human
Trust phase
1 – Acquisition

2 – Loss

Age group (N)
3 years (21)

−0.225

5 years (24)

0.091

Second order

−0.306

0.071

−0.231

−0.501*

9 years (23)

−0.176

Overall (90/69)

−0.315**

3 years (21)

−0.28

−0.235
−

0.079

−0.356

7 years (23)

−0.267

9 years (23)

−0.091

Overall (90/69)

−0.278**

3 years (21)

−0.119

5 years (24)

0.024

−0.244*
−
−0.151

7 years (23)

−
0.029
−0.03

−0.278**
−0.424*
−0.303

−0.066

−0.144
−
−0.285
0.004
0.112

−0.365**
−0.329

−0.09
−
0.058

−0.033

0.317

−0.298
−0.163

Second order

−0.187

0.358

9 years (23)
Overall (91/70)

First order

−

7 years (23)

5 years (24)

3 – Restoration

First order

Playing with the robot

−0.019
−0.219*

0.143

Correlations between the tendency to trust and ToM score. **Correlation is significant at the level 0.01 (two-tailed). *Correlation is significant at the level 0.05 (two-tailed).
First-order ToM had a constant value for age groups 7 and 9 years and correlations could not be calculated. Significant values are in bold.

and imagination were similar for HB and RB among 3- and
5-year-olds, but greater for HB among 7- and 9-year-olds,
P < 0.05. Finally, only 9-year-olds ascribed greater intentions
and desires to HB than RB, Mdiff = 4.00; SE, 0.63; P < 0.001.
These post hoc analyses are summarized in Figure 3. Overall,
these analyses confirm that humans and robots are differentiated
even by 3-year-olds with respect to perception and epistemic
states with that differentiation spreading to all five states
among 9-year-olds.

Attribution of Mental States
A repeated measures GLM analysis comparing AMS scores
between human and robot, with five levels of state (perceptual,
emotions, intentions and desires, imagination, and epistemic)
and two levels of agency (HB and RB) as within-subjects factors,
and age group (four levels) as the between-subjects factor, showed
a main effect of state, F(4, 332) = 71.72, P < 0.001, partialη2 = 0.46, δ = 1, a main effect of agency (HB > RB), F(1,
83) = 82.10, P < 0.001, partial-η2 = 0.50, δ = 1, an interaction
of state × age group, F(12, 332) = 5.18, P < 0.001, partialη2 = 0.16, δ = 1, an interaction of agency × age group, F(3,
83) = 8.66, P < 0.001, partial-η2 = 0.24, δ = 0.99, an interaction
of state × agency, F(12, 332) = 19.99, P < 0.001, partial-η2 = 0.19,
δ = 1, and a three-way interaction between state, agency, and age
group, F(12, 332) = 2.31, P < 0.01, partial-η2 = 0.85, δ = 0.96. This
interaction is represented in Figure 3.
Exploring the three-way interaction, the most consistent
difference was for the attribution of perception (HB > RB), which
was significant for all four age groups, P < 0.01. Attribution
of epistemic states was also greater for HB than RB for all age
groups, P < 0.01, except 5-year-olds, for whom there was a
trend toward significance, P = 0.07. Attributions of emotion
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DISCUSSION
The present study investigated trust dynamics when children
aged 3, 5, 7, and 9 years played a TG in vivo with either a human
or a robot partner. Children’s tendency to trust decreased across
the three phases of the game, from acquisition to restoration of
trust. Also, 3-year-olds displayed a greater tendency to trust in
both play partners compared to the other age groups, although
initially placing their trust more easily in the human than in
the robot. The opposite was observed for the 7-year-olds, who
generally placed more trust in the robot than the human.
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FIGURE 3 | Children’s scores on the Attribution of Mental States (AMS) scale. AMS mean scores for the human (HB = blue bar) and the robot (RB = orange bar) for
each age group (3-, 5-, 7-, and 9-year-olds) as a function of state (Perceptual, Emotions, Intentions and Desires, Imagination, Epistemic). The bars represent the
standard error of the mean. * indicates significant differences.

they are less forgiving than older children (Harris, 2007);
additionally, our findings enrich previous results (Corriveau
and Harris, 2009) by further showing that children who
are securely attached in infancy are more flexible when
investing their trust.
The development of a fundamental cognitive ability makes
a substantial contribution to trust dynamics in child–robot
interaction across all age groups. According to our findings,
the development of ToM appears to temper the relation
between quality of attachment relationships and trust, by
introducing into the trust matrix a mentalistic evaluation of
the other’s judgment based on an awareness of her/his/its
beliefs. More specifically, children who had developed at
least first-order ToM also knew that the other player did
not know the position of the doll, and was therefore an
unreliable informant. Not by chance, the effect of ToM on
trusting behavior was most evident at 3 and 7 years of age,
typically marked by the development of increasingly complex
levels of ToM. When children start developing the concept
of the other’s mind, they are also able to evaluate whether
the other (either a human or a robot) is trustworthy on
the basis of informational access. Preferential trust in either
agent then moderates.

To better understand age changes in trust, the results for
quality of attachment relationships, false belief understanding,
and executive function skills were examined. It has been
previously shown that children aged 3 and 4 years are
likely to endorse information provided by someone who
proved accurate in the past (see also Koenig and Harris,
2005; Pasquini et al., 2007; Harris, 2007). The results for
SAT deepen this observation. Among 3-year-olds, we
found that the SAT sub-dimension of self-confidence was
positively associated with selective trust in the human,
probably because these children’s past relationships were
secure, thus increasing the perception of the unfamiliar
experimenter as trustworthy. On the contrary, the robot was
an entity with which children had never had any relational
experience, further skewing the youngest children’s trust
preference toward the human. Additionally, it was found that
the youngest children – and particularly securely attached
children – showed a tendency to retain trust during the loss
of trust phase, confirming a certain behavioral rigidity as
introduced above. However, when realizing that the other was
no longer trustworthy, they switched to trusting the robot
more. This result supports the observation that when very
young children’s expectations are betrayed (loss of trust),
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the human, they also shifted their trust more rapidly in the trust
restoration phase with the robot. This may be due to the lack of
any affective bond with the robot and to the child’s cool relational
attitude toward it. Effectively, this would render the robot a more
“forgivable” partner.
Also, the development of false belief understanding proved
to play a significant role in the establishment of trusting
relationships. In particular, the development of mentalizing
abilities enabled children to reflect rationally on the fact that
the other player had exactly the same guessing opportunities
as they did, and was therefore as susceptible to making
mistakes as they were. This moderated the effect of the affective
component of trust.
In the present study, the robot proved to be less susceptible
to the dynamics associated with the quality of attachment
relationships, and thus became a more stable trusted partner. For
this reason, and particularly for children with fragile affective
relational histories who have difficulties with trust, the robot
might fulfill a significant scaffolding role in human–human
interaction. However, an evolution of the robot as a social
partner is also to be expected. Therefore, different relational
dynamics may be anticipated, according to which, perhaps, an
affective relation history will be created with this new entity.
In this respect, a longitudinal study would further delineate the
development of trust in the robot increasing the robustness of the
findings. Also, a larger sample size would eventually confirm the
observed tendencies.
Last, but not least, the findings from this study may inform
disciplines such as Developmental Robotics on how cognitive
architectures can be modeled in the robot so as to make it trusting
in the human partner in a “human-like” fashion, as discussed
above. This circular behavior would make the human–robot
relationship increasingly ecological and, ultimately, trustful.
Starting, for example, from the architectural model designed by
Vinanzi et al. (2019), in which the robots’ trust in an informant
varied as a function ToM, the present findings clearly indicate
further psychological factors that may be integrated in the robot
to design the robot’s trust in the human at different developmental
levels. Recent technical and theoretical achievements in the field
of social robotics have encouraged researchers to develop social
robots as tutors and learning companions for children (e.g.
Movellan et al., 2009; Tanaka and Matsuzoe, 2012; Breazeal et al.,
2016). Therefore, studying the mechanisms by which children
learn from robots, and vice versa, is of vital importance.

The dichotomy found between the younger and older age
groups in the AMS to the robot and the human further helps to
delineate the children’s perception of the robot as a mentalistic
agent: For younger children, the robot is perceived as more
mentalistically comparable to the human than for older children.
Nevertheless, when younger children decided to trust a play
partner, the affective component prevailed over the more “cool”
mentalistic component, defining the preferred relational target
accordingly (i.e. the human). On the other hand, the trust
attributed to the robot by older children may stem from the
dominance of a cognitive over an affective engagement.
In support of agent-specific differences in trusting behavior
between 3- and 7-year-olds, the results also revealed a positive
association between the ability to switch and trusting behavior
during the trust restoration phase among children aged 3 and
7 years. Strikingly, and consistent with the data discussed above,
these relations were specific to playing with the human partner
for the 3-year-olds, and to playing with the robot for the 7year-olds. In general, these correlations indicate that a greater
tendency to recover trust in the other is associated with the
development of the ability to switch. The specificity related
to the play partner’s agency further underlines the relevance
of the interactive partner for the child and reflects children’s
engagement with one or the other player: 3-year-olds’ selective
trust in the human was plausibly influenced by the quality
of attachment relationships – as also evidenced by data on
attachment described above; 7-year-olds preferential trust in
the robot was possibly due to an emerging familiarity with
artificial devices typical of this age. These results shed light
on previous findings (Lucas et al., 2013) that showed that,
compared to false belief understanding, executive functions
skills do not play an essential role in building selective trust
in an informant, at least within specific cultural frames. In
our study, we did find that executive function skills played
a role, though not during the phase of trust acquisition,
but rather during trust restoration. Here, the child’s ability
to switch was possibly required to re-organize information
and re-establish trust in an informant that, during the loss
of trus phase, became unreliable. Executive function skills
may then be specifically involved in building trust only
under specific conditions, which had not been empirically
assessed so far.

CONCLUSION, LIMITATIONS, AND
FUTURE DIRECTIONS
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Both prior experience and pedagogical cues modulate Western children’s imitation.
However, these factors have not been systematically explored together within a single
study. This paper explored how these factors individually and together influence imitation
using 4-year-old children born and reared in mainland China (N = 210)—a country that
contains almost one-fifth of the world’s population, and in which childhood imitation is
under-studied using experimental methodology. The behavior of children in this culture
is of special interest to theory because traditional East Asian culture places high value
on conformity and fitting in with the group. Thus, high-fidelity imitation is emphasized
in the local culture. This value, practice, or norm may be recognized by children at a
young age and influence their imitative performance. In this study, we crossed prior
self-experience and pedagogical cues, yielding four demonstration groups in addition
to a control group. This design allowed us to investigate the degree to which Chinese
preschoolers’ imitation was modulated by the two experimental factors. High-fidelity
imitation was significantly modulated by prior self-experience but not by pedagogical
cues, as measured by the number of novel acts imitated and also the serial order
of these acts. This study (i) expands our understanding of factors that modulate
imitation of novel behaviors in preschoolers and (ii) contributes to efforts to broaden
research beyond Western societies to enrich our theories, particularly regarding social
learning and imitation. Imitation is a key mechanism in the acquisition of culturally
appropriate behaviors, mannerisms, and norms but who, what, and when children
imitate is malleable. This study points to both cross-cultural invariants and variations
to provide a fuller picture of the scope and functions of childhood imitation.
Keywords: Chinese culture, imitation, preschool children, social cognition, observational learning, social learning,
novel behaviors, over-imitation

INTRODUCTION
Imitation plays an important role in early social-cognitive development (e.g., Legare, 2017; Meltzoff
and Marshall, 2018; Tomasello, 2019). Preschool children are adept at imitating novel acts that
they see others perform, including using objects in particular ways, moving their bodies, the
serial order in which behaviors are performed, and employing tools (e.g., Want and Harris, 2001;
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which children exhibit imitation of such behaviors even when
they are not necessary for achieving a physical-instrumental
end). In terms of theory, Lyons et al. (2007) originally proposed
that “over-imitation” is a manifestation of an automatic and
compulsory tendency to imitate in the human child. This process
has been dubbed automatic causal encoding (ACE). The ACE
claim is based on the observation that children will over-imitate
despite being capable of identifying and skipping these irrelevant
actions, and even though they will acknowledge that such actions
are unnecessary if asked (Lyons et al., 2011). However, a different
view about over-imitation is that it is an act of social affiliation
between the child and the demonstrator (e.g., Nielsen and Blank,
2011; Over and Carpenter, 2012). A third view is that overimitation is driven by a motivation to adhere to apparent social
norms (Kenward et al., 2011; Kenward, 2012; Keupp et al.,
2013). Within this literature it has also been noted that studies
examining over-imitation often use arbitrary actions with no
obvious cause-effect relation with the outcome (dubbed “causally
opaque”), which may influence copying.
Regardless of these theoretical debates about the meaning
and motivation of “over-imitation,” other researchers, working
from different theoretical orientations have focused on the fact
that young children’s imitation of novel acts is not compulsory
but rather can be highly selective (e.g., DiYanni and Kelemen,
2008; Williamson et al., 2008; Meltzoff and Williamson, 2013; Yu
and Kushnir, 2014). This selectivity has captured the attention
of theorists, because it highlights the agentive, active, and
interpretive aspects of imitation. In one example, Clegg and
Legare (2016) showed that children replicated irrelevant actions
demonstrated as part of making a bead necklace (e.g., using
each bead to touch forehead) only when the task was coupled
with normative framing (e.g., “everyone here always does this”)
but not otherwise. This weighs against automaticity and favors
the selectivity and modulation of the imitation of novel acts.
Similarly, it has been reported that children’s novel- and overimitation is dampened when the demonstrator is absent (Nielsen
and Blank, 2011), is a single peer or a puppet (McGuigan and
Robertson, 2015), does not belong to the same assigned group
as the child (Schleihauf et al., 2019; Wilks et al., 2019), and
is, herself, the target of discrimination or prejudice (Skinner
et al., 2017, 2019). This line of work suggests that children
are not automatically and blindly copying, but rather that
there is agency and selectivity involved. From this perspective,
childhood imitation is more properly thought of as malleable,
modulated, and related to the interpretive context—as an active
choice driven by social-cognitive factors—rather than blind, rote,
and uncontrollable; in other words, “children choose whom,
when, and what to imitate” (Meltzoff et al., 2009, p. 285;
Meltzoff and Marshall, 2018).
Several factors have been postulated to modulate children’s
high-fidelity imitation of novel acts. This paper explores two such
factors in a systematic way in a sample of preschool children born
and raised in China—a culture that contains almost one-fifth
of the world’s population and with socialization practices that
differ in important ways from Western culture. Comprehensive
and generalizable theories of imitation cannot be advanced
without knowing more about imitation among children reared

Carpenter et al., 2002; Nielsen, 2006; Nadel, 2014; Subiaul et al.,
2015; Loucks et al., 2017). This human proclivity to imitate the
specific details of others’ behavior may have played evolutionary
roles in (i) binding early humans to their social groups and (ii)
supporting the diffusion of new instrumental behaviors from one
person to another (e.g., how to create and use a stone tool or
build a fire). In modern humans, imitative learning continues to
play a prominent role in the rapid and flexible transfer of nonlinguistic information from caretakers to children. Meltzoff et al.
(2009) summarized the value of imitation for child learning: It is
faster than Skinnerian shaping and conditioning by caretakers;
safer than trial-and-error learning by the child; and more
responsive to the social-environmental context than children’s
individual invention.
The capacity to imitate novel behavior is especially important
if imitation is to fulfill its theorized role in development. If
children were constrained to duplicating only familiar acts that
they had already mastered before watching the model, imitation
would not enjoy the status it has in theories of developmental
science, pedagogy, and human evolution. If this constraint was
in place, children could not learn new social customs, behaviors,
rituals, or practices from watching others, nor learn how to
use novel tools to achieve instrumental ends. The imitation of
novel acts is a Rosetta stone for investigating the nature and
functional value of imitation in childhood (Meltzoff, 1988b;
Meltzoff and Marshall, 2018).
Imitation is a mechanism for learning new behaviors, but
children do not imitate everything they see all the time. Scientists
have become increasingly interested in the scope of activities that
children duplicate and the factors that modulate the expression
of imitation. For example, there is a distinction made between
re-enacting an outcome achieved by an adult (often dubbed
“emulation”) versus imitating the particular means and specific
acts used to achieve that end (e.g., Tomasello et al., 1993).
In one early investigation, it was shown that 14-month-old
children re-enacted not only outcomes, but also the distinctly
unusual movements and means used by adults. In this study,
Meltzoff (1988a) found that infants would imitate the novel
act of turning on a light panel by tapping it with their
forehead after seeing an adult perform that novel act. Thus,
children imitated the specific act or means demonstrated by
the adult even though it was unusual, not causally necessary,
and unlikely to occur by chance (the head-touch action did not
occur in either of the two control groups tested). Following
this report of imitation of a completely novel act, a large
range of studies, using different procedures and tasks, has
explored children’s proclivity to imitate novelty across different
ages and situations.
One prominent line of work has shown that young children
will duplicate unusual behaviors when these acts are unnecessary,
irrelevant, and even counterproductive for achieving a desirable
physical outcome (e.g., Lyons et al., 2007, 2011; McGuigan et al.,
2007; Nielsen and Tomaselli, 2010; Hoehl et al., 2014). This
tendency has been referred to as “over-imitation” (although
this term itself has been questioned, inasmuch as the word
“over” might be misleading; the research may be thought of as
investigating the imitation of novel acts and the conditions under
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studies, to the best of our knowledge no research to date has
been designed to explore children’s relative weighing of prior
self-experience and pedagogical cues by systematically crossing
these factors within the same study in the same age group. Nor
have the effects of these two factors been systematically studied in
children born and raised outside of traditional Western cultures.
Without this work, generalized inferences for developmental
theory remain somewhat limited.

in this culture. Claims about childhood imitation in general are
incomplete if they do not test or consider imitation in traditional
East Asian cultures such as China. One rationale for the current
work is to broaden our understanding of factors modulating
imitation of novel acts in a non-Western sample. In addition to
age, at least two directly manipulable factors have been proposed
to modulate children’s high-fidelity imitation of novel acts—
one of these focuses on what the child brings to the imitation
situation (aspects of their own experience and agency) and the
other focuses on what the adult brings (aspects of pedagogy).

Rationale and Novelty of the Study
We investigated the role of prior self-experience and pedagogical
cues on children’s high-fidelity imitation of novel acts. Following
the call for scientists to increase the use of participants from
outside of Western, Educated, Industrialized, Rich Democratic
(dubbed WEIRD) societies (Henrich et al., 2010), we tested
preschool children in China—a culture that highlights and
values conformity and duplication of the actions of teachers and
parents. If the role of prior self-experience generalizes beyond
Western cultures, we would predict more high-fidelity imitation
of causally irrelevant, novel acts for children who lacked prior
routines or habits for manipulating these objects. This is based on
the idea that the uncertainty of what to do with the novel object
makes children more attuned to adopting the specific acts and
techniques demonstrated by the adult.
We also examined the degree to which pedagogical cues
affect imitation of novel acts in this same study. This is of
interest because it has been established that most Chinese parents
tend to interact with young children in a “more authoritarian”
manner than do Western parents, expecting more conformity
and obedience to cultural ways of doing things (Chao, 1994;
Chen et al., 2000; Chang et al., 2003; although within-culture
variation certainly also exists, Zhu and Zhang, 2008; Xu et al.,
2014). In general, Chinese parents do not readily provide the
pedagogical cues described in Western samples (e.g., mutual
gaze and parentese) to scaffold and support each step of their
children’s learning. In traditional Chinese culture, parents tend
to teach their children in a more regimented fashion (Chinese
idiom; “bu gou yan xiao,” in English, “not frivolous in talking
and joking”) (Shek, 2002). We hypothesized that although prior
self-experience may play a more culturally invariant role in
modulating children’s imitation (less certainty about what to
do leading to higher reliance on others), pedagogical cues may
have little or no influence on high-fidelity imitation in China,
because children are not socialized to need, value, or expect this
kind of support.
The design of the current study expands the literature in two
ways. One potential contribution is that we systematically crossed
prior self-experience and pedagogical cues in a study of children
in China. To date, only two experimental studies of imitation
have been reported from China (Wang et al., 2015; Li et al., 2019).
In Wang et al.’s (2015) study, the researchers examined whether
children could categorize objects by weight after observing
the adult’s demonstration of such sorting behavior, and the
results showed that 4-year-olds, but not 3-year-olds, imitated
the categorization rule (sort visually identical objects by the
hidden property of weight, which might have been interpreted
by children as a social norm or convention). In Li et al.’s (2019)

Prior Self-Experience
Results from a series of recent studies have suggested that
preschool children’s imitation of novel target acts is influenced
by the children’s own prior self-experience (Williamson et al.,
2008; Williamson and Meltzoff, 2011; Wood et al., 2013;
Schleihauf et al., 2018; see also Nielsen et al., 2012). For
example, in Williamson et al.’s (2008) study, preschool children
were randomly assigned to two prior-experience groups. In
one, children had prior self-experience that the goal was easily
achievable by them; in the other, children had experience that
made the goal difficult to achieve (a trick mechanism made a box
easy/hard to open). Following this self-experience, the children
saw the adult perform an causally unrelated act (e.g., moving
a toggle switch) en route to achieving the goal of opening the
box. Results revealed that children who had prior self-experience
of easily achieving the goal using their own means were less
likely to faithfully imitate the adult’s unusual action. (Children
assigned to having difficulty achieving the goal were more likely
to imitate the unusual action they saw, seemingly motivated to try
something new). The authors theorized that children’s prior selfexperience modulated children’s proclivity to imitate the unusual
acts. The nature of children’s self-experience was postulated to set
up “priors” that influenced children’s imitation.

Pedagogical Cues
A second factor that has been argued to modulate children’s highfidelity imitation of novel acts is pedagogical cues (e.g., adult
initiated mutual eye contact, child-directed speech, Csibra and
Gergely, 2009) that may indicate that the adult is trying to teach
the child (e.g., Nielsen, 2006; Buchsbaum et al., 2011; Király
et al., 2013). For example, Király et al. (2013) replicated Meltzoff’s
(1988a) head-touch study and reported that 14-month-olds copy
the novel, relatively inefficient head-touch act more frequently
after observing a communicative model doing this action
than after incidentally observing a non-communicative model.
The authors proposed that pedagogical cues, such as direct
communication and ostensive signals may support children’s
imitation. Other researchers have downplayed the necessity of
pedagogical cues. In Hoehl et al. (2014) 5-year-olds imitated
causally unnecessary actions both when they were modeled by
a communicative/pedagogical experimenter and when they were
not. In Schmidt et al. (2011), 3-year-olds saw an adult perform a
novel action without producing any ostensive cues, and yet the
children imitated.
Although a number of experiments have documented the
influence of prior experience and/or pedagogical cues in separate
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study, the researchers reported that children imitated an ingroup
model’s approach rather than the more efficient approach
demonstrated by an outgroup model. Thus, although some work
on imitation in China has been reported: (i) no study to date has
examined children’s imitation of novel acts in an over-imitation
test paradigm, and (ii) no study in China has tested the effects of
pedagogical cues and prior self-experience.
Another potential contribution is that we used a broader range
of measures of imitation than have typically been used in studies
of preschool imitation. We measured: (i) the duplication of the
overall outcome or end-state of the adult demonstration, (ii)
high-fidelity imitation of novel target acts performed en route to
achieving this end-state, and (iii) the duplication of the correct
serial order of these novel target acts. These multiple measures
help to illuminate the scope and functions that imitation may
serve in human childhood. For example, if childhood imitation
is a mechanism by which culturally specific rituals and customs
are acquired (e.g., Rossano, 2012; Legare and Nielsen, 2015;
Legare, 2017), children would need to be attentive to and capable
of imitating the serial order of behaviors (Loucks et al., 2017),
because rituals often demand duplicating the order in which
arbitrary acts are performed (e.g., chanting before drinking the
wine). In sum, the results of the current experiment promise to
expand our knowledge about the factors modulating imitation
of novel acts and their serial order in preschoolers beyond those
in Western culture, and thereby enrich our understanding of the
functions, value, and scope of imitation in Homo sapiens.

Object

A Container

Acts
Target acts:
1. lift pink handle
2. press top brown button
3. rotate white side cylinder shape
Outcome act:
4. lift open to retrieve toy inside

B Light

Target acts:
1. remove white cotton cue tip
2. apply index finger to white cap
3. unpeel white Velcro from side
Outcome act:
4. push black button to turn on light

C Canister

Target acts:
1. touch tool to lid
2. move up silver lever on side
3. press white toggle switch on
front
Outcome act:
4. lift open to retrieve toy inside

D Doorbell

Target acts:
1. brush doorbell object with tool
2. squeeze and remove clip
3. press button on right side
Outcome act:
4. push panel to activate doorbell

MATERIALS AND METHODS
Participants

FIGURE 1 | Photographs of the four test objects (A–D), as well as verbal
descriptions of the three novel target acts and the final outcome act for each
object. See Figure 2 for human behaviors.

We tested a large sample of children in China. A total of
210 children ages 4 years (110 males; M age = 51.74 months,
SD = 4.78 months) were recruited for this study. Children were
recruited from a preschool in Xuzhou city, a mid-sized town
in Jiangsu Province in the eastern part of mainland China. All
participants were of Han ethnicity. The study was approved
by the ethics committee of Jiangsu Normal University and the
procedures were carried out in accord with this approval. Written
parental permission for school testing of each child was obtained,
and children received a small reward for their participation
(e.g., stickers).

that allowed us to perform novel acts that the children would
be unlikely to have seen or performed in the past (with the goal
of making them relatively low-baseline acts). For example, we
employed a small brush to stroke a doorbell for no apparent
reason. Figure 1 displays the collection of objects and provides a
description of the target acts. For each object, the experimenter
performed three novel and unnecessary acts (hereafter “target
acts” because these are used to measure the ability to imitate
novelty) before demonstrating a final act that caused the desired
outcome. A video camera was used to record the study for
subsequent scoring.

Test Environment, Design, and Materials
Children were tested individually in a separate room at their
school that contained a small table for the child and experimenter
(a female, native Chinese) to sit at for the test session. Each child
was randomly assigned to one of five independent groups, with
n = 42 children in each group. Within each group, children were
randomly assigned in terms of (i) child’s gender and (ii) order of
the test objects (ABCD, BCDA, CDAB, and DCBA).
Four novel objects were manufactured based on previously
published work (Gonsiorowski et al., 2016). We combined several
elements together to manufacture new objects, with the dual
goals of (i) making the materials look somewhat unfamiliar to
the children to heighten interest and (ii) assembling materials
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Procedure
In the four treatment groups (Groups 1–4), children saw the
adult demonstrations of the three novel target acts and the final
outcome act. To an adult observer, the three target acts were not
causally necessary to achieve the outcome. For example, the adult
demonstrated the novel act of brushing a doorbell with a women’s
makeup-brush (designed to apply powder to the cheeks) prior
to demonstrating the act of ringing the doorbell. We cannot be
sure that the children construed the brushing act as non-causal
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FIGURE 2 | Photographs of the four test objects (shown as the rows A1–D4). Within each row, photos show the three arbitrary target acts (Acts 1–3, in each row)
and the outcome act that leads to a salient outcome (Act 4, in each row). See also Figure 1 and main text for more details.

with pedagogical cues (indicated by “+ped”) and without having
any prior self-experience handling the test object (indicated by
“−prior”). The experimenter smiled and made eye contact with
the child and the tone of voice of the experimenter was warm
and friendly as if “showing” or teaching the action to the child
(pedagogical cues). The experimenter drew the child’s attention
by saying, “Today we are going to play a game. It’s my turn first.
Then it will be your turn.” The experimenter performed the three
novel target acts and then the outcome act of opening the lid to
obtain the toy inside. After the demonstration, the experimenter
removed the object from the children’s view and reset it to the

or irrelevant to doorbell ringing, but it is justifiable to call it
“novel” or arbitrary, because children have not seen someone
brush a doorbell it in the past and have not been trained to
perform this specific act. Each of the three novel target acts
could be executed independently of one another and in any
order, and were not needed to achieve the final outcome act (see
Figure 2 for demonstrated behaviors). For each test object, the
adult demonstrated the three target acts before performing the
final outcome act.
The fifth independent group of children (Group 5) served
as a baseline control in which the children received no adult
demonstration before being presented with the object. This group
assessed the probability that the children in the response period
would spontaneous produce the target or outcome acts, in the
absence of seeing them demonstrated.

TABLE 1 | Description of each of the five groups.
Group

Demonstration

Prior
experience

Pedagogical
cues

n

Demonstration Phase
Table 1 provides an overview of the manipulations used in
each of the five the independent groups used in the experiment.
Procedural details are described below.

(1) Demo(−prior +ped)

+

−

+

42

(2) Demo(−prior −ped)

+

−

−

42

(3) Demo(+prior +ped)

+

+

+

42

Group 1: demo(−prior +ped)

(4) Demo(+prior −ped)

+

+

−

42

Children in this group saw the adult demonstration (indicated
by the word “Demo”). They observed this demonstration along

(5) Control (baseline)

−

−

−

42
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starting state and the children were handed the object for the 30-s
response period (see below). Next, she re-established eye contact
with the child and began a new demonstration with the next
object until she had completed the demonstrations with the four
test objects in one of the randomly assigned orders (e.g., ABCD).

TABLE 2 | Mean (SD) of dependent measures as a function of test group.

Groups

Target acts

Serial order

Outcome act

M

(SD)

M

(SD)

M

(SD)

Demo(−prior +ped)

10.26

(1.59)

3.24

(1.03)

3.33

(1.18)

Group-2: demo(−prior −ped)

Demo(−prior −ped)

9.36

(2.32)

2.98

(1.07)

3.50

(0.74)

The procedure in this group was the same as Group-1,
except that the pedagogical cues were removed. Specifically,
the experimenter did not smile or make eye contact with the
child. When the experimenter said a sentence, the experimenter’s
tone of voice was neutral. During the demonstration, the
experimenter’s eyes remained fixed on the object rather than
making eye contact with the child first.

Demo(+prior +ped)

8.95

(2.91)

2.43

(1.25)

3.60

(1.01)

Demo(+prior −ped)

8.90

(2.06)

2.48

(1.23)

3.67

(0.79)

Baseline control

4.71

(2.28)

0.43

(0.83)

2.62

(1.32)

Demo, adult demonstration; −prior, no prior self-experience; +prior, with prior selfexperience; −ped, no pedagogical cues; +ped, with pedagogical cues.

order (1-2, 2-3, or 1-3). The serial order score was a dichotomous
0 or 1 for each object. If the child copied any correctly ordered
pair of acts (1-2, 2-3, or 1-3) or the entire sequence 1-2-3 for an
object, s/he was scored as a 1. If not, s/he was scored as a 0. Thus,
the total serial order score ranged from 0 to 4 (maximum score of
“1” × 4 objects = 4).

Group-3: demo(+prior +ped)
The procedure was the same as Group-1 except that an initial selfexperience period was added. During the self-experience phase,
children were allowed to play with each object; specifically, the
experimenter placed the object in front of the child and said, “Go
ahead, you play with it first.” The duration of the self-experience
period was a fixed 30 s, electronically timed. After this interval
was complete, the experimenter asked for the object, removed
it from view, and then re-presented it to the physical starting
state was the same as Groups 1 and 2, and said, “Now it is my
turn to play with it, Look.” The remainder of the procedure was
identical to Group-1.

Outcome Act Score
The child received a 1 if he or she reproduced the final outcome
act for each object. Thus, the scores ranged from 0 to 4 (maximum
score of “1” × 4 objects = 4).

Coding Agreement
The primary scorer was a research assistant who remained
uninformed of the participant’s group assignment and the study
hypotheses. A second scorer, also unaware of group assignment,
coded a randomly selected 25% of the participants. Intercoder
agreement was assessed by Cohen’s kappa and was high for all the
dependent measures (target act, k = 0.96; serial order, k = 0.92;
outcome act, k = 0.99).

Group-4: demo(+prior −ped)
The procedure was the same as Group-1 except that the
pedagogical cues were removed, and the prior self-experience
handling the object was added.

Group-5: control (baseline)
The demonstration phase was skipped for children in this group.
They were administered the response period only, as described in
the next section.

RESULTS
Preliminary analyses showed no significant effects of gender or
object presentation order on any of the dependent measures,
and thus the data were collapsed across these factors for
subsequent analyses.
There was strong evidence for imitation. A one-way analysis
of variance (ANOVA) was conducted using each of the
three dependent measures, and the results showed that each
significantly varied as a function of the experimental groups
(Table 2). There was a significant effect for children’s target
act score, F(4,205) = 37.76, p < 0.00001, η2P = 0.65. Follow-up
comparisons (LSD) showed that children in the Demo(−prior
+ped) group (M = 10.26), i.e., children who had no prior
experience, performed significant more target acts than did
children in each of the two groups that had prior experience:
Demo(+ prior +ped), M = 8.95, p = 0.009, and Demo(+prior
−ped), M = 8.90, p = 0.007. Moreover, there was no significant
difference between the two groups with no prior experience:
Demo(−prior +ped), M = 10.26, and Demo(−prior −ped),
M = 9.36, p = 0.069.
There was also a significant effect as a function of group
for children’s serial order score, F(4,205) = 42.82, p < 0.00001,

Response Period
The response period was the identical for all five groups. For
all children, the identical protocol was followed: The adult
simply handed each the object to the child to play with for an
electronically timed 30-s period.

Dependent Measures and Behavioral
Coding
Target Act Score
There were three novel target acts for each object (Figures 1, 2).
Children obtained one point for each target act they performed
on each object during the 30-s response periods. Thus, for
each child, the target act scores ranged from 0 to 12 (4
objects × 3 target acts).

Serial Order Score
The three novel target acts for each object were demonstrated in
a serial order (Act 1 → Act 2 → Act 3). For each object, the child
could copy the three target acts in the full correct order (1-2-3),
or s/he could copy only two of the three target acts in the correct
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η2P = 0.68. Follow-up comparisons showed that children in the
Demo(−prior +ped) group (M = 3.24), i.e., children who had no
prior experience, had significant higher serial order scores than
did children in each of the groups that had prior experience:
Demo(+prior +ped), M = 2.43, p = 0.001, and Demo(+prior
−ped), M = 2.48, p = 0.002. Moreover, there was no significant
difference between the two groups with no prior experience:
Demo(−prior +ped), M = 3.24, and Demo(−prior −ped),
M = 2.98, p = 0.274.
As expected, there was also a significant effect as a function of
group for the outcome act score, F(4,205) = 7.04, p < 0.00003,
η2P = 0.35 with each treatment group (Groups 1–4) having
significantly higher scores than the Control (baseline group),
all ps ≤ 0.001.
To provide a further statistical probe, we also conducted
planned comparisons among the four treatment groups (Groups
1–4) to assess the effects of prior self-experience and pedagogical
cues. A 2(Prior self-experience: yes vs. no) × 2(Pedagogical
cues: yes vs. no) ANOVA was conducted on each dependent
measure. For the target act score, as predicted (Williamson et al.,
2008; Wood et al., 2013), there was a significant main effect of
prior self-experience, F(1,164) = 6.34, p = 0.013, η2P = 0.037:
When children did not have prior self-experience with the
objects (M = 9.81) they produced significantly more of the
novel target acts than when they had prior experience handling
the objects (M = 8.93), (Figure 3). There was no significant
main effect of pedagogical cues, F(1,164) = 1.85, p = 0.175, and
there was no prior experience × pedagogical cues interaction,
F(1,164) = 1.50, p = 0.222.
For the serial order score, there was also a significant main
effect of prior self-experience, F(1,164) = 13.59, p < 0.0004,
η2P = 0.077, showing that children who had no prior selfexperience (M = 3.11) were significantly more likely to imitate
the serial ordering of the behaviors they observed than children
with prior self-experience (M = 2.45) (Figure 3). There was
no significant main effect of pedagogical cues, F(1,164) = 0.36,
p = 0.547, and no prior experience × pedagogical cues
interaction, F(1,164) = 0.76, p = 0.385.
For the outcome act score, there was no significant main
effect of prior self-experience, F(1,164) = 2.15. p = 0.145
(Figure 3), and also no significant main effect of pedagogical cues,
F(1,164) = 0.66, p = 0.417, and no prior experience × pedagogical
cues interaction, F(1,164) = 0.11, p = 0.745. These results are
informative when considered in the context of the larger pattern
of results. More specifically, they show that even though children
re-enacted significantly more of the causal outcome acts when
they saw them modeled in the four Demonstration groups
(Groups 1–4) than they did in the Control (baseline) group
(see Table 2 and statistical results reported above), the children
produced these causal outcome acts regardless of whether or not
they had prior experience or pedagogical cues (possibly because
these acts led to a physical outcome or reward of finding the
toy). However, there was significant modulation of imitation as a
function of prior self-experience for imitation of the non-causal,
novel target acts in the same children in the same experiment.
These novel acts did not have to be performed by the child to
reach the instrumental end of finding the toy.
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DISCUSSION
The current study extends efforts to understand the nature
and scope of imitation in children who are not from Western,
educated, industrialized, rich democratic societies. This effort is
partially motivated by the desire to determine which aspects of
imitation may be more culturally invariant and which are more
variable and dependent on cultural context. A range of topics
within social learning, using different paradigms, have been tested
using non-Western samples (e.g., Itakura et al., 2008; Nielsen
and Tomaselli, 2010; Nielsen et al., 2014; Berl and Hewlett, 2015;
DiYanni et al., 2015; Wang et al., 2015; Clegg and Legare, 2016;
Corriveau et al., 2017; Taniguchi and Sanefuji, 2017; Hoehl et al.,
2019; Li et al., 2019). However, little research has investigated the
imitation of preschool children born and raised within China,
a country that more than 1 billion people (for exceptions see
Wang et al., 2015; Li et al., 2019). Children raised in China
tend to be socialized in ways that are distinct from Western
cultures, and also from many of the non-Western cultures tested
in the studies referred to above. The present work is the first
to systematically test how two prominent factors reported to
modulate imitation in Western children—pedagogical cues and
prior self-experience—influence children’s imitation in China.
One aim of the current study was to investigate whether
preschool Chinese children’s imitation of novel acts varied as a
function prior self-experience. We found that such experience
significantly influenced high-fidelity imitation of specific novel
target acts demonstrated by the adult. These finding are in
line with studies of self-experience involving Western children
(Williamson et al., 2008; Williamson and Meltzoff, 2011; Wood
et al., 2013; Schleihauf et al., 2018).
We offer the speculation, based on these results and extant
theory, that the influence of prior self-experience may be
(relatively) culturally invariant, although more research is needed
across a wider range of cultures. We theorize that invariance
across cultures makes adaptive sense for the prior experience
factor, because it draws on what the child extracts from
manipulating the object on their own—the consequences of selfactions and self-agency, which is part of play behavior across
the world. Through exploring the object themselves, children
often develop their own successful routines, procedures, and
conceptions of how to use the object. In certain contexts this
can diminish the high-fidelity imitation of novel, meaningless,
and irrelevant acts demonstrated by others. This pattern of
findings can be linked to theories of education. Children are
agents who acquire knowledge by self-directed exploration the
physical and social world. The value of young children’s play and
joyful feelings self-agency is often emphasized in early education
(Bruce, 2018; Delafield-Butt, 2018; Trevarthen, 2018). Some
psychologists and educators have suggested that in the preschool
classroom, it is conducive to allow children to become more
active agents by purposely diminishing the adult’s own activity
and authority (Montessori, 1966; Trevarthen et al., 2018). The
power of play for engendering creative interactions with objects
was originally emphasized by Vygotsky (1978) as well as by Piaget
(1952, 1962) who contrasted the child’s drive for exploration
and assimilation (play) with that of accommodation to others
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Non-human primates are capable of duplicating outcomes or
end-states (such as opening a container to retrieve an edible
piece of food, sometimes called “goal emulation”), but they less
readily engage in high-fidelity imitation of the arbitrary novel
acts and mannerisms of a model when they have no physicalcausal significance or rewarding outcomes (Hoehl et al., 2019;
Tomasello, 2019). It has also been reported in children with
autism spectrum disorder (ASD) show more deficits in imitating
of the specific behaviors and arbitrary mannerisms of adult
models than in achieving the demonstrated outcomes or endstates through other means (for a meta-analysis of imitation in
children with ASD see Edwards, 2014; see also Toth et al., 2006;
Nadel, 2014).
The tendency of typically developing human children to
imitate the details of arbitrary novel acts with high fidelity, as
shown in the current study, fits hand-in-glove with the uniquely
human characteristic of diverse and cumulative culture (Legare,
2017; Meltzoff and Marshall, 2018; Tomasello, 2019). Such highfidelity imitation enables children to acquire complex behaviors
that they are unlikely to hit upon by themselves (e.g., Yu and
Kushnir, 2014; Subiaul et al., 2015). Moreover, high-fidelity
imitation of the serial order of novel acts (also documented
here) is especially well-suited for the intergenerational transfer of
culturally specific customs and rituals. To enact rituals, one needs
to do specific behaviors in the right sequence for it to “count.”
In Western cultures, the incantation in church must precede the
sip of wine—not the reverse. Likewise, in a prominent Chinese
Buddhist worship ritual, one chants scriptures, makes a kowtow,
and then inserts the incense into the center of the alter. One does
not insert the incense first and then make a kowtow.
We established that children not only imitated novel, arbitrary
acts, but also that they tended to repeat these acts in the
same serial order in which they witnessed them, and they
exhibited significantly higher levels of such novel imitation when
they did not have prior self-experience with the objects that
would have led them to manipulate the objects in other ways.
Interestingly, “sacred objects” are often kept quarantined and
saved for ritualistic occasions, not usually handled in ways that
conflict with the ritual. In adult rituals (and perhaps to a lesser

(imitation). Ultimately, the engine for human development and
learning is fueled by both play and imitation. Children need
to combine first-person, hands-on experiences (play) and those
experiences gained from third-party observation of the acts of
other people (imitation). Modern, effective preschool education
can strive to foster children’s adaptive ability to integrate these
activities according to the social, emotional, and cognitive goals
and contexts at hand.
Another aim of the current study was to examine the degree to
which Chinese children’s imitation was influenced by pedagogical
cues. Results showed that native Chinese children reproduced
the novel target acts at approximately the same levels regardless
of whether these acts were demonstrated with or without the
support of pedagogical cues. This finding does not fit easily with
the predictions from the theory of natural pedagogy (Gergely
et al., 2007; Csibra and Gergely, 2009). According to this idea, at
least in its strongest form, pedagogical cues indicate to children
that the adult is teaching cultural knowledge about how to use
the object which may engender, or at least enhance high-fidelity
imitation of novel acts. However, native Chinese children did not
respond in a significantly different way to demonstrations with
pedagogical cues versus seeing those same acts demonstrated
without the pedagogical cues. This restricts the scope of theories
about pedagogical cues and suggests they may be more applicable
to children reared in Western rather than traditional Chinese
culture (or perhaps play a greater role in children at a different
age than those tested here). Going one step further, the current
results align well with emerging findings reporting that young
Western children can copy modeled actions when no pedagogical
cues are present (Schmidt et al., 2011; Shimpi et al., 2013; Hoehl
et al., 2014). It is thus possible that pedagogical cues are not
as necessary as a strong view would predict, but may elevate
the expression of imitation in Western children under particular
circumstances. Further research on Western children varying
the age/developmental level and the specific tasks used (Yu and
Kushnir, 2014, 2020) may bring further clarity to these issues, but
they are beyond the scope of the current research.
The proclivity of human children to imitate novel, non-causal,
“meaningless” acts as well as their serial order is noteworthy.

FIGURE 3 | Children’s responses as a function of having or not having prior self-experience for each dependent measure. Error bars show ±1SE. ∗ p < 0.05,
∗∗∗ p < 0.001.
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Third, our inferences are limited to the broad but delimited
set of objects and tasks that we tested. We used a range of
objects (four) and a range of acts (three novel acts plus one goaldirected causal outcome act), but there are many other different
types of demonstrations that are also of interest (e.g., tool
affordances; variations in the causal opacity of the acts; reliability,
trustworthiness, and efficacy of the model; manipulations that
vary the motivation to affiliate with the adult or conform
to cultural norms; demonstrations by ingroup vs. outgroup
models, etc.). We are not making the claim that the factors
explored here are the only factors that modulate preschool
imitation. Further research could be conducted that pits prior
self-experience and pedagogical cues against one or more of
these other foregoing factors, both within and across cultures,
to further examine cultural variations in factors that govern
childhood imitation of novel acts.

extent the novel acts in this study), the “meaning” of the sequence
of witnessed acts does not derive from the fact that they cause
an immediate, physically contingent outcome or reward, but
from the fact that the whole ritual—including the serial order
of the acts (the chanting then the kowtowing then the placing of
incense)—takes on social meaning.
Together, these findings suggest that future theoretical
effort should be devoted to how children learn both the
sociocultural conventional and non-conventional uses of objects
by interweaving their observation of others together with
their own personal history with the objects and actions. One
emerging perspective, dubbed the “socio-materiality” viewpoint
(Iannaccone, 2015) has begun this examine this complex
interaction between people (self/other), objects, and cultural
meanings to assess how they interact in social-cognitive
development. This fundamental issue also animated the work of
Piaget (1962) and Vygotsky (1978) and is increasingly informing
modern perspectives on early education (Master et al., 2017;
Trevarthen et al., 2018).

Broader Theoretical Implications About
Imitation, Culture, Mind
Continued research is warranted on factors that modulate
preschool children’s high-fidelity imitation of novel acts. The
diverse and cumulative aspects of human culture—widely
celebrated by evolutionary biologists and psychologists (e.g.,
Henrich and McElreath, 2003; Legare, 2017; Tomasello, 2019)—
crucially depends on learning novel acts through observation
and imitation from others in the cultural milieu (Meltzoff and
Marshall, 2018). Importantly, young human children can and
do imitate novel acts in situations in which people are not
intentionally teaching them. Imitation is a powerful mechanism
for the intergenerational transfer of behaviors, skills, customs,
and norms, based purely on observation of the acts of others,
even in the absence of those people’s conscious efforts to teach.
Children around the world and in all cultures learn from
observing and imitating others; however, what they imitate, who
they imitate, and when they imitate is malleable. By further
understanding what motivates and modulates imitation, we will
enhance our understanding of mind, culture, and social learning.

Limitations, Future Directions, and
Conclusion
The current study is not without limitations. First, we tested
children using the standard procedure of having the adult
model remain present during the child’s response period. This
is common with studies of 4-year-old children because it is
not so easy to leave them alone and unattended in a room.
It is possible that children in China regard the model as an
authority figure or teacher who they should conform to (her
presence might provide a motivation to perform the act, although
she remained present in all of the groups tested, and thus
the differences between groups cannot be attributed to this).
It would thus be interesting to design future experiments of
prior self-experience and pedagogical cues, while experimentally
manipulating whether the model did or did not remain present
watching the child’s actions (for studies on the role of the presence
of the experimenter, see e.g., Hanna and Meltzoff, 1993; Klein and
Meltzoff, 1999; Repacholi and Meltzoff, 2007; Nielsen and Blank,
2011; Hoehl et al., 2014).
Second, it would be useful to use the identical experimental
procedures in both China and the United States. At present, we
can only draw loose inferences about (Western) pedagogical cues
not having as strong an effect in children born and raised in
China as they do in Western cultures. This is because the various
studies evaluating pedagogical cues in Western cultures have used
different ages, procedures, and/or objects from each other, and
so strict cross-cultural comparisons are difficult. Our primary
aim was to investigate how these factors influence imitation
in China, a country encompassing more than 1 billion people
and of interest to theory because of the value placed on group
cohesion, harmony, and conformity, and a different pattern
of child-rearing practices than Western cultures, which could
influence young children’s social and “other-directed” behavior
(e.g., Barragan et al., 2020). A controlled comparison to Western
samples using this same paradigm and age was beyond the
scope of this paper.
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Although infants’ social gaze has specific communicative functions, it remains unclear
what they are. In this conceptual analysis paper, we provide a theoretical framework
for the study of the functional aspects of eye gaze in early childhood. We argue that
studying the communicative functions of infants’ eye gaze involves three premises: the
centrality of the object, the importance of common ground on object use, and the role
of parental interpretations. The ability to communicate intentionally begins when infants
start referring to external objects. Beyond dyadic – infant–parent – emotional sharing,
infant social gaze within the infant–parent–object triad becomes an increasingly complex
communicative modality. As the predominant type of communicative referents in infancy,
objects are thus central to early communication. Although they have affordances,
objects are used in conventional ways shared between users (i.e., common ground).
Parents transmit to infants the socio-cultural use of objects, which infants progressively
learn and master. Accordingly, we argue that within early triadic interactions, the
communicative function of infants’ eye gaze is shaped by the knowledge that the
infant and the parent share on the socio-cultural use of the referent (i.e., the object).
Importantly, before young children develop their ability to convey clear communicative
functions, including with eye gaze, the interpretations and responses that parents
provide to infants’ early communicative acts play a major role. Relying on these
premises, we argue that when referring to objects for which the infant and the
parent share common ground, the function of the infant’s social gaze becomes
communicatively meaningful for the parent. The knowledge on the communicative
referent (i.e., the object) shared between the infant and the parent thus shapes the
course of communicative behavior, constitutes and reflects the interactive function of
gaze, and cues parents into tailoring their communicative response according to the
infant’s developmental needs. Through this theoretical framework for the study of the
communicative function of infant eye gaze, an emphasis is put on the key role that
socio-materiality plays in early communicative development.
Keywords: eye gaze, communicative function, infancy, parent–child interaction, socio-materiality, object use,
early development
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intent of a request, a command, a promise, or other social
actions. When, by 12 months, children begin to use words
with a referential value, they enter the stage of locutionary acts
(Harding and Golinkoff, 1979).
In studies on early language development, researchers
have primarily focused on perlocutionary and illocutionary
acts. It is through the pioneering work of Elisabeth Bates
on gesture communication that early communication
development shifted from studying the form of acts infants
use to communicate to the function of such communicative acts
(Bates et al., 1975).

INTRODUCTION
As social beings, infants seek social interaction from the very
beginning of life. They produce a myriad of communicative
behaviors – first without intention, then intentionally – in
order to communicate with their social partners (Rochat,
2001). Infants do so in order to express their internal
state, to share emotional experiences, and later on, to
influence their communicative partners. Among the earliest
communicative means infants use is eye gaze (Volkmar and
Mayes, 1990). Progressively, infants come to produce other
(smiles, cries, vocalizations) and more complex (postures,
gestures) communicative means (Adamson, 1996); however,
eye gaze remains a principal component of infants’ earliest
communicative acts. While the question of communicative
intentionality in infancy has been the subject of a longsome
debate, there are different established criteria allowing
characterization of an infant’s communicative bid as intentional.
Importantly, a key criterion for the earliest manifestations
of intentional communication is that an infant’s eye gaze is
oriented toward the communicative partner (Bruner, 1973;
Bates, 1979; Franco and Butterworth, 1996). Despite the
centrality of an infant’s eye gaze in early communication
development, the majority of studies have primarily examined
how eye gaze accompanies other communicative means
(vocalizations, gestures). Thus, to date, it remains unclear what
the communicative functions of infant eye gazing toward a
communicative partner are.

Perlocutionary Acts
In the first few months of life, infants produce a host of behaviors
such as eye gaze, cries, smiles, and vocalizations that, at first, are
not considered as being intentional but which lay the foundations
for the development of communication and language (Adamson,
1996; Rochat, 2001). Infants produce such behaviors in the
presence of another person, usually a parent, and a key feature
of the response of parents is that they treat these behaviors as
intentional and communicatively meaningful (see the concept of
mind-mindedness offered by Meins, 1999). Thus, to a strident
vocalization by a 6-month-old infant, a parent can respond, “You
are not happy, are you?” Here, although it is unclear whether the
infant intended to communicate dissatisfaction, the parent reacts
as if he or she did. Bates et al. (1975) characterized such early
behaviors as perlocutionary communication in that they often
provide an effect on the parent.

Communicative Functions

Illocutionary Acts

Because of our subjective experience and fragmentary knowledge
of the world, communication is ambiguous, imprecise, and
messy (Wittgenstein, 1962). The means that we use to
communicate do not always convey a literal meaning; in
fact, they are essentially equivocal. Linguists have examined
this phenomenon by introducing the term “communicative
act” – namely, the action (or set of actions) that a speaker
accomplishes by producing a communicative bid. The Speech
Act theory (Austin, 1962; Searle, 1969, 1975) supported the
idea that utterances can have different levels of meaning at
which actions are accomplished (Casillas and Hilbrink, 2020).
It thus differentiated three types of acts: perlocutionary acts
as the effect of having made an utterance; illocutionary acts
as the effect on the listener which the speaker intended;
and locutionary acts as the construction of propositions and
uttering sounds.
Developmentally, there is a progression from perlocutionary
to illocutionary and locutionary acts (Bates, 1979). Specifically,
with their earliest communicative acts, it is unclear whether
infants use them intentionally or not. Regardless, parents
readily provide interpretations of the infant’s vocal and
embodied activities as potentially meaningful communicative
acts (perlocutionary acts; Bates, 1976). Around 10 months of age,
infants begin to intentionally use a conventional signal in order
to carry out some socially recognized functions (illocutionary
acts). Through linguistic and/or embodied means (such as
eye gaze, gesture), they start communicating the force or

Although her work spread across a large variety of topics,
Bates’ main contributions related to the illocutionary force of
infants’ early communication. Relying on Searle’s taxonomy
of illocutionary acts (Searle, 1975; Searle and Vanderveken,
1985), Bates and her colleagues focused on performatives (Bates
et al., 1979). Starting from the premise that infants and young
children in the illocutionary stage (as early as 10 months of age)
use non-verbal acts intentionally, two communicative functions
were described: the proto-imperative and proto-declarative ones
(Bates et al., 1975). The proto-imperative function relates to
the child’s intentional use of the listener as an agent or tool
in achieving some end. For example, a child might request
a toy by looking fixedly at the parent’s face while extending
his or her arm toward the toy. The proto-declarative function
relates to the young child’s preverbal effort to direct the parent’s
attention to some event or object in the world. An example
is a child enthusiastic to share his or her interest with his or
her parent by pointing to an interesting event, such as a clown
riding a unicycle.
Beyond presenting perlocutionary and illocutionary acts in
a separate way, it is fundamental to highlight that there is a
clear developmental continuum from the first to the second.
Specifically, it is primarily through the parental responses
to infants’ earliest communicative acts (along with infants’
cognitive capacity for mean–end differentiation, linked to Piaget’s
coordination of the secondary circular reactions substage of the
sensorimotor stage; Dimitrova, 2013) that infants learn that their
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behavior during infancy, it is confined to the expression and
exchange around (mostly negative) emotional states. The second
exception of available studies on the function of gaze relates to
infants’ capacity for gaze following (for an overview, see Flom
et al., 2007). When infants follow the direction of attention of
another person shifting to different features of the environment
(i.e., attention-following) or when infants follow the direction
of attention of another person toward a referent (i.e., referential
gaze following; Scaife and Bruner, 1975; Butterworth and Jarrett,
1991), they gradually learn how another person’s attention can
differ from their own. Although these abilities play a critical role
in social learning, communication, and mental-state inferences
(Argyle and Cook, 1976; Deák et al., 2008; Brooks and Meltzoff,
2014), they relate to an infant’s ability to respond to – but not to
initiate – social interaction.

initial eye gaze, cries, smiles, vocalizations, and such can be
actually used as a means to elicit a response from the parent
(Bornstein et al., 1999).

Communicative Functions of Eye Gaze
In humans, mutual gaze provides a foundation of communication
and social interaction (Kendon, 1967, 1990; Kleinke, 1986;
Csibra and Gergely, 2006; Rossano, 2013). Mutual gaze is an
ostensive signal allowing establishment or re-establishment of
a communicative link between two people (Csibra, 2010). In
adult interaction, Patterson (1983)’s sequential model (1983)
described the different functions of eye gaze including providing
information, regulating interaction, exercising social control, etc.
In infancy, from the first weeks after birth, infants spend a
significant amount of alert time in mutual gaze with a parent, and
the large majority of early interactions are based on an infant’s
interest in faces and mutual gaze (Volkmar, 1987). By 6 months
of age, infants are equally likely to initiate an interaction both by
gazing at their parent as well as by responding to gaze (Kaye and
Fogel, 1980). These early interactions require mutual gaze and
the interpersonal coordination of gaze. However, despite the fact
that gaze is one of the fundamental resources organizing social
interchanges and serves various functions in human interaction,
there is a lack of studies examining when and how infants use eye
gaze in order to communicate.
In the first 2 years of life, gaze serves various functions
including engaging in social-communicative transactions and
conveying non-verbal cues for social interaction (Volkmar and
Mayes, 1990). First, infants are primarily absorbed by dyadic
interactions with a parent. The functions of eye gaze during
the first half of the first year are mainly related to emotional
connectedness and sharing of emotional states. When they
are engaged with a person, infants’ attention seems confined
to the process of interaction itself. Thus, while young infants
participate in finely tuned exchanges of affect, the system of
communication is essentially expressive (Brazelton et al., 1974;
Stem, 1974; Tronick et al., 1979). In the second half of the first
year, infants’ interactions become gradually triadic as objectfocused attention becomes embedded in social contexts (Werner
and Kaplan, 1963; Trevarthen and Hubley, 1978; Bakeman and
Adamson, 1984). Infants begin to switch their gaze back and forth
between caregiver and object (Newson and Newson, 1975). Such
gaze coordination indicates that infants are actively attempting
to share attention to something external to the social interaction,
establishing that object or event as the focus of joint concern
(Murphy and Messer, 1977; Leung and Rheingold, 1981).
There are two notable exceptions of studies examining the
function of eye gaze in early development. The first one includes
the concept of social referencing, namely, situations in which an
infant actively seeks – most commonly by gazing – an adult’s
emotional expression to help interpret an ambiguous situation
(see work on the Still Face procedure; Campos, 1983; Klinnert
et al., 1983). The function of the infant’s eye gaze in social
referencing might be characterized as social signaling, namely,
the infant signals to the parent an emotional distress and seeks for
cues in order to figure out how to act in an uncertain situation.
Thus, while social referencing is a powerful communicative
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Common Ground
How does a communicative partner access the intended
meaning if it is not explicitly encoded in the communicative
act? Since communication takes many forms and is often
expressed indirectly, addressees must either rely on convention
or infer what the speaker means from other available evidence.
Theoretical accounts have pointed out that successful
communication requires that partners share common
ground about the referent in order to mutually access one
another’s intention and thus determine the meaning of a given
communicative act (e.g., Lewis, 1969; Schiffer, 1972; Stalnaker,
1978; Bruner, 1983; Tomasello, 1992, 2003; Clark, 1996).
Common ground is a pool of experiences, knowledge, and
meanings shared between communicative partners.
As Tomasello (2008) puts it, common ground is everything
that we know and we know that we both know, also referred
as third-order mentality. This aspect is particularly important
for successful communication: producing a communicative act
necessitates that one knows that the other will understand him or
her based on the fact that the other knows that they both know
what one means (e.g., I know what “cat” means, I know that you
know what “cat” means, and I expect that you know that I know
what “cat” means). The intention of a produced communicative
act is thus being anchored in a common base of understanding
shared between communicative partners. In social interaction,
the already existing common ground is continuously being
shaped and re-shaped by the participants’ verbal and embodied
activities. Thus, a shared perceptual common ground (Clark,
1996) – including noticeable (visible, hearable, tangible) objects –
emerges in real time and becomes mutually known to the
participants through embodied and/or verbal acts of attentionsharing (Stukenbrock, 2018; Stukenbrock and Dao, 2019).
Concerning the nature of the content at stake, two general
types of common ground about the communicative referent
have been described (Clark, 1996; Tomasello, 2008). The first
type is called perceptual co-presence, and it refers to the shared
knowledge concerning elements from the immediate context
of interaction. For example, when you are looking at a street
performer and a person next to you says “It is amazing,” you
would know what that person refers to and what he or she
means relying on what you were both looking at (i.e., perceptual
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Adamson and Dimitrova, 2014), the production of children’s first
communicative gestures (i.e., pointing, e.g., Tomasello, 2008),
as well as children’s first words (see Golinkoff et al., 1994). As
genuine catalysts of communication between a parent and a child,
objects are central to the early development of communication.
In the theoretical framework that we provide, we argue that
a meaningful analysis of the communicative functions of an
infants’ eye gaze should consider the centrality of objects within
triadic – parent–infant–object – early interactions (first premise).

co-presence). The second type of common ground is called
conceptual common ground and relates to a broader range of
conventions such as norms and values that are shared in a given
culture, society, or group. For example, if a person asks you if
you know what time it is, you know that you are supposed to tell
what time it is (and not merely answer “Yes, I know”) because you
rely on conceptual common ground concerning interpersonal
communication – in this example, formulation of polite requests.
Considering the very first communicative dynamics between
an infant and a parent, it is crucial to understand how infants
come to produce intentional communicative acts. Accordingly,
a main question is how do infants come to share common
ground with parents? Despite the importance of common
ground in communication, little is known about the way
infants construct and share meanings with their communicative
partners. Common ground in infancy has been addressed
empirically in a handful of experimental studies on perceptual
co-presence in early communication (Ganea and Saylor, 2007;
Moll et al., 2008; Liebal et al., 2009). Overall, these studies found
that having previously shared a visual experience with a parent
and a particular object helps infants as young as 14 months
of age to disambiguate a parent’s pointing gestures in order
to respond appropriately. Beyond perceptual co-presence, how
does conceptual knowledge about the object shared between the
young child and the parent shape the function of children’s early
communicative acts?

Importance of Common Ground on Object Use
Objects have specific physical properties, such as size, shape,
weight, color, softness, etc. Manufacturers specify the physical
properties of objects, which provide for a certain amount of
affordances (Gibson, 1979). However, the ways objects are used
depend not only on their physical properties but on cultural
conventions as well (Dimitrova, 2010, 2014). For example, while
chopsticks afford a large number of uses (e.g., drumsticks,
hairstyle accessory, gardening tools), there is a conventional type
of use that is agreed upon and shared culturally. As adults,
we master the conventional uses of everyday objects in our
cultural environment (and we constantly adapt to the uses of
novel objects). Infants, however, do not master such conventions
even for simple objects from their immediate environment. They
begin understanding that objects have specific uses within their
interactions with their parents (Rodríguez and Moro, 1999; Moro
and Rodríguez, 2005). For example, when an infant takes a spoon
and bangs it continuously on a plastic plate, a parent typically
picks it up from the child and shows how it should be used.
Progressively, infants come to master conventional uses, and
therefore, they begin sharing a type of common ground with
others. Empirical evidence suggests that 7-month-old infants
do not use objects according to the conventions of their use
but, rather, perform undifferentiated actions such as banging,
throwing, and mouthing objects (Fenson et al., 1976). Several
months later, by 14 months of age, infants start appreciating
the socio-cultural use of objects when they manipulate objects
(Rodríguez and Moro, 1999; Moro and Rodríguez, 2005).
Previous studies suggest that sharing conceptual common
ground (i.e., how to use objects in conventional ways)
transforms – both quantitatively and qualitatively – the nature
of the communicative interaction between infants and parents,
allowing for important developmental progression. For example,
Dimitrova and Moro (2013) have shown that when infants and
parents share common ground on the conventional use of objects,
parents increase both the amount and the complexity of their
gestures. Specifically, when 8-month-old infants did not show
any mastery of the conventional use of the toys with which they
played during triadic parent–infant–object interactions, parents
produced clear-cut gestures repeatedly while exaggerating their
movement. Later on, by 14 months of age, when children showed
that they were progressively learning the conventional use of toys,
parents started producing more complex gestures with brief and
fast movement, without repeating them.
Evidence suggests that when infants begin sharing common
ground on the communicative referents with their parent,
communication becomes functionally meaningful. In other

Framework for Studying Eye Gaze
Functions
The existing evidence highlights that infants’ gaze toward
a parent is a major meaningful behavior within socialcommunicative interactions. However, to date, it remains unclear
what communicative functions eye gaze serves in the early
stages of development. In this conceptual analysis, we provide a
theoretical framework for the study of the functional aspects of
eye gaze in early childhood. This theoretical framework relies on
three intertwined premises: (1) the centrality of the object, (2) the
importance of common ground on object use, and (3) the role of
parental interpretations.

Centrality of the Object
An essential component of the developmental progression of
infants’ abilities to communicate is the capacity to integrate
an external object or event into the communicative exchange
with another person (i.e., secondary subjectivity, Trevarthen and
Hubley, 1978). It is precisely within such triadic interactions
that infants begin to refer to the external world, primarily by
referring to everyday objects from their immediate environment
(Werner and Kaplan, 1963; Adamson, 1996), in order to convey
requests (mainly regarding objects) or to obtain the parent’s
attention (usually toward objects; Bates et al., 1979). Both
of these performatives are first constructed on the plane of
embodied action, namely, by manipulating objects rather than
by formulating propositions. The centrality of the object has
been emphasized in several processes of language acquisition
and development such as the establishment of reference (e.g.,
Bruner, 1974), sharing joint attention (e.g., Adamson, 1996;
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2. The importance of common ground on object use:
Stemming from the first premise, examining the
communicative function of infants’ eye gaze should
take into consideration the level of common knowledge
shared between the infant and the parent regarding the
socio-cultural conventions of use of the referent of early
communication, namely, the object.
3. The role of parental interpretations: When infants are at
the early stages of their ability to convey communicative
intentions, analysis of the function of infants’ eye gaze
should consider the parental interpretations of the function
of the infant’s gaze.

words, when the infant and the parent share a type of
common knowledge, they become progressively more skilled in
producing and understanding each other’s communicative acts.
Accordingly, in the theoretical framework that we provide, we
argue that studying the communicative functions of infants’
eye gaze should include a consideration of the level of
common ground shared between the parent and the infant
(second premise).

Role of Parental Interpretations
In the study of the functions of young children’s first
communicative gestures, Bates et al. (1975) showed a
developmental progression between perlocutionary and
locutionary acts. Namely, before young children’s ability to
convey a clear communicative function (illocutionary acts),
the study of the function of infants’ early communicative acts
relies on the effect they trigger in the parent (perlocutionary
acts). When parents are sensitive to an infant’s communicative
signals, they interpret them accurately and respond to them
appropriately. Importantly, parental interpretations and
responses help young children discover the contingencies
between their communicative productions and the effect
they elicit on the parent, thus laying the foundations of the
development of communication and language (Bornstein et al.,
1999; Tamis-LeMonda et al., 2001).
There is empirical evidence suggesting that parents interpret
infants’ early gestures based on shared knowledge about referents
(Dimitrova et al., 2015). Studying the developmental progression
of object use and of gesture production in 8- to 16-month-old
infants, the authors found that when – by 14 months of age –
infants started to show a mastery of the conventional use of
objects, parents began to interpret the communicative function
of their infants’ gestures referring to these objects as conveying a
clear communicative function. The authors thus concluded that
the level of common ground about the object shared between the
parent and the infant was associated to the ability of parents to
meaningfully interpret the function of their infant’s gestures.
Given the intrinsic difficulty of accessing the communicative
intention of infants’ earliest communicative acts, analysis of the
communicative function of infants’ eye gaze should consider the
interpretations provided by parents (third premise).

Based on previous studies on the importance of common
ground on objects used for early communication (Dimitrova and
Moro, 2013; Dimitrova et al., 2015), we argue that when infants
and parents start sharing common ground on the conventional
use of the objects/toys, parents become more likely to provide
accurate interpretations of the function of their infants’ eye gaze
behavior. As described in early development, children’s early
communicative acts serve two primary functions: requesting
something from the parent (i.e., proto-imperative) and sharing
attention and interest with the parent (i.e., proto-declarative;
see Bates et al., 1975). In order to study what young children
mean with their eye gaze – and more specifically, how parents
interpret the communicative function of their infants’ eye gaze –
we argue that it is crucial to examine the knowledge parents
and children share about the objects that they refer to in
their communicative interactions. Importantly, the variability in
children’s mastery of the conventional use of objects is likely
related to the variability in communicative functions that parents
attribute to their children’s eye gaze. Namely, when children
are in the process of acquiring the conventional use of objects
(i.e., proto-conventional use), the uncertainty and difficulty that
they display in their object use might cue parents to interpret
children’s eye gaze, either as a request for help or assistance
(i.e., proto-imperative function) or as an invitation to share
attention and interest (i.e., proto-declarative function). However,
when children master the conventional use of objects, the level
of shared common ground should allow parents to interpret
children’s eye gaze as a way to establish joint attention and/or to
seek validation or encouragement.
The theoretical premises provided in this paper are a first
step toward the study of the functional aspects of eye gaze in
early childhood. In order to examine the scientific soundness
of this theoretical framework, empirical data are required. We
recommend that analysis of the function of infants’ eye gaze
rely on naturalistic observations of parent–infant interactions
with objects, where both the infants’ level of mastery of the
socio-cultural uses of objects (i.e., common ground) and the
nature of parental responses to infant eye gaze are assessed. It
is important to highlight that early intentional communication
succeeds generally when different communicative means are
solicited. Despite the fact that we focus on eye gaze, analysis of
the functional aspects of infants’ communication should include
the multimodal means – such as vocalizations, gestures, and

DISCUSSION
In this conceptual paper, we provide a theoretical framework for
the study of the communicative function of infants’ eye gaze.
This theoretical framework relies on the following intertwined
premises:
1. The centrality of the object: Beyond parent–child
interactions in the first months of life when eye gaze
primarily serves to establish connectedness and to share
emotional states, studying the communicative function of
infants’ eye gaze when infants become able to integrate
an external object into their interaction with the parent
requires a consideration of the object.
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body postures – that infants mobilize together with eye gaze
when communicating.
To our knowledge, this conceptual analysis is the first effort to
provide a theoretical framework for the study of the functional
aspects of eye gaze in early childhood. Indeed, despite the
fact that eye gaze is a crucial component of interaction and
communication (Kendon, 1967, 1990; Kleinke, 1986; Csibra and
Gergely, 2006; Rossano, 2013), the communicative functions
of child eye gaze are understudied. While pragmatic accounts
of children’s early communicative development are widespread
in the literature, questions related to the underlying processes
driving the development of children’s abilities to convey different
communicative functions remain understudied. Admittedly,
there are various processes contributing to children’s ability
to communicate their intentions. Nonetheless, relying on the
importance of the shared common knowledge about the main
focus of early parent–child communication – namely, the object –
allows for a framework for understanding how infants develop
their abilities to communicate intentionally.
In this conceptual analysis, we hypothesize that common
ground shared between the parent and the infant about
the use of an object would allow parents to interpret
the function of their infants’ eye gaze as communicatively
meaningful. We argue that the knowledge on the communicative
referent shared between the infant and the parent shapes the
course of communicative behavior, constitutes and reflects the

interactive function of gaze, and cues parents into tailoring their
communicative response according to the infant’s developmental
needs, which in turns feeds back into the infant’s social and
communicative development.
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The 4 P’s creativity model (person, process, press, and product) underlines how
creativity is strongly connected with the materials employed to conceive and realize
a creative outcome. As a multiform construct, it invites a wide variety of approaches
to the study of it. One of the most promising ways to address this issue is to connect
it with cognitive development and related educational pathways, as creativity can be
enhanced and stimulated in every child, leading to an improvement both at personal
and societal level. Even if creativity is recognized and highly valued, there is still a
lack of methods which can stimulate creativity in an effective way. Useful hints may
come from the outstanding contributions of Piaget and Montessori who underlined
that interaction with the physical world is a fundamental building block for cognitive
development. In this paper, starting from these fixed points, we describe some creativity
enhancing methods for children which give importance to the edge between digital and
physical materials. Digital materials open new ways to the use and integration of physical
materials with hybrid platforms which can be used in educational contexts. Together with
this perspective we provide a description of the application of these methodologies to
enhance creativity in children with Autistic Spectrum Disorder.
Keywords: educational materials, creativity, game-based learning, video-modeling, Autis Spectrum Disorder

INTRODUCTION: WHERE CREATIVITY IS
A general definition of creativity describes it as the ability to generate ideas, insights and solutions
that are original, flexible (Amabile, 1996; Sternberg and Lubart, 1996) and effective (Runco and
Jaeger, 2012). A vast body of research has been conducted in this field from different points of
view (psychological, pedagogical, educational, etc.). In brief, creativity can be understood as the
combination of several factors (Treffinger et al., 1983; Houtz and Krug, 1995a,b) of both a cognitive
(primarily related to divergent thinking) and an emotional type (primarily related to creative
personality). On the cognitive side, there is a general convergence on the notion that creative
outputs result from cognitive flexibility (flexible and divergent ways of thinking) and cognitive
persistence (persistent and systematic way of thinking) (see Dietrich and Kanso, 2010). On the
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emotional side, Williams (1994) explored the emotionaldivergent aspect of creativity, identifying the main characteristics
of personality as: (1) curiosity (the capacity to investigate
elements and ideas, finding new and not always direct and
obvious connections); (2) complexity (the tendency to look for
new alternatives and solutions to problems, to restore order
out of chaos); (3) imagination (the ability to visualize mental
images); (4) risk-taking (the inclination to act under unstructured
conditions and to defend one’s own ideas).
Creativity can be also seen as the result of interaction
between the individual, the domain, and the field. For instance,
Rhodes (1961, 1987) developed the 4 P’s model (Figure 1),
which places creativity at the interplay of four distinct strands,
i.e., process (the different stages of a creative activity), person
(the characteristics of individuals), press (the qualities of
the environment where creativity happens), and product (the
tangible or intangible outcomes of the creative process). Rhodes’
classification has become a major framework for the holistic
exploration of creativity.
However, creativity is not only the production of something
new for the entire society (like arts): creativity is often found
in an individual’s everyday activities. In this sense, literature
defines two types of creativity: Creativity and creativity. “Capital
C” creativity brings into existence something genuinely new that
receives social validation (enhances culture) and is related to
an accomplishment that consists of a clear-cut, eminent creative
contribution. “Small C” creativity refers to ideas or products that
are new to the person, but only to the person; it is therefore more
focused on everyday activities, such as those creative actions in
which everyone can be involved every day (Figure 1). Kaufman
and Beghetto (2009) add another 2 Cs to their model, including a
new category, a “little-c” for the little-c category, mini-c (Beghetto
and Kaufman, 2007), which is connected with the learning
process. Mini-c is defined as the novel and personally meaningful
interpretation of experiences, actions, and events (Beghetto and
Kaufman, 2007). Together with Mini-c they introduce Pro-c,
the developmental and effortful progression beyond little-c, not
reaching Big-C status, on professional-level expertise in creative
areas. The 5 A’s framework (Glãveanu, 2013) goes beyond the 4 P’s

model to give a new perspective on creativity: it introduces actor,
action, artifact, audience, and affordances.
Considering these contributions, creativity is a precious
resource for the positive psychological development of all
individuals (with normative and non-normative developmental
trajectories). In these terms, mainly considering the four P’s
model and the Small C description, as shown in Figure 1,
we deal with it.
In the present paper we aim at delineating some methods
that can be applied to stimulate creativity in children with
typical and atypical developmental trajectories, employing both
digital and physical materials and joining the notable advantages
that these kinds of materials can offer. After a description of
the connection between creativity and interaction with physical
materials, we describe an application of this method to a
concrete case of atypical development. In particular we report in
section “Fostering emotion recognition to stimulate creativity by
technology in children with Autistic Spectrum Disorder (ASD)”
an example of how to stimulate creativity by promoting emotion
recognition with digital and physical materials in children with
Autistic Spectrum Disorder (ASD).

Creativity From a Developmental Point of
View
From what we said, it is clear that creativity can also be seen as a
cognitive resource along the “life-span,” starting from childhood.
Indeed, children tend to exhibit a natural disposition toward
creativity and expression; fluency (the ability to generate multiple
ideas) and flexibility develop across adolescence with distinct
trajectories for divergent thinking and insight (Kleibeuker et al.,
2013), explorative thinking characterizes middle adolescence
(Johnson and Wilbrecht, 2011). Moreover children can be
sensitive to creativity outcomes from 3 years of age, which
is quite early (Di Dio et al., 2007), and this sensitivity can
enable them to develop their creative side. In children with
atypical developmental trajectories, creativity can offer support
for adaptive processes (Hetzroni et al., 2019). If not stimulated,
creativity can diminish and follow a negative bending. For
instance, creativity diminishes by 40% between the ages of five
and seven. This is due to the beginning of formal schooling with
its educational rules which may inhibit commitment to creative
thinking and behaviors (Amabile, 1996; McCormick and Plugge,
1997). New research has also led to a new understanding of
the capacity for positive change and creative expression in the
second half of life (Cohen, 2006). In general terms, psychological
literature has highlighted that creativity can be interpreted as
an individual resource, as a potent predictor of social problemsolving and adjustment (Ogoemeka, 2011). In other words,
creative individuals are remarkable for their ability to adapt to
almost any situation and exploit whatever possible to reach their
goals (Csikszentmihalyi, 1996).
The paths to support individual development do not always
consider creativity as a useful resource for well-being, despite
research providing evidence to this effect. The role of creativity
as a resource for individual well-being was identified: creativity
and learning are strictly connected not only during childhood

FIGURE 1 | Two creativity models.
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but also during young adulthood and adulthood (see Gajda et al.,
2017); long-term participation in creative activities has benefits
for middle-aged and older people as they may improve their
adaptation to later life (Adams-Price et al., 2018).
Even if we consider childhood, which is probably the
most studied phase of development for supporting creativity
in learning contexts, there is still a lack of methods for
stimulating creativity in an effective way. In this paper we
describe some methods for enhancing creativity in children
that give importance to the fertile edge between digital and
physical materials.

CREATIVITY AND INTERACTION WITH
THE PHYSICAL WORLD DURING
INDIVIDUAL PSYCHO-SOCIAL
DEVELOPMENT
In order to better understand how technology can be connected
to creativity in a developmental perspective, it is useful to go back
to the contribution of relevant authors in the field who underline
that the interaction with the physical world is fundamental in
structuring cognitive processes.
Children explore the world around them by relying on their
sensorimotor functions: in their infancy (from a few months
to when they enter kindergarten) the hands are the main
channel for acquiring knowledge. Children point, handle, touch,
taste, smell, and manipulate while understanding an object’s
features and functions.
As time goes by, adults do not spend the same amount
of time in pointing, reaching, touching and manipulating, but
the manipulative acts in the physical world become internal
processes, cognitive functions and neural structures: an action is
no more run in the physical world, but is simulated in the virtual
space represented by the mind (Smith and Gasser, 2005).
Even if these functions become virtual, the use of hands and of
the body as a whole remains fundamental: the physical world is
mirrored on the cognitive side and the dynamic interaction at the
edge of physical and cognitive is a resource for various cognitive
processes, including creativity.
Piaget (1952, 1964), whose theorization analyzed in detail
how children develop their cognition, recognizes a fundamental
role for the interaction with the physical universe in shaping
development at a cognitive level. In his well-known definitions
of assimilation and adaptation, what comes from the external
world is important also in terms of physical interaction.
In this perspective, cognitive processes emerge with doing
and interacting.
Vygotsky (1978), on the other hand, underlined the role of
context in shaping learning and development, because, in his
opinion, cognitive development is the result of an interaction
between the child and the social context he/she is immersed
in. The cognitive functions of a growing child are built from
what happens in their social interactions (consider for example
language and thought). Even if for this author the physical world
is shaded, it is anyway out of doubt that social interactions
happen and are mediated by physical interactions, especially
during childhood.
Bruner (1961), in his theory, took some elements from Piaget,
i.e., the learner active involvement and from Vygotsky, i.e., the
importance of social context. Then he formulated an approach
to learning cognitive development which is defined as cultural.
Bruner’s learning theory states that it is a complex activity where
we can recognize three underlying interacting processes: (1)
acquisition of information, (2) transformation of information in
a new form that allows problem solving and (3) checking the
efficacy of this transformation.
Bruner gives central importance to culture and to the active
participation of children for their cognitive development. Bruner

Creativity: How to Stimulate It
The crucial added element in Rhode’s vision is the “press” or the
environment. This dimension focuses on the characteristics of
the environment (social, cultural, and political; Simonton, 1999)
as crucial factors for supporting/hindering creativity. In addition,
Csikszentmihalyi (1996) highlighted some environmental
features which may foster creativity, including training,
expectations, resources, recognition, and some factors which
may hinder creativity, like time pressure, evaluation, lack of
respect, and competition.
For Harris and de Bruin (2018) creativity is “an essential
aspect of teaching and learning that is influencing worldwide
educational policy and teacher practice, shaping the possibilities
of 21st-century learners”1 . Unfortunately, approaches are not
always coordinated with each other and often have characteristics
of extemporaneousness and occasionality. As recent work shows,
there is a strong will to help teachers in enhancing creativity
without the need for special programs or training, encouraging
it during teachers’ regular work (Beghetto, 2013) or their work
associated with the common core (Beghetto et al., 2014; Giglio
and Cruz-Ortiz, 2015). In this sense, Karwowski’s et al. (2015)
words on the relationship between creativity and education
are enlightening:
“Since the beginning of creativity theory, the educational side
of creativity has been at the heart of scholars’ thinking and
research (p. 165). However, to help teachers stimulate creativity
effectively, a better understanding of mechanisms underlying
creativity is necessary (p.166)”.
In the field of education and pedagogy, creativity can be
defined as “purposive imaginative activity generating outcomes
that are original and valuable in relation to the learner” (Cremin
et al., 2013; see also Craft et al., 2014).
We believe also that a thorough reflection on the tools used
in the educational dialogue to stimulate the creative process is
even more necessary because it ties together relational processes,
cognitive processes and the instrument’s own characteristics (in
terms of potential and risks). Physical objects, digital tools,
and “materials” in general thus become our specific object
of investigation. Moreover, thanks to the massive entrance
of technological devices in all aspects of our everyday life,
it is important that the concept of creativity is rethought
considering these elements.
1

https://oxfordre.com/education/view/10.1093/acrefore/9780190264093.001.
0001/acrefore-9780190264093-e-383
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of what has been learnt but also contribute to new acquisition,
because they have the function to communicate to the external
world together with helping to make things clearer and more
understandable for the speaker itself.
In the field of education science, relevant approaches
have been affirmed along the years which hold, at their
core, the importance of child-active involvement. Let us
consider the Montessori (2013) approach, which suggests using
methodologies where children are at the center, acting with
special materials that stimulate child senses, for example, smelling
jars, the broad stair and the pink tower. Children play with
these materials in a way that promote their independence in
learning and their problem-solving ability, together with peer
cooperation. This leads to an active education methodology that
can be fruitfully applied in the acquisition of cognitive and social
skills, including creativity.
In this approach, the hands play a fundamental role. In
Montessori’s (1995) words, hands are instruments of intelligence,
they become an extension of thought and can become a vehicle
to stimulate creativity, confirming what has been said about
Embodied Cognition. In our opinion, the described contributions
underlying the importance of the body in exploring and acquiring
knowledge about the word have important implications in
the field of education and in the development of creativity.
As underlined by Stanciu (2015), the core ideas of embodied
cognition can have a notable effect on the discussion on creativity
in cognitive science, especially in the domain of everyday
creativity, the little-c, but also with the forms which result in
culturally relevant, highly regarded products and artifacts (e.g.,
Kaufman and Beghetto, 2009).
We therefore believe that creativity can be stimulated keeping
in mind the contribution from Embodied Cognition theory,
allowing to exploit the process in which the body and the
environment can shape creativity. Creativity in the Embodied
Cognition framework can help us to understand the impact that
physical and body activities have on creative thinking, also on
typical and atypical development. This means that techniques
based on Embodied Cognition can foster a creative output.
In the next section we will introduce some tools and
methods used to enhance creativity in children, based on the
described theoretical framework. Moreover we will introduce, in
section “Fostering emotion recognition to stimulate creativity by
technology in children with Autistic Spectrum Disorder (ASD)”,
a possible application of the tools and methods used to stimulate
creativity in children with Autistic Spectrum Disorder as reported
in section “Methods to enhance creativity in children: playing
implies learning in a creative way”.

in fact stated that “the active participation in the learning process
by the child might result in the following hypothesized benefits:
an increase in intellectual potency so as to make the acquired
information more readily viable in problem solving, the action of
the learning activities in terms of the intrinsic reward of discovery
itself (as contrasted with the drive-reduction model of learning),
learning the heuristics of discovery, and making material more
readily accessible in memory” (Bruner, 1961, p. 21).
Starting from Bruner, other authors in the cognitive field
have stressed this issue; in their contribution Papert (1980)
and Jonassen (1994) underline the active role of the people
who get to understand their experience by exploiting cultural
tools in a context. In this approach, which has been named
in constructionism, “meaningful learning” (Jonassen et al.,
2008) and “discovery learning” (Papert and Harel, 1991) are
important conceptual contributions and cannot be neglected
when reflecting on creativity and technology.
More recently, the perspective of embodied and situated
cognition (Clark, 1998; Shapiro, 2019) puts the concept of action
at the center together with physical interaction. In embodied
cognition theory, the organism with its sensory and motor
apparatus interacts with the external environment and structures
its cognitive processes through this interaction. This means that
the body, by means of its continuous exchange with the world,
both physical and social, determines how cognition develops. The
motor and the perceptual apparatus allow the constant flow of
information between the internal and external side that sediment
in the cognitive processes.
For the situated learning theories (Clancey, 1995) the
theoretical core is that the subject (who knows) cannot be
considered as different and separated from the object (what is
known). Moreover this process does not happen in a vacuum,
but in a context defined by social constraints (Rambusch, 2006).
Along with this approach, it is important to underline that the
body is a relevant medium of exchange between person and
context. This argument dates back to Piaget.
For Piaget and his seminal theory, the body is the first
instrument, in terms of time and of importance, to get to know
the world. Indeed in his theory, the sensorimotor stage is the
first phase in which children both with typical and atypical
development exploit his/her body to explore the environment.
More recently the contribution by Galperin (1969, 1989) supports
the idea that body is fundamental for mind: the mental objectoriented activity derives from the object-oriented activity which
is run in the physical world, at the beginning. In brief, the
physical manipulation of tangible objects is the starting point of
what is later internalized and becomes human thought. Galperin’s
approach has been considered by the later contribution of
Rambusch and Ziemke (2005) as a bridge, a connection between
situated learning and embodied cognition theories.
Using Rambush and Ziemke words, we can say that “the
embodied cognition is in many aspects a very social process,
and that embodied social process such as mimicry and imitation
are significant for social relations as they help people connect,
making it possible for them to communicate and to understand
each other.” The work of Roth (2002) falls perfectly in this
trace. In fact he showed that gestures are not only a reflection
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METHODS TO ENHANCE CREATIVITY IN
CHILDREN: PLAYING IMPLIES
LEARNING IN A CREATIVE WAY
“We can identify creative processes in children at the very earliest
ages, especially in their play. A child who sits astride a stick and
pretends to be riding a horse; a little girl who plays with a doll
and imagines she is its mother; a boy who in his games becomes
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creativity and customized resources. On the educator side, this
means that they modify their pedagogy and educational models
to make education an active process.
Game-based learning (with digital games) and technologyenhanced learning are two methodological approaches that
strongly rely on digital elements, but they do not neglect physical
materials. In particular there are some technologies that allow the
bridging of these sides (Figure 2).
In this paper we support the use of technological tools in
education, but we should be aware that there is also the danger
of an excessive or distorted use of technology in educational
processes (Desmurget, 2019). In our opinion children should use
technology accompanied by someone (an adult or a peer), which
promotes and frames the process of knowledge building with
technology (Ponticorvo et al., 2018b).
In the next subsection we will introduce some of the processes
that can be employed to integrate physical and digital materials.

a pirate, a soldier, or a sailor, all these children at play represent
examples of the most authentic, truest creativity. (. . .) A child’s
play is not simply a reproduction of what he has experienced,
but a creative reworking of the impressions he has acquired”
(Vygotsky, 1967; Engl. Transl., 2004, p. 11). We can start our
discourse from this relationship between creativity and play
identified by Vygotsky. That is also our argument: stimulating
play can stimulate learning, and both imply creative processes.
More specifically, to learn by exploring reality (objects, rules
and roles, questions, problems) is a process involving curiosity,
flexibility, divergent thinking, and risk-taking, all of which are
creative processes.
During the entire developmental arc, from birth to elder age,
playing a game stimulates the player to start a challenge, either
cognitive (card games, board games, role games) or physical
(competition in sport, dancing, fine manipulative activities). This
challenge leads the player to learn something (or to exercise
already acquired abilities), and so playing a game can be a good
approach to transferring some knowledge or skill at every age
(Dell’Aquila et al., 2016).
What we have said about games in general is also valid for
digital games. These have become very widespread nowadays
and are often used in a game-based learning approach. Indeed
Tobias et al. (2014) in their fundamental review on this issue
have shown that using video and computer games is an effective
way to enhance the cognitive processes underlying learning. This
effectiveness is strengthened if game design and instructional
design are integrated to exploit at the maximum level the
motivating features of games. In fact, games are exceptionally
good at involving people and increasing their motivation to solve
problems, promoting learning (Kapp, 2012).
Along with game-based learning, technology-enhanced
learning (TEL), technology-enabled learning or technologyenhanced education (TEE) are a wide ensemble of educational
methodologies based on digital technologies that give importance
to interactivity in the learning process, active experience and
collaborative knowledge building (Goodyear and Retalis, 2010).
TEL includes Serious games, Augmented Reality, Educational
Robotics and Multiplayer Virtual Worlds, educational
technologies, e-learning, technology-enhanced classrooms,
etc. TEL can be used to design and implement different kinds
of technology-supported learning that is strongly activity-based.
In fact TEL has some relevant features that can be fruitfully
employed to stimulate cognitive processes: interactivity,
collaboration, communication, personalization, etc.
TEL allows children to have more control of their own
cognitive processes, to build up knowledge, and become part
of the teaching process, both individually and as a group.
Indeed collaboration between peers becomes relevant and
can be very well supported in a TEL context. This means
that TEL can lead to really engaging learning experiences
where different tools can be used to build personalized
learning pathways. As children today are more and more
exposed to and attracted by technologies, TEL can exploit this
attractive power.
The introduction of TEL can effectively exploit students’
potential in a tailored scenario, and motivate children through
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Bridging Physical and Digital Materials:
TUI and Smart Objects
In recent years, the progress made in the technological field
has enabled the possibility of more interfaces. Interfaces allow
the joining of two different entities, two separate domains. In
the field of information science and what is interesting for the
present paper, some interfaces are particularly relevant: the TUI,
tangible user interfaces (Blackwell et al., 2007; Ishii, 2008). In this
case what is joined is the edge between the digital and physical
dimensions so as that a user can interact with information
(or data) at the digital level by interacting with the physical
environment—for example manipulating tangible objects at a
cognitive level (which is very relevant), as we have seen in the
previous section.
If we consider the education field, allowing the connection
between physical and digital dimensions offers new opportunities
under the approach of TEL. It is possible, in fact, to integrate
tangible and physical materials traditionally used in education
into a new life in the digital universe. This way educational
materials such as logic blocks, cards, counting chips, rods,
manipulatives in general, etc. (Di Fuccio et al., 2015, 2016;
Ferrara et al., 2016; Ponticorvo et al., 2018a,b, 2019) become
Smart Objects (Kortuem et al., 2009). A Smart Object can
have sensors and processors that, thanks to software, can be in

FIGURE 2 | New approaches to foster creativity.
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et al., 2011; Hoffmann and Russ, 2012). If we consider a nonnormative population, such as children with Autism Spectrum
Disorder, there are some studies that focus on creativity and show
that these children can have a high degree of creativity, together
with some difficulties related to emotional competence.
Recent studies have shown that for people with ASD
video-modeling is particularly effective. Video-modeling is a
methodology, integrated with technology, whose functioning is
based on learning by observation and imitation. This means that
children exposed to video-modeling, starting from the digital
material represented by the video, can reproduce what they see
with their own bodies, acting on the physical side.
Video-modeling, in more detail, consists in the observation
of a video, in which a model shows a target behavior, and the
subsequent imitation of that model. A lot of individuals with
autism benefit from visually cued instructions (Frith, 2003).
Moreover, studies indicated that video-modeling is effective for
learning emotional skills: this methodology can support children
with autism to recognize emotions and to perceive and respond
appropriately to facial expressions (Axe and Evans, 2012; Chen
et al., 2016).
Individuals with ASD often present difficulties in the
expressive behavior of their emotions, especially in modulating
the expression of their face based on the affective state
experienced. The expression of emotions is sometimes
absent, sometimes ambiguous; in addition, individuals
with ASD experience major difficulties in recognizing and
interpreting emotional expressions in others. Difficulties in
emotion expression and recognition can lead to frustration
and dysfunctional behaviors. Furthermore, the poor
understanding of one’s emotional state can influence the
creative capacities of a child.

connection and process information together with other objects
and with the user.
In sum, Smart Objects are computationally enhanced versions
of everyday objects that can also process data, exploit sensors
to get information and affect their environment; moreover
they can be connected one with the other thanks to the
Internet, generating an Internet of Things (IoT). IoT (Li et al.,
2015) and Smart Objects technologies have been introduced in
the educational domain, offering opportunities and challenges
(Domínguez and Ochoa, 2017). Indeed the technological tools
can widen the space and time devoted to education, can
overcome barriers and open new educational pathways, but
this introduction must follow an educational framework that
prevents the drawbacks and threats of technology in education
(Selwyn, 2016; Collins and Halverson, 2018). Using Tangible
User Interfaces (TUI) allows the physical embodiment of digital
information, extending the accessibility of objects in the physical
world (including tangible materials and active surfaces) which
allows the joining together of the digital world and physical
objects (see Figure 2).
TUI, Smart objects, and manipulatives represent the
technological tools and instruments through which it is possible
to put into practice the described approaches of game-based
learning and technology-enhanced learning, based on the
pedagogical approaches that value the active construction of
knowledge and the psychological theories described above
that give importance to active interactions with the physical
world for framing cognition. This is represented in Figure 2,
where it is possible to find a sketch of the connections between
these three elements.
In the next section we will describe the application of
these principles in a case-study where technology is used to
stimulate creativity through its emotional side in a non-verbal
participant with autism.

Method
In this paper we describe a methodological approach to fostering
creativity acting on the emotional side, by video-modeling. The
goal was helping a child with ASD to learn and develop emotional
skills, particularly the communication of their own and others’
emotional states, and to verify if the acquisition of emotion
recognition was useful for fostering creativity in a drawing task.
The chosen methodological design is a multiple baseline across
behaviors, A-B-A type, commonly used in ABA treatments. This
research design A-B-A belongs to the single-case study where
with letter A we intend the baseline condition, whereas the
letter B indicates the treatment condition. With an example:
A is a situation of anxiety; B is the treatment for reducing
anxiety. We identify a real effect of the treatment when the curve
undergoes a significant change. The treatment phase starts when
the behavior is stable. The target behavior is measured during
both phases and results are then compared. Some variants of AB
experimental design can foresee a stricter control on variables
to have stronger conclusions. With ABA (also called reversal
design), in this context, we refer to a research design built on
AB that then integrates a follow-up phase after the treatment that
includes repeated measures (Horner et al., 2005). The participant
was a 6-year-old child with a mild-level condition of Autism
Spectrum Disorder.

FOSTERING EMOTION RECOGNITION
TO STIMULATE CREATIVITY BY
TECHNOLOGY IN CHILDREN WITH
AUTISTIC SPECTRUM DISORDER (ASD)
As hinted at in the introduction, creativity is connected with
the emotional sphere. Emotional competence (Saarni, 1999)
refers to the ability to deal effectively with emotions, in
terms of understanding others’ emotions, expressing appropriate
emotions in a certain context, and regulating them in order to
adapt to specific situations. Positive emotional states can increase
creativity (Fredrickson et al., 2003), leading to the production of
more ideas, even if these ideas aren’t necessarily more original.
Also, negative emotions like sadness, anger, and disappointment
can help the individual to generate more ideas.
Creativity and emotions are strongly connected in children
that have a typical development, as shown by different studies.
Fluidity, an aspect that describes the production of a good
number of ideas, and flexibility, producing original ideas, appear
to have a significant link to emotional competence (Sánchez-Ruiz
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During the intervention, the following target behaviors were
identified:
- To show correctly an emotional state through the change
of face expressions; for emotion facial expression, reference
was made to the theory by Ekman and Friesen (2003), as it
provided useful guidance in experiments on emotion.
- To properly label an emotional state, therefore recognizing
and naming an own emotional state.
- To correctly label an emotional state experienced
by others, therefore recognizing and naming the
emotional state shown by others through facial expression
and vocalization.
The categories of emotions selected for the intervention were
joy, anger and surprise: these emotions can vary in intensity but
are universally recognized and expressed in the same way.
The baseline sessions allowed the tracing of the baseline
for the child, whereas the intervention consisted of a videomodeling session.
Data were collected using the traditional procedure of the
Momentary Time Sample Recording (MTSR) (Powell et al.,
1975) that is to correctly show the emotional state of joy
through the change of the face. MTSR is a data-recording
technique that is usually used when the observed behavior is not
easily quantifiable.

Results
Results indicated that video-modeling was effective for the
acquisition of social and emotional behavior skills in children
with ASD, and this led to an improvement of creativity as shown
in drawing. The task given to the child consists of recognizing the
appropriate emotion and drawing the expression of the mouth
to fit the picture, considering all the elements in the face (eyes,
eyebrows, nose and signs on cheeks).
In fact, as it is possible to observe in Figure 3, compared
with the children’s drawing before and after the video-modeling
intervention, children were able to recognize the emotions and
to reproduce them in a more appropriate and richer way in their
productive drawing.
Figure 3 shows the ability to recognize emotions by the
child with ASD is ameliorated between BEFORE (on the left)
and AFTER (on the right) the treatment with video-modeling.
We can observe that discrimination of emotion is better on
the right, where the drawn mouth is more coherent with
the face elements.
The present study represents a first example of the application
of the core ideas of this paper to stimulate creative processes in
children with atypical developmental trajectories. It has many
limitations that will be overcome with the definition of a research
methodology to be applied to a wider group of participants, and
also to children with typical development.

FIGURE 3 | Drawing by the children before (left) and after (right) the
video-modeling intervention.

during creative processes. In this paper we have tried to
put together these dimensions to propose methodologies
and tools that can be used to stimulate creativity in
children. In particular we have shown that educational
materials that involve both digital and physical materials,
at the edge between these domains, can be particularly
effective in having positive effects on creativity mediated
by cognitive functions and emotional processes: this
happens through the body and the interactions it has with
the physical world.
Moreover, we have introduced some useful indications
deriving from intervention in a non-normative sample, that is
children with ASD. It is also possible to observe in this case that
creativity can be improved by stimulating emotional competence
and this can be done using materials that bridge digital and
physical borders. The reported study is only the starting point
of a validation pathway that will cover research on children
with typical development, adults and elder people. In fact,
these results will be further challenged by widening the sample

DISCUSSION AND CONCLUSION
Creativity has both a cognitive and emotional side and it
is strongly connected with the materials that are employed
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participate in this study was provided by the participants’ legal
guardian/next of kin.

involved in the experiment, proposing more interventions
with different materials and trying this methodology
on other groups in different phases of development. In
particular, as elderly people can benefit from creativity
stimulating intervention, the next step will involve aged
people with and without impairments. The experimental
design will also be enriched so as to study these
wider samples longitudinally and transversally, and
experimental protocols will be introduced to have a stronger
control over variables.
Creativity can be a resource for everyone in every phase of life:
stimulating it with physical and digital materials can be effective.
The present study showed an example of how to follow this route,
which will be further investigated and developed.
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In this case-report we describe an experience where alternative places – rather than
the classroom – are exploited to implement learning processes. We maintain that this
experience is a good example of materiality because it focuses on a project where
students had the opportunity to re-design a public space. To this aim, various objects
and tools are used to support discussions and exchanges with new stakeholders.
Our theoretical vision combines Piaget’s and Vygotsky’s tradition with an innovative
framework called the Trialogical Learning Approach (TLA). From such theoretical
background an idea of materiality emerges, that refers to material in combination with
the social relationships developed around the material. Our case-report concerns a
participatory project run by Rete Dialogues, a national school network focusing on
global citizenship education. Our research question is: how can this project highlight the
connection between the TLA and socio-materiality? Since 2017, around 200 students
(age 7–16) and 20 teachers from different schools have been engaged in tackling the
degradation of an important square in Rome. The project – “Dialogues in the Square”
(DiS) was developed with several stakeholders that contributed to the understanding
of critical issues influencing the maintenance of the square, in the perspective of
planning, and possibly implementing improvements proposed by students. Crucial is the
cooperation with two important urban art projects: (i) the pilot-project MACRO-ASILO,
run by the MACRO museum in Rome and aimed at connecting the world of art with
the city life; (ii) the “building sites” of the Rome Rebirth Forum, inspired by the worldknown artist Michelangelo Pistoletto’s “third paradise” methodology, that encourages
responsibility and action taking on sustainability through art. Drawing on data collected
through direct observations and video recordings, we aim to show and make sense of
the connection between the TLA and socio-materiality, highlighting three key elements:
the flexible use of mediation tools, the overcoming of the dichotomy between individual
and collective learning through reflection, and the re-shaping of social practices.
Keywords: sociomateriality, urban space, global citizenship education, dialogue, sustainable development goals,
Trialogical Learning Approach
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(i) a “monologic” vision of learning, focused on individual
increments of knowledge; (ii) the dialogic viewpoint that stresses
the relevance of dialogue and encounters of different perspectives;
and (iii) the intentional processes involved in the production
of collaborative artifacts, connoted by a real meaning and
utility. This approach responds to the demands of training
competences for the twenty-first century, such as the skill to work
with knowledge and to contribute actively to the development
of modern society (Karlgren et al., 2020). Furthermore, it
capitalizes on insights coming from the socio-constructivism
and the cultural approach by giving relevance to context and
situated dynamics.
The TLA calls for the construction of the so-called trialogical
objects. These objects are addressed to a community that
is different from the one in which they are built. To have
recipients from another community gives sense to confrontation,
contamination of practices, and ways of thinking. Therefore,
learners become professionals of knowledge building, capable
of creating valuable material objects containing knowledge,
which can then be exploited outside school or academic
contexts. When objects are used in concrete situations, they
create further knowledge through processes of confrontation,
generation of ideas, and creativity. Learning becomes a strategy
to solve emerging problems and to constantly seek new
and innovative ideas. Environments intentionally designed for
knowledge innovation, equipped with technological tools, are
needed to transform students’ intangible ideas into digital entities
(Hakkarainen, 2009).
Within the traditional TLA framework, materiality is still
underdeveloped. The focus on building objects that embody
conceptual knowledge and shared ideas and the relevance of
tools as instruments that foster cognitive and social processes
and support the construction of objects are hints of an implicit
materiality or rather socio-materiality. Illuminating is Latour’s
(2005), challenge (2005) when he asks the reader to define a
soldier. Through this simple thought experiment, he concludes
that there are no soldiers without their uniforms and arms. They
co-constitute each other and determine their relationship by
identifying the formation they belong to.
Sørensen (2009) uses the term materiality to refer to both
the material and the social relationships developed around the
material. This definition is particularly helpful when objects
are digital. Johri (2011) proposes “socio-materiality as a key
theoretical perspective that can be leveraged to advance research,
design and use of learning technologies in the practice tradition”
(p. 210). The use of technology makes it clear that learning is
both inherently material and social or socio-material (Orlikowski
and Scott, 2008). When talking about digital environments and
tools, the inseparability of material and social elements is essential
(Barad, 2003; Barzanò and Grimaldi, 2013).
The theoretical concept of materiality is operationalized in
different pedagogically oriented strategies such as Object-Based
Learning. For example, Mayorga (2019) reports that while
handling museum Objects, primary school students start to think
differently and to reinterpret the cultural artifacts. Mirza (2016)
observes that the material dimension assumes the function of
a medium through which primary school children project their

INTRODUCTION
The way students learn is still attracting theoretical and practical
attention. New definitions of learning and teaching are sought.
Academics and experts are now focusing their research on
several dimensions previously neglected or misunderstood, such
as creativity, collaboration, action competency, communication
competency, and space–time relevance (Bellanca, 2010;
Hallgarten et al., 2015; Kober, 2015; Nielsen, 2015; Ritella
et al., 2016). Traditional learning does not appear to be able to
target these dimensions; therefore, a fresh look at educational
practices is needed. After having discussed the theoretical
underpinnings of our approach, this paper describes a project
where materiality is introduced as the empowering dimension
that supports the transaction between different learning contexts.
We focus on some aspects of the learning processes that have
occurred in one of the sessions within our project. Our intent is to
make sense of the impact of materiality from two complementary
perspectives: the materiality of the learning object (a square in
Rome, Piazza Annibaliano) and the materiality of the working
environment (a particular room in a modern art museum in
Rome, the “words room,” set up for the MACRO-ASILO project).

THEORETICAL BACKGROUND
Where do children learn about the world? How do students
form their own ideas? The literature offers a number of answers
to these questions, determining both the theoretical vision of
how cognition works and the ideal practical setting for effective
learning processes. For decades, theories about these topics
have assumed the form of a contraposition/polarity between a
Piagetian-based and a Vygotskian-based approach.
According to Piaget, knowledge resides in objects, and
children retrieve information by manipulating them (Piaget
and Inhelder, 1967). It is by querying the elements composing
the context in which children are immersed and by making
hypotheses about how objects will react to actions performed
“on” them that they gather information about the world (Spelke,
1991), whereas for Vygotskij (1978), the main source of learning
is social interaction. It is by observing and imitating adults and,
later, by engaging collaboratively in joint actions that children
learn and make sense of the world around them. Objects are
important, but they become sources of information through
social interactions, first based on adult imitation and later by
appropriating and internalizing the actions observed.
An attempt to reconcile these two approaches into a wider
vision has been offered by frameworks such as situated learning
(Anderson et al., 1996; Cobb and Bowers, 1999), Activity Theory
(Engeström, 1999), socio-constructivism and cultural psychology
(Bruner, 1996; Cole, 1998), and most recently, the Trialogical
Learning Approach (TLA) (Paavola and Hakkarainen, 2014;
Sansone et al., 2016).
All these approaches share the idea of learning as a complex
process that interests the individual sphere, as well as group work,
and is influenced by the context and the instruments/tools used.
In particular, the TLA integrates three different perspectives:
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an ongoing initiative promoted by the world-renowned artist
Michelangelo Pistoletto to enact his idea of the “third paradise,”1
involving artists and social actors to develop and spread a deeper
awareness on sustainability issues. The DiS project became an
active member of the forum and benefited from the opportunity
to invite several artists to cooperate.
Several sessions took place in the “words room,” where
different classes worked with/on the blackboard to accomplish
“planning activities” concerning Piazza Annibaliano. Students
sketched their proposals after lively discussions with
artists/experts. Each session was public, had a title, was
scheduled ahead, and was published in the museum’s catalog:
invited guests and occasional visitors were welcome, allowing
students to share and discuss their performance with various
audiences (see a detailed visual presentation of the full project in
the Supplementary Material).
In the next paragraph, we will describe the setting, the available
equipment, and how tools became partners of students’ cognitive
and social processes.

own emotions or those of another person or convey information
and contribute to knowledge construction.
Thus, materiality is not just a matter of adding a new
dimension; it means highlighting the relevance of considering
“things” as real partners of cognitive and social processes, as
elements containing knowledge and supporting the generation
of new knowledge. This knowledge is not simply acquired by
touching, manipulating, or experimenting with “things”; rather,
it is defined through social actions, cultural processes of sensemaking, and intersubjective construction of mutual exchange of
values about the objects. Where and with what this is occurring
matters because it contributes to shaping these processes.

THE CASE STUDY
The case study presented here aims at providing empirical
evidence of the role of socio-materiality in shaping learning
processes. We also highlight how the TLA helps to emphasize
the socio-material dimension, crossing the boundaries between
formal (classroom) and informal (museum, the square) learning
spaces. This will allow us to answer our research question: how
can this project highlight the connection between the TLA and
socio-materiality?
The session we analyze has been developed within a project
called Dialogues in the Square (DiS). Started in 2017 – and still
active – it has involved over 200 students from primary school
(age 7) to upper-secondary school (age 16) and 20 teachers,
in two schools situated in central Rome: Istituto Comprensivo
Settembrini and Liceo Machiavelli. Within a framework of
activities targeting global citizenship education (Reimers, 2009;
Sobe, 2012; Reimers et al., 2016) and sustainable development
goals run by a national school network (retedialogues.it), students
started brainstorming about their environment, focusing on
the needs of a nearby well-known square in Rome: Piazza
Annibaliano. This important space, recently restored (2014),
was soon left in a dangerous abandonment. A new metro
station, situated in a context of ancient monuments, is now
surrounded by litter and unfinished flowerbeds, left uncultivated.
Students were encouraged to observe the square and engage in
planning its regeneration: their plans are conceived as trialogical
objects, i.e., knowledge that they create addressing communities
external to the school. Moreover, negotiations were started
with the municipality to have their support, resulting in a
formal memorandum of understanding (MOU) with the schools.
Artists/experts in various fields were involved to help students
figure out suitable actions to undertake to improve the state of
the square, eliciting its potential as a social and artistic site.
In 2019, an important opportunity arose: a well-known
museum of modern art – MACRO, not far from the schools and
the square – launched its pilot project MACRO-ASILO aimed at
promoting the connection between citizens and art and making
its spaces available to artists or citizens with ideas to present.
In particular, the MACRO’s “words room” appeared to be the
ideal venue to work on the DiS project. This is a classroomstyle room equipped with rolling chairs and tables and with
an enormous traditional blackboard, measuring 22 × 3 m. The
museum also became the venue of the Rome Rebirth Forum,
Frontiers in Psychology | www.frontiersin.org

A New Learning Space: Getting Into the
MACRO Museum “Words Room”
In this section, we analyze one particular event taking place
in the MACRO museum’s “words room,” focusing on the
learning environment, the materials used, and their impact on
participants’ reactions and interactions undertaking the task. In
this session, a single class is involved, composed of 27 pupils
aged 12 (grade seven, 15 girls, 12 boys) from mixed socioeconomic backgrounds. They are familiar with the square, as they
all live nearby. The class is very active within the DiS project;
nevertheless, it is their first time in the MACRO museum. The
session is observed and videotaped: our data consist of extracts
from students’ dialogues as well as “thick descriptions” (Denzin,
2001) elaborated by the external observer.
It is 7 February 2019, from 10.30 to 13.30, when our class
goes to the museum with their art and technology teachers
to meet Rachid Benhadj, a leading Italo-Algerian film director
particularly interested in diversity and intercultural dialogue (see
Figure 1). The students know him, having watched one of his
videos. As is the case for artists/experts in other sessions, he
was invited to support students’ creative process of elaborating
the idea of the “square” as a venue for proposals and new
atmospheres that can add value and expand the possibilities of
inhabitants and visitors.
In a preliminary meeting in the museum hall, five teams
(four or five students each) are formed, following the teachers’
suggestions. Benhadj presents his proposal to the students:
“Think deeply of Piazza Annibaliano, figure out new settings,
and portray them following the wave of your dreams: how would
you like the square and why, pushing your imagination as far as
possible. . .” Students are, therefore, invited to elaborate the idea
of the “square” representing their ideals, without worrying about
feasibility at this stage. With this task in mind, they enter the
“words room,” and it is clear how impressed they are from the
beginning by its lights, the arrangement of the rolling furniture,
and the giant blackboard. A connection between thinking/doing
1
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The “genius loci” of the room lies in the alteration of the
dimensions of traditional tools used in the classroom. This setting
ends up disregarding a consolidated stereotype: the blackboard is
by definition an “exclusive” place generating a markedly vertical
relationship. It is used by a single person – or a few – who
is expected to report something to an audience to whom the
back is turned. Here the blackboard is “open to all”: the teams
work horizontally and simultaneously, observing one another’s
work and sharing ideas. Apparently, the confusion is remarkable,
but the works develop efficiently; students’ active engagement is
visible. Someone moves his or her chair near the blackboard,
others use the ladder available in the room, and someone else
even sits on the shoulders of a friend to use the space at the top of
the board. Others shoot videos or take pictures.
Even the colored chalks become important actors, with
their immediate but fragile effectiveness enabling creativity (see
Figure 3). Paradoxically, the awareness that whatever was created
can disappear with just a few passes of the eraser pushes students
to refine their work: “to take pictures before it disappears,” as a
student clarifies.
What has been described so far provides first evidence of how
the TLA could enhance the socio-material dimension of learning.
This approach emphasizes the flexible use of technologies
and mediation tools. Depending on what students want to
achieve – create, store, transform – they move from using their
smartphones to using chalks, always as a tool to shape their ideas
and to “materialize” them.

FIGURE 1 | Film director Rachid Benhadj introducing the exercise to the
students. Images © Martina Pavia, graduating student at Academy of Arts
and New Technologies, Rome, Italy.

is thus made evident, and students are encouraged to go back
and forward from immateriality to materiality – as we will see
in the next paragraph.

At Work: Flexible Use of Mediation Tools
Benhadj sketches a quick map of Piazza Annibaliano and
surrounding streets at the center of the blackboard and better
clarifies the expected delivery: paper-and-pencil sketches to start,
and then the teams will move to the blackboard to represent their
project with colored chalks.
Now that the task is clear, students start working on white
sheets. Talking becomes intense, ideas are shared, and sketches
circulate within/between teams. Technology comes into play
naturally; no need for adults to suggest it. For instance, phones
become cameras to store pictures that make possible comparisons
and overviews crucial to inspire the work on the blackboard.
Finally, about 45 min after starting, the five teams position
themselves around the map sketched by Benhadj, easily defining
their action space on the blackboard (see Figure 2).

Reflecting on the Work
In about one hour, the blackboard is lively, full of shapes,
colors, and writings, and the time comes for a collective report
(see Figure 4). Benhadj poses two questions: “What have you
done, can you tell us?” And then: “Were there emotions in
this work? What touched you the most?” Each team gets ready
for their presentation, while someone enjoys looking at their
work from a distance, video-recording a full overview of the
blackboard. The teams “walk” along the blackboard, stopping
in front of each drawing to deliver the presentations: students
naturally swing from the role of presenters to that of audience.
Feedback is intense.

FIGURE 2 | Students sketch their ideas for the square. Images © Martina
Pavia, graduating student at Academy of Arts and New Technologies, Rome,
Italy.
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FIGURE 3 | Chalks acted as an enabler of creativity. Images © Martina Pavia,
graduating student at Academy of Arts and New Technologies, Rome, Italy.
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construction of collective products that “embody” the shared
enterprise. Our students are involved in such creative processes;
therefore, their individual contributions are intertwined in
social processes.

A Critical Incident: Re-shaping Social
Practices
In the “words room” session, several “critical incidents” occurred,
in the sense indicated by Tripp (1993, 2006): events that produce
new interpretations and allow their significance to be unraveled.
We focus on an emblematic example: the case of Marco, a clever
but difficult student from team 2. When students are invited
to stop drawing, Marco furtively takes a chalk, quickly sketches
a little circle under his team’s drawing, and writes something
inside it, confusedly. He looks around with a somewhat guilty
expression, almost waiting for a reproach for not putting aside
the chalk. One of the teachers asks him: “What were you in such
a hurry to write?” Surprised by this attention, lacking any punitive
intention, he replies: “I wrote: this is for you from us.”
Marco feels entitled to act, breaking the order given (putting
aside the chalk), probably because of the new setting. The large
blackboard is a material space inviting to be filled. Even the
teacher reacts in an unexpected way: she asks for the reason of
such behavior instead of reproaching Marco. The setting elicited
new social practices from both the teacher and the student,
allowing the discovery of Marco’s awareness of having achieved
something that deserves to be offered to others. Both teachers are
astonished at the involvement transpiring from the words of this
challenging student.
The TLA posits that by solving complex, “authentic,” and
challenging problems, social practices are re-negotiated based on
the contamination offered by entering new settings and using
flexible tools. This is exactly what happened in our case. This
experience created the space for new ways of interacting, for both
teachers and students. Crossing boundaries between settings –
school and museum – represents a crucial experience to review
the practices supporting the creation of objects, such as how to
react when a student does not follow the teacher’s indications.

FIGURE 4 | Students using the full length and height of the blackboard.
Images © Martina Pavia, graduating student at Academy of Arts and New
Technologies, Rome, Italy.

Proposals are detailed, rich in inventions and strategies. They
include: architectural and decorative elements, green spaces, and
many solutions about how to make them work. Director Benhadj
is very pleased; he listens carefully and interacts with students,
to their great satisfaction. For example, project 3 presents a wall
specifically created to welcome graffiti artists. Next to the sketch,
some guidelines appear on how to organize periodical cleaning,
to allow for writers’ rotation. In project 4, the main attraction is
an artificial tree, a sort of sculpture, with a central clock and four
branches, each colored with seasonal vegetation, indicating four
different paths corresponding to the seasons and their emotional
atmospheres. Luca2 – a student from team 4 – explains: “If you
feel sad, maybe for a bad mark at school, you can walk the winter
path; but if you are happy, you go for the spring one!”
When the time comes to answer director Benhadj’s second
question about emotions and surprises, excitement increases:
nobody wants to give up telling their experiences. Keywords
in the narratives are: expectations, satisfaction, freedom, and
team work. Several students underline how they did not expect
to experience such intense satisfaction in working together.
Pointing to their drawing, visibly excited, Carla from team 3,
claims: “I didn’t imagine we could do something like this. . . now
I see it! I think it’s very original.”
The blackboard with its significant size has made everyone’s
work visible in real time: a multiplier of satisfaction, creating
opportunities for feedback, expanding the meaning of
“audience.” The idea of satisfaction is expressed by students in
many ways: “to see what you just did and realize that everybody
looks at it” (Luisa), “to know that before there was nothing and
now. . . look here!” (Angela), “to understand that maybe we will
be able to change something with our drawings” (Oscar), “to
work so freely in cooperation and share the product” (Eleonora).
More than just simple satisfaction for the work done
emerges here. Students overcome the dichotomy between
individual and collective approaches to learning, clearly
showing the contribution of the TLA to socio-materiality.
Productive participation in knowledge creation processes
needs the transformation of personal contributions toward the
2

DISCUSSION AND FINAL REMARKS
In this research, we have tried to explore how learning and
teaching change when located in an alternative place. Our
theoretical lens, in particular the TLA approach, allows us to
understand the learning context as a triadic relationship between
learners, teachers, and objects. Since the relationship between
socio-materiality and the TLA needs to be further explored, we
have provided some empirical evidence of their connections.
Indeed, the MACRO-ASILO’s “words room” has proved to be a
rich space, creatively challenging students and putting teachers
and students in a novel situation. A typical school setting, which
traditionally enhances top–down interactions, has now become
a space for all through the huge blackboard, where unexpected
processes occur and productivity flourishes, creating an impact
on students’ ideational processes and their performance. Students
have explored all of its potential, positioning themselves – both
physically and cognitively – in different ways to draw, discuss,

Student names have been changed to protect their privacy.
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and observe, making their emotions more alive. As shown
elsewhere (Cattaruzza et al., 2019), the space with its objects
becomes part of the interactive actions. All participants, including
non-traditional school actors – director Benhadj in our case –
form a virtuous triangulation, where each element enriches the
other. In this sense, the contraposition between Piaget and
Vygotskij is overcome: knowledge into the objects and knowledge
possessed by human actors compose a complex polyphony, made
by many types of “voices” and different rhythms (Bakhtin, 1981).
Even research conducted in non-school contexts
(Kumpulainen et al., 2014; Rajala and Akkerman, 2019;
Yrjönsuuri et al., 2019) has shown how objects participate actively
in shaping the learning process. Similarly, we found that students’
engagement improves greatly, and it goes beyond learning
concepts so that collaborative and creative knowledge building
is possible. When students are challenged to produce useful
objects for a large community, they feel part of this community –
becoming active citizens – and feel entitled to improve it.
Using a large blackboard and moving furniture, students
have had the chance to work together, experiencing their
mutual influence and the impact of cooperation in real
time, together with a sense of self-efficacy (Bandura, 2010).
Learning is now not only connected to the possibility to build
knowledge, but it emerges from the deep engagement elicited
in the continuous shift from presenters to audience: question–
answer processes were intense, and new interpretations of
traditional solutions arose, encouraging creative developments.
The triangulation learners–teachers/expert–object was activated
by the new “place” where objects composing the setting
(the blackboard, the chalk, the cameras, and the other
technological means) functioned as mediators to build a
new common object: the imagined square. Moreover, the
meaning of the various dimensions tackled by the project
was exploited, and the museum has offered a place where
learning means “giving body” to ideas, concepts, and
social interactions.
We witnessed how materiality implies also the
interconnection between different time–space levels. One level
is the local context in which students are working, in our case,
the museum. The other levels concern the contexts evoked;
one could be the physical square visited and studied by the
students and/or the imagined square they were planning.
Another level pertains to the classroom, where a large part of
the preparatory work was done.

As Säljö (2019) contends, instruments are tools meant not
only to build objects but also to think with and through them.
So, the target object – the square in our case – becomes an
additional material object to reach new cognitive levels where
many points of view may interweave. This leads to further levels,
which in our case concern the symbolic value attached to the
object. These values are constructed through various discourses
and representations of the object. The square, therefore, becomes
an agora to think, a space to meet, a venue for art, a central hub
for business, and a destination and point of departure.
In conclusion, in this experience, learning is a process that
is deeply affected by the space and place in which it occurs
and by the materials available. Such materiality has a multi-level
dimension where each level enriches the other and all together
influence the learning outcomes.
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In recent years, the socio-material perspective has informed an important
interdisciplinary debate concerning the role of the physical world (i.e., the objects)
in human psychological development. Several studies in the field of developmental
psychology showed positive achievements in explaining the relationship between the
subject and the social context through a socio-material approach, in particular in the
early development. The importance of objects was also recognized in children with
autism spectrum disorder (ASD), showing that these children are characterized by
alterations in the use of the objects from early development. Some studies highlighted
that objects could be a facilitator in the interactions between children with ASD and
peers. However, the role of objects was not sufficiently investigated in interactions
between children with ASD and adults. The main purpose of the present study was
to investigate in children with ASD the communicative function that the activities with
objects assume in the interactions with adults, highlighting the mediator role of objects
in these interactions. More generally, this study also aims to highlight the relevance
of adopting a socio-material perspective to explore some neglected aspects of the
psychological activity of children with ASD. To test this hypothesis, we conducted an
extensive exploratory study, collecting data from a sample of 3-year-old (N = 18; F = 3)
and 4-year-old (N = 26; F = 3) with ASD. Children were observed in a free-play situation
with an adult. They were free to choose an object from a predefined set. Through
quantitative data, we have described the general characteristics of the manipulation
of objects; through qualitative data, we aimed to capture and describe, in microgenetic
sequences, some characteristics of children’s activities, defined as socio-material. The
analysis of the socio-material activities suggested the role of objects as mediator of the
interactions between children with ASD and adults.
Keywords: autistic children, socio-material perspective, object use, communicative mediators, children play

THEORETICAL FRAME
The socio-material perspective emphasizes the role of both social and material dimensions of
artifacts – conceived as closely interrelated – in psychological activity and investigates which
features of artifacts can affect children’s social interaction patterns. Several studies have highlighted
the role of objects in the very early stages of psychological development, both in allowing the
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expansion of psychological activity and as regulators of
communication between social partners (Iannaccone, 2015;
Moreno-Núñez et al., 2017; Manzi, 2018; Cattaruzza, 2019;
Cattaruzza et al., 2019a,b).
The field of investigation of the role of objects in psychology
is very broad and informed by the contributions of various
theoretical perspectives and empirical approaches. Among
others, Piaget, Vygotsky and Moscovici have tried to understand
in very intriguing ways the role of objects in human development.
In his work, Piaget (1928, 1952a, 1954, 1962, 1972) emphasizes
how children actively build their own cognitive worlds,
organizing knowledge into patterns, or mental structures, that
serve to represent the reality to which they must adapt. Piaget’s
approach underlines the interaction between the individual and
their environment, without clearly overcoming the subject–
object dualism, as the socio-material approach advocates:

by humans to interact with others and reality, and to reflect on
their activities. In this sense, objects, as artifacts (and largely
socio-material ones), represent a constitutive component of
human life on two different levels: at an interpersonal level,
these “tools” regulate communication, interaction and all social
activities; at an intrapersonal level, they extend human functions
and, once internalized, guide thought (Moro, 2011). In these
terms, the psychological activity with and the awareness of
artifacts depend on the nature of the interaction between the
human and non-human components of this dialectical dyad.
As well-explained by Vygotsky (see quote below), a child’s play,
involving both above-mentioned components, is a situation
that allows them to explore the physical and social world
(Iannaccone et al., 2019). In this perspective, a child’s play does
not represent a simple reproduction of the experience but a
creative reworking of it:

A child sometimes sucks his thumb as early as the second month,
grabs objects at around 4–5 months, then shakes them, swings
them, rubs them and finally learns to throw them and catch them.
These behaviors presuppose at least two poles: on the one hand
is accommodation, since it is necessary to adjust movements and
perceptions to the objects themselves, and on the other hand is
assimilation of objects to one’s own activity, since the child is not
interested in the object in itself, but in so far as it can serve as
“food” for a previous behavior or in the process of being acquired.
This assimilation of the reality with sensory-motor schemes presents
itself in two complementary aspects: it is an active repetition and
consolidation (hence the “circular reaction” described by Baldwin),
(. . .) it is “mental digestion,” that is to say perception or conception
of the object according to its incorporation into a real or possible
action: (. . .) In this regard, it is obvious that this double function
of assimilation is only one in concrete activity, because it is to
the extent that the subject repeats his behaviors by reproductive
assimilation that he assimilates objects to actions and that these
become by this very fact patterns. These schemas then constitute the
functional equivalent of concepts and subsequent logical relations.
(Piaget, 1952b, p. 15, par. 5).

A child’s play very often is just an echo of what he saw and heard
adults do; nevertheless, these elements of his previous experience are
never merely reproduced in play in exactly the way they occurred
in reality. A child’s play is not simply a reproduction of what he
has experienced, but a creative reworking of the impressions he has
acquired. He combines them and uses them to construct a new
reality, one that conforms to his own needs and desires. Children’s
desire to draw and make up stories are other examples of exactly
this same type of imagination and play. (Vygotskij, 1976, p. 11).

Also, social psychology has provided some interesting
contributions to conceptualizing the notion of objects and
especially the mediating role that the partner assumes in the
interaction. In this regard, Moscovici (1976), assuming a broad
psychosocial perspective, adopts a triadic model. The key aspect
of Moscovici’s theory is represented by a ternary reading of
facts and relations, replacing the typical binary approach of the
two terms of subject and object with one of three terms: the
individual subject (I), the social subject (Other) and the Object.
The I–Object relationship is always mediated by the Other; it
can take a static form as “co-presence” or a dynamic form as
“interaction,” and can lead to changes in thinking and behavior.
Although this approach assumes a continuous interchange
between the three elements of the triadic relationship, the
dialogical theories provide an important enhancement to the
understanding of materiality. Linell (2009), adopting a dialogical
approach, considers human interactions impossible without the
presence of objects, considered as artifacts that embody the
cultural heritage of the human species (see also Tomasello,
2016). In fact, as Linell (2009) states, “many forms of human
cognition and communication cannot occur without artifacts”
(p. 345). From the dialogical approach, human interactions are
characterized by combined actions during which humans using
objects to transform their perspectives of the interactive world
(Linell, 2009).
According to this point of view, mental activity cannot be
considered as a “decontextualized” activity “in solitude” but it
largely depends on the continuous interaction of individuals with
the physical and social world (Clark and Chalmers, 1998). The
process of thinking can be considered as a social co-construction
of the meaning of the social experiences that continuously

However, despite the dualistic position, Piaget’s works made
essential contributions to understand the relationship between
cognitive development and physical reality. For example, the
micro-genetic method has allowed for comprehending how we
can provoke and observe the transformations of this relationship
between the subject and the physical world in a limited
space–time sequence. This is a fundamental methodological
condition for understanding the development of materiality in
child development.
Vygotsky (2004), while sharing Piaget’s view of the child as an
active builder of their own knowledge, highlights that cognitive
development largely depends on the progressive appropriation
of psychological tools made available by society and produced
by culture (Ben-Ari and Kedem-Friedrich, 2000). Moreover, he
argues that the transition from practical intelligence, interrelated
to reality, to a more abstract intelligence (shared and sharable)
is mediated by cultural artifacts, mainly language. Vygotskjian’s
approach conceives artifacts as symbolic mediators (both
material and psychological) of human social cognition and as
products of historical and cultural development. These are used

Frontiers in Psychology | www.frontiersin.org

2
106

June 2020 | Volume 11 | Article 1269

Manzi et al.

Objects as Communicative Mediators ASD

of the use of objects represent an important element to be
considered in the diagnosis. It is not intended here to analyze
the children’s use of objects as a diagnostic factor, but only to
highlight that the objects represent an element of diagnostic
interest. With respect to the use of objects, Kanner (1943) was
among the first to note that, despite differences and limitations,
children with ASD exhibit a particular interest in objects.
Generally, children with ASD present altered patterns of object
exploration and manipulation starting from an early stage of
development (Sigman and Ungerer, 1984; Bruckner and Yoder,
2007; Mottron et al., 2007; Ozonoff et al., 2008; for a review see
Williams et al., 1999). Furthermore, several pieces of research
have shown alterations related to the conventional use of objects,
namely the appropriate use of everyday objects (Lord, 1983;
Loveland and Tunali, 1991; Bachevalier, 1994; Williams et al.,
2005). In addition, the use of objects in children with ASD
has been extensively studied in functional and symbolic play,
showing alterations to use them also in play (Jarrold et al., 1993;
Jarrold, 2003). However, other studies have identified how objects
can become mediators of interactions between children with ASD
and peers (Romanczyk and Goren, 1975; Lord, 1983, 1984; Lord
and Hopkins, 1986). Thus, the objects with a communicative
function in the interactions between children with ASD and
peers has been recognized in literature, although not further
investigated. However, no study has ever specifically analyzed 310
the role of objects as mediators of interactions between children
with ASD and adults in a socio-material perspective.

involve humans (Perret-Clermont, 2004; Iannaccone and Bruner,
2010; Iannaccone et al., 2016). Thus, thinking is a “form of
social practice” (Radford, 2003) that refers to lived experience
in concrete situations. Based on these assumptions, thinking
activities are triggered by actions in a specific socio-material
activity context: these activities individually, isolated from their
contexts, have no meaning (Zucchermaglio, 1996; Ligorio, 2010;
Coppola et al., 2019). The above considerations allow for defining
the main assumption of the socio-material perspective: human
development is intrinsically bound to the material components
of the social context.
The attention to the role of objects in children’s social
interactions is also addressed in the research field of
developmental psychology. Pioneering studies have shown that
objects can support children’s interactions in early development
(Jacobson, 1981; De Stefano and Muller, 1982; Lieber and
Beckman, 1991) and stimulate more complex interactions among
children (De Stefano and Muller, 1982). The importance of
objects in children was also observed in interactions between
children and adults, in which the children’s use of objects
changes as a function of the sociocultural background of
the caregivers, who transmit this heritage (Bakeman et al.,
1990; Tomasello et al., 1990). Actually, the role of objects in
children’s interactions—both with peers and adults—is even
more important considering also the recent design of new
relational artifacts (Turkle, 2004), i.e., robots (Manzi et al., 2017,
2020; Marchetti et al., 2018, 2020; Di Dio et al., 2019, 2020a,b;
Manzi et al., 2020). Recently, several studies have highlighted
the role (and uses) of objects, as mediators, in the adult–child
interactions in early development (Rodríguez and Moro, 1998;
Dimitrova and Moro, 2013; Rodríguez et al., 2015; MorenoNúñez et al., 2017). In these interactions, adults acquire the role
of the scaffolder, teaching the child the different (conventional)
uses of the object (Moro, 2011, 2014). In Vygotskian terms,
adult–child activities are part of a process of the co-construction
of knowledge that involves a negotiation of intersubjective
meanings. In this sense, the object represents a support in the
interactions between child and adult, becoming one of the
components of secondary intersubjectivity (Trevarthen and
Hubley, 1978). This leads to a decisive transformation of the
children’s interaction: from a dyadic interaction (child–object
or child–adult) to a triadic interaction (adult–child–object). In
typical development, it is clear how the use of objects represents
a crucial element of interactions (Barthélémy-Musso et al., 2013;
Rodríguez et al., 2015).

Aims
The main purpose of the present study was to investigate
in children with ASD the communicative function that the
activities with objects assume in the interactions with adults,
highlighting the mediator role of objects in these interactions.
To fulfill this aim, we implemented a quasi-experimental design,
observing different forms of children’s “playful” interactions.
A broader aim was to provide insights in adopting a sociomaterial approach to the activities of children with ASD analyzing
the wider context.

MATERIALS AND METHODS
Participants
Forty-four (44) Italian preschool-age children with ASD
participated in the experiment. The children were divided into
two age groups as follows: 3-year-olds (N = 18, F = 7; M = 32.94,
SE = 4.13) and 4-year-olds (N = 26, F = 10; M = 48.36, SE = 5.42).
The children were recruited from different rehabilitation centers
of the Campania region, Italy. Inclusion criteria for the two
groups are related to the child’s diagnosis of ASD, according to
the Diagnostic and Statistical Manual of Mental Disorders criteria
(DSM 5: American Psychiatric Association [APA], 2013) made
by experts. The children’s parents received a written explanation
of the procedure of the study, the measurement items and the
materials used, and they gave written consent. The number of
participants correspond with the number of children recruited.

The Object in Autism Spectrum Disorder
In the previous paragraph, we delineated some fundamental
theoretical coordinates to define the importance that objects
have in children’s social interactions, particularly in typical
development. In the present paragraph, we will briefly outline
the importance of studying the role of objects for children with
autism spectrum disorder (ASD). As described by DSM 5, autism
is a persistent deficit in communication and social interaction
that manifests itself in various contexts (DSM, 5). Additionally,
autism is characterized by restricted and/or repetitive behavior
patterns, interests or activities: in this sense, children’s modalities
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RESULTS

Measures
Socio-Material Use of Objects Checklist

Analysis of Children’s Social Modalities

The “Socio-Material Use of Objects” checklist (SMUO; Savarese
et al., 2017; Iannaccone et al., 2018) consists of 14 items (see
Appendix 1). The items explore both the social behaviors of the
child toward an interactive partner and the activities displayed
toward the objects. Thus, the checklist focuses on how the child
“behaves” with the object within an interaction with a partner.
For each item, the observer assigned score 1 when the behavior
or activity occurred. The sum of the 14 items is grouped into a
factor named Social Modalities, which ranges from 0 to 14. This
score allows for estimating children’s social interaction patterns
in a context involving an object and a partner. In addition,
the observer has to fill an observational section to provide
detailed information concerning the events occurring during
the play session.
According to the socio-material perspective and the scientific
literature (Dominguez et al., 2006; Bruckner and Yoder, 2007),
children’s activities with objects were classified according to
three criteria: (1) Sensory-Motor Activities (SMAs), typical of
interactions in which the child uses the toy as a means to
engage in a sensorial experience (involving touch, hearing,
sight, smell and/or taste), including any self-stimulating behavior
with repetition of gestures or specific uses of an object
(stacking, piling or slamming to hear a noise); (2) Canonical
Activities (Cas), referring to using the functional characteristics
of objects and uses encoded in the child’s past experience;
(3) Social-Interactive Activities (SIAs), referring to the child
that uses the object as a mediator tool that promotes the
relationship with the adult.

In addition to the diagnosis of autism provided by experts, SMUO
has been used to assess both the social behavior exhibited by
children toward their partner and their exploratory behavior
toward the objects. The checklist allowed for a general score of
the children’s social interaction modalities.
The ANOVA analysis of the mean score of Social Modalities
of interaction shows a significant difference between 3- and 4year-old children (3 years: N = 18, M = 1.11, SE = 0.75; 4 years:
N = 26, M = 1.85, SE = 1.05, p < 0.05). Compared to the 3year-old children, the 4-year-olds had a higher mean score and
exhibited more social behaviors. Although this data seems to
indicate an effect of age on children’s modalities of interactions,
this score is not a diagnostic index of the severity of the pathology,
so it is purely informative with respect to our sample of a greater
presence of interactive behaviors in the older children’s group.

Analysis of Children’s Activities With the
Objects
As mentioned above, children’s activities were classified in three
different type of activities (SMAs, Cas and SIAs) (for details
see section “Measures”). Two independent judges evaluated
the children’s activities. The inter-rater reliability scores were
substantial (Cronbach’s Alpha = 0.71).
A Chi-square analysis (Table 1) did not reveal any differences
in the type of activities between the 3- and 4-year-old children.
The frequencies of the three categories observed refer to the
number of participants. However, the 3-year-old children had a
greater tendency to engage in SMAs (61.1%), while the 4-yearold children tended to engage in SIAs (34.6%) and SMAs (42.3%).
The Cas frequencies were similar for both the 3- and 4-year-old
children. Although children are of different ages, both groups
(including the older ones) have typical ASD difficulties in the
activities with objects. However, there is an increase in activities
involving the Other as a function of age, although this increase is
not significant.

Procedure
The study involved two experimenters (the observers) and
one experienced educator (i.e., the adult) who were qualified
to work with children with ASD and to observe them in
different interactive contexts. Two observers were involved for
each child, allowing for a comparison between the two sets
of observations.
The experienced educator introduced the children to a set
of objects (toy cars, dolls, plasticine, cubes etc.) and they were
free to choose their preferred object during the interaction.
The materials were selected considering recommendations from
previous studies showing potential preferences of the types of
objects by children with ASD (Williams et al., 1999; Ziviani
et al., 2001; Dominguez et al., 2006). Specifically, children could
choose from objects that potentially elicited different types of
play behavior (e.g., sensorimotor, canonical, symbolic). Both
experimenters completed the checklist, verifying the presence of
social behavior toward the adult and activities with the object
during the play session. In addition, the two experimenters
had to independently note what had occurred during the play
session. The observational comments were also enriched with the
considerations of the experienced educator at the end of each
session. The observation of the free play session lasted about
10 minutes and was carried out in quiet rooms in different motor
rehabilitation centers in the region of Campania, Italy.
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Qualitative Data: Observations of the
Children’s Activities
Qualitative data were obtained from microgenetic observations
of children’s activities aiming at identifying the occurrence
of behaviors that indicated the type of activity that the
child performed with the object within the context of playful
interactions with the objects. Specifically, the aim of the analysis

TABLE 1 | Distribution of activity types for 3- and 4-year-old children.

SMAs

3 years old N (%)

4 years old N (%)

3 years vs. 4 years sign (p)

11 (61.1)

11 (42.3)

ns

CAs

5 (27.8)

6 (23.1)

ns

SIAs

2 (11.1)

9 (34.6)

ns

SMAs, Sensory-Motor Activities; CAs, Canonical Activities; SIAs, SocioInteractive Activities.
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where he usually puts his fingers [. . .] the actions carried out by
Luigi with the cubes include scattering, heaping, putting in a row,
or overlapping. If stressed (about three times), the child returns
to stack.”

of the qualitative data was to search for evidence on the use
of objects as mediators in the social interaction between ASD
children and adults.
Qualitative observations will be presented to provide examples
of the different types of activities (Sensory-Motor Activities,
Canonical Activities, and Social-Interactive Activities) in the play
context. As mentioned above, in each scenario, the child freely
chose the object and interacted with the adult. All of the
observations were conducted in May 2019.

This observation indicates the child’s exploration of the
object’s material characteristics, focussing only on the concave
part of the cubes.
In the observation of Giovanni, it is interesting to observe
how the object’s characteristics constitute real affordances that
invite the child to perform specific sequences of actions, the
nature of which obviously depends on the degree of psychological
development and the severity of the autistic pathology. In the
observation of Luigi, the interaction with the object constitutes
an interesting element that highlights the child’s ability to act.
Observation 3 – 24.02.2017 – Francesco (60-month-old
male child).

Sensory-Motor Activities
In Sensory-Motor Activities, the child uses the toy as a means
to activate sensory channels (touch, hearing, sight, smell, taste)
and for self-stimulation through the repetition of gestures and
methods of using the object (stacking, piling, slamming to hear
the noise, etc.).
Observation 1 – 22.02.2017 – Giovanni (32-monthold male child).

“[Francesco] sniffs and visually chases soft rubber balls while sliding
down... he has several balls available but chooses to always use the
same ball.”

“[Giovanni] spontaneously took the object and brought it toward
his face, exploring it with his sense of smell. He then continued
the exploration by manipulating the object for 30 s, after which he
placed it on the ground.”

The educator’s observation underlines the particular sensorial
interests shown by the child. It is noteworthy that attempts to
involve the operator or others in the game are absent.
Observation 4 – 25.02.2017 – Cosimo (48-month-old
male child).
The toy chosen by Cosimo is an action figure. During the 120 s
of observation:

The educator’s commentary underlines an activity based on
sensoriality, whereby the child explores the object’s material
characteristics.
“[Giovanni] was then asked to take the object. Giovanni walked
away from the operator and started walking around the room
for about 30 s. He then returned to the activity, spontaneously
taking the buildings, exploring them, and resting them on the floor.
The operator started to construct a tower and the child imitated
his action.”

“[Cosimo] grabs the doll, shakes it, puts it in his mouth and
then places it down, picks it up and shakes it again by rotating
it in his hand, first to the right and then to the left, and walks
simultaneously around the room with fast movements. He removes
the hat from the doll’s head and returns to shaking only the hat
first and then the rest of the toy with both hands. He puts the hat
on the ground and shakes only the rest of the doll, gets up and sits
down immediately afterward, takes other toys similar to the one in
his hands, disassembles them and takes only the hat... in his hands
he has two hats of two dolls, and he puts them in a row and looks
at them.”

Here, the educator’s commentary highlights how the child
does not respond to requests to take the object and share it.
In this interesting case, the child does not seem able to
respond explicitly to the adult’s requests for interaction, and
does not manifest linguistic behaviors of sharing. Nevertheless,
the educator’s action of building a tower gives the child
the opportunity to start an imitative action. In one sense,
construction constitutes the socio-material element of the
situation, allowing the child to share the realization of the task
(albeit limited to the “remote” coordination of actions required by
imitative conduct) and to somehow mediate the communicative
function with the adult.
Observation 2 – 23.02.2017 – Luigi (48-month-old male child).
Luigi chose as an object a series of cubes made of a hard plastic
material and with a concave space on one of its faces.

The mouth, hands and eyes are the sensory channels that
orientate Cosimo in his use of the toys, together with the
repetition of some movements such as shaking the toys, their
positioning in space and the noise they make.
“Cosimo puts the dolls inside the container while shaking it to make
a loud noise.”

Both observing educators report the absence of attempts
by the child to involve others in the game. Their accounts
describe another interesting aspect of the use of the object
that can provide interesting information about their cognitive
activity. The object manipulated by Cosimo is a complex object,
consisting of multiple elements. The observed manipulation
shows how the child takes this complexity into account and lets
his actions be guided by the object’s physical characteristics. Of
course, it is impossible to deduce from the observational data
the psychodynamic elements inducing the child to disassemble
and reassemble the doll. These aspects, which are also of great

“Luigi spontaneously begins to share attention with the aim of
reaching the object, which is beyond his reach. He plays properly
only with large construction cubes, which he manages to stack
on a model.”

A profile is outlined in which Luigi manages to make
imitations but does not present shared attention or pointing.
“[When left to play with the cubes, Luigi] shows an absorbent
interest in the part underneath the cubes that is concave and
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interest in understanding the child’s psychological life, should be
interpreted using paradigms of affective psychology.

configuration (he seated the wolf and put the kitchen tools back
in their place) and based on their conventional characteristics (he
brought the food closer to his mouth and to the wolf ’s mouth
to imitate the gesture of feeding). However, the child did not
directly look into the other’s eyes while using the toys or when
taking the objects.
Observation 8 – 01.03.2017 – Loretta (48-month-old
female child).
The educator suggested that Loretta could play with a doll:

Canonical Activities
Children engaging in Canonical Activities use the toy according
to its extrinsic functions and insert it into the context of
external reality.
Observation 5 – 26.02.2017 – Carlo (36-month-old male child).
Carlo chose a toy car made of hard plastic and featuring
wheels that turn.

“Loretta takes a doll and says, “Look how beautiful this doll is! She
has very beautiful hair. . . do we comb it?” Loretta responds to the
educator’s request by taking the doll, looking at it and caressing it.
Then Loretta takes the comb from the ground, looks at it, touches it
with her other hand, takes the doll’s hat off and combs its hair. Then
Loretta takes the comb from the ground and combs the doll’s hair.”

“Carlo has a good understanding of the object of observation. In
fact, he uses the toy car on the slide, looking at how it moves. The
child’s observation of the interaction with the object lasts 5 minutes
but he presents little eye-contact.”

The educator’s comments highlight how the child can
use the combination of two objects and understand their
canonical function.

In this example, the child shows functional behavior toward
the object and contextualizes the use of the doll and the objects
at her disposal. She also demonstrates good imitation skills in
using the object.

“Some difficulties were encountered with regard to shared attention
and the return of the object when requested by the adult. However,
Carlo has good imitative skills; in fact, he imitates the movements
of the adult when he places the car on the slide.”

“After the educator demonstrates, Loretta begins to imitate the
movements of the comb on the hair or to repeat, ‘This hair is
beautiful, it is a beautiful color’.”

We can see that the child has well-established imitative
abilities, even if explicit social conduct is not observed.
Observation 6 – 27.02.2017 – Enzo (48-month-old male child).
Enzo chose an electric piano made of hard plastic and
composed of several keys.

The cases of Roberto and Loretta offer clear examples of
conduct that recognize the “canonical use” of objects, but the
observed activities appear more advanced than in the previous
cases in terms of interactive skills. In the observation of Roberto,
the elements of the playful scene communicate with each other
and social behaviors arise. In the observation of Loretta, there is
even some element of direct communication with the educator
accompanying the canonical manipulation of the object.

“Enzo took several minutes to examine the function of the various
keys and imitated the behavior of the educator by switching [the
piano] on and off several times during use. He pressed the keys of
the piano only for a short period of time; instead, he preferred to
listen to the output of the pre-recorded music and press the different
keys to change the melody and volume.”

Social-Interactive Activities
In Social-Interactive Activities, the child explicitly uses the toy to
enter a relationship with the adult.
Observation 9 – 02.03.2017 – Melvis (36-month-old
male child).
Melvis chose a toy phone made of hard plastic and
featuring four wheels.

These comments show that the child understands the
canonical use of the electric piano, specifically how to make
it produce sounds.
The notion of canonical manipulation allows us to ascertain
that both Carlo and Enzo have acquired important social
knowledge, at least as regards understanding the rules for the
use of the object. The differences from uniquely sensory-motor
activities are evident and allow for a more precise assessment
of the methods the children adopt to relate to the social and
material reality.
Observation 7 – 28.02.2017 – Roberto (64-month-old
male child).
Roberto chose a soft wolf-shaped toy.

“Melvis moves the toy phone on its wheels; he takes the handset and
passes it from one hand to the other, then he brings the phone to his
ear and says “Pompo” (hello). Once the educator takes the phone
and says “Hello,” Melvis does the same, looking him in the eyes for a
few (two) seconds.”

In this sequence of actions, we can observe how the child
carries out an interactive activity involving the other by using an
object, even if only for a short time.
Observation 10 – 03.03.2017 – Stefano (44-month-old
male child).
Stefano chose a toy truck made of hard plastic and
featuring four wheels.

“Roberto puts the stuffed animal in a seated position, then takes
the food and puts it in the saucepan and mixes it with a spoon. He
brings the food to the wolf ’s mouth to feed it and then takes the food
and drinks to bring them first to his own mouth and then toward the
stuffed animal’s mouth. He imitates the non-verbal signs of drinking
and sleeping.”

“Stefano pays attention to every part of the truck; he does not use the
truck making repetitive movements. Stefano manipulates the truck
in order to make movements related to its function (he puts a toy
child in the driver’s seat, attaches the trailer and pushes it). Stefano

The educator’s comments reveal a functional profile of
Roberto with respect to his play. During the observation, Roberto
showed his ability to combine the objects based on their specific
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in explaining the relationship between the subject and the
social context through a socio-material approach, in particular
in the early development (Moro, 2011, 2014; Dimitrova
and Moro, 2013; Rodríguez et al., 2015; Moreno-Núñez
et al., 2017). These studies allowed for hypothesizing the
adoption of the socio-material perspective in research and
interventions with different pathologies and mental disorders,
specifically with autism. This hypothesis arises from research
that highlights how autism is characterized not only by a primary
alteration in social relations but also by an alteration within
the wider socio-material context. From these premises, our
study provides for the first time the possibility to extend
the socio-material approach, until now mainly used to
explain typical development, even to atypical development.
Specifically, our results concerning the objects as mediators
of the relationship show that children with ASD actively
use the sociomaterial context -albeit as a function of their
symptomatic characteristics- to understand and explore the
material and social world.
The results concerning the type of sociomaterial activity
(Sensory-Motor Activities, Canonical Activities and SocioInteractive Activities) that the children with ASD preferred
in the experimental situation of our study allowed for being
aware of the intricate interplay between the psychological and
material components in the experiences of these children. The
observations of the socio-material activities of these children
with objects seem to lead to a non-linear interpretation of
the development of different interactional modalities established
between children and objects. This result is in line with previous
studies showing that children with ASD present alterations
in the use of the objects from early development (Williams
et al., 1999; Ozonoff et al., 2008). The type of socio-material
activities with the object seem to be associated with the
peculiarity of the symptomatology of each child and not so
much to her/his chronological age. At the same time, certain
modalities in approaching the physical world, i.e., sensorymotor activities, persist also in the occurrence of a more
theoretically abstract level of sociomaterial activities (canonical
and socio-interactive). Although further research is required
to confirm this hypothesis, our findings seem to support that
the relationship between the child and the physical world
is not exclusively shaped through the evolution of his/her
cognitive understanding.
The results concerning the observations, in the different
situations examined, seem to confirm the above mentioned
insights showing the role played by the socio-material context
in shaping the interpersonal relationship. Although the
observations do not provide sufficient evidence to fully support
the hypothesis of a full-fledged role of mediation of materiality
in the psychological processes, it is still reasonable to support it,
as already highlighted in the preliminary research (Iannaccone
et al., 2018). We believe that these results deepen our knowledge
of the “humility of things” (Miller, 2010), allowing us to address
at least partially what Malafouris rightly claimed: “We constantly
think through things, actively engaging our surrounding material
environment, but we rarely become explicitly aware of the action

holds the truck for one minute and 30 s. Stefano points and says the
name of the desired object in order to get it.”

In this interaction sequence, the child clearly organizes an
activity coherent with the functional opportunities offered by the
object. At the same time, the child needs basic interaction with
the educator to reach his goals. The object’s required accessories
propel the child to interact with the adult.
Observation 11 – 04.03.2017 – Federico (60-month-old
male child).
Federico chose a ball as his game object.
“Federico looks at the ball in the basket and makes eye-contact
with the therapist. He points at the object and says, ‘Do we play
ball?’ Then the therapist asks, ‘Who is the goalkeeper?’ and Federico
answers, ‘You are the goalkeeper!”’

Federico then kicked the ball several times and the therapist
acted as the goalkeeper. This example shows the child employing
an object (the ball) to involve the educator in the game.

DISCUSSION
Starting from a previous exploratory study (Iannaccone et al.,
2018), this research aimed to deepen the understanding of the
socio-material contexts and, in particular, the role of objects
in the psychological functioning of children with ASD. In
the present study, children with ASD aged three and four
were observed within a situation of free play with an object
freely chosen by the child from a predefined set of objects.
The child was free to include the adult or not within its
activity with the object. A general result concerned the positive
effects of also adopting a sociomaterial perspective to the
analysis of the interactions between children with ASD and
adults. Furthermore, the results showed that children preferred
sensory and motor activities with objects independent of age
and that older children had more sophisticated modalities of
interaction than younger children. Finally, another fundamental
result emerged from the analysis of the observations of the
child-adult interaction: objects can be useful mediators of
interaction with adults.
With respect to the more general theoretical outcome,
in recent years, the socio-material perspective has informed
an important interdisciplinary debate concerning the role of
the physical world (i.e., the objects) in human psychological
development, involving different branches of psychology
(Malafouris, 2013, 2019). This perspective, also introduced in
educational psychology studies, has provided an opportunity
to highlight the importance of analyzing the socio-material
context in which the relationships occur, including the
educational ones (Iannaccone, 2015, 2017; Cattaruzza, 2018;
Cattaruzza et al., 2019a,b; Iannaccone et al., 2019). This study
also promotes researchers’ awareness of the opportunities
offered by this approach identifying the human mind and
its development as an embodied, extended and distributed
activity (Clark and Chalmers, 1998). Several studies in the field
of developmental psychology showed positive achievements
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potential of this engagement in the shaping of our minds and
brains” (Malafouris, 2013, p.7).
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FUTURE DIRECTIONS

ETHICS STATEMENT
This study highlights how the sociomaterial perspective provides
important insights on how ASD children interact with the
physical and social world. In particular, our findings show
that children independent of age prefer sensory-motor activities
with objects. These activities also seem to persist in children
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preliminary hypothesis, can mediate the relationships. Overall
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the physical and social world in different contexts, from the
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the use of objects as mediators of the relationship between
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in interaction with a partner could retrospectively provide
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The study presents some limitations: a non-homogeneous
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APPENDIX
Appendix 1: Socio-Material Use of Objects (SMUO check-list)
1. Is the child paying attention to the whole object, or to parts of it?
2. Is the child pointing at the object?
3. Has the child shared joint attention with the adult?
4. Does the child understand the use of the object?
5. For how many seconds does the child observe, indicate or touch the object?
6. Does the child imitate what the adult does with the object?
7. Is the child picking up the object as requested?
8. Does the child say the name of the object?
9. Does the child share the object with the adult?
10. Does the child use the object for its conventional purpose?
11. Does the child combine objects according to their conventional characteristics?
12. Does the child use the object to represent something else?
13. Does the child pretend to use an object that is present?
14. Does the child pretend to use an object that is not present?
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Human infants can categorize objects at various category levels (e.g., as a dog,
animal, or living thing). It is crucial to understand how infants learn about the
relationships between objects. This study investigated whether 4- to 11-month-old
infants can categorize modeled objects at superordinate and living/non-living levels. In
this experiment, we presented modeled objects with a uniform texture constructed by a
3D printer in animal, vegetable/fruit, vehicle, and tool categories and measured the time
taken to examine novel categories. We investigated infants’ categorization abilities using
familiarization/novelty-preference tasks and their pre-linguistic development based on
information from their parents. The analyses examined whether infants dedicated more
examination time to objects in the new category at superordinate and living/non-living
levels for each month of age. The results revealed that the examination time among
4- and 5-month-olds was at chance levels for both superordinate and living/non-living
levels, while at 7 months, they showed high preference for the novel category
at both category levels. For the superordinate level, the strength of response to
living objects increased with linguistic development, while the strength of response
to non-living objects did not depend on linguistic development. This indicates that
the superordinate-level categorization of living objects depends on both perceptual
information and linguistic ability. For the living/non-living level, the examination time for
non-living objects increased with linguistic development. This implies that the recognition
of non-living objects may depend on the development of object knowledge. The
current study suggests that infants can recognize categories at an abstract level before
the acquisition of linguistic representations while the category levels that infants can
categorize objects are different for living/non-living objects. This may imply that infants
learn the concepts of living/non-living via different mechanisms.
Keywords: object categorization, superordinate-level categories, living/non-living level categories, category
hierarchy, infants

INTRODUCTION
We can, at a glance, recognize and categorize an object accurately and quickly (Thorpe et al.,
1996). In fact, visual object recognition, which is largely associated with visual processing (Marr,
1982), constitutes a fundamental function of our daily lives. Moreover, one of the main goals of
object recognition is object categorization, which depends on the abstraction levels of categories.
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based not only on perceptual information but on conceptual
representation as well. Is global-level categorization influenced
by linguistic development? To answer this question, in this
study, we investigated whether the recognition of global-level
categorization was influenced by linguistic development.
To understand the function of object categorization,
it is essential to consider the relationship between the
development of object categorization and that of linguistic
ability. While some previous studies showed that presenting
word labels facilitated categorization learning in infants (Balaban
and Waxman, 1997; Fulkerson and Waxman, 2007). other
studies indicated that infants’ cognitive development acquires
perceptual categorization, which helps acquisition of language
accordingly (Mandler, 2004). Therefore, whether infants before
the acquisition of language can categorize objects at global
levels, such as superordinate and living/non-living levels, is a
controversial point. To specify the relationship between linguistic
development and object categorization at global levels, this study
investigated infants’ response to novel objects at superordinate
and living/non-living levels.
Moreover, to understand the properties of the human visual
system pertaining to object categorization, it is important to
consider categorization at the living/non-living level. The ability
to perceive and categorize an object as living is essential,
such as when detecting a predator or finding food. Therefore,
high sensitivity to living objects might be a characteristic
of the human visual system (VanRullen and Thorpe, 2001).
Moreover, when studying the category levels of an object, the
superordinate-level category is usually defined as an animal,
vegetable/fruit, vehicle, and furniture, according to the hierarchy
of object category, whereas the more abstract level category
can be defined as the living/non-living level. Studies on
object categorization have often investigated the processing
mechanisms of living/non-living categorization (e.g., Praß et al.,
2013). For adults, categorization of items as living/non-living
differed between living and non-living objects in behavioral and
neuropsychological studies (McMullen and Purdy, 2006; Riddoch
et al., 2008; Mahon et al., 2009). For the categorization of
living objects, perceptual information is more crucial, whereas
contextual and functional information is more critical for
non-living objects (Garrard et al., 2001; Cree and McRae, 2003).
The sensitivity to living objects will be high even in infants,
if categorizing an object as living is critical for survival. Pauen
(2002) investigated whether 10- and 11-month-old infants
could categorize living and non-living objects based on their
perceived similarity by using an object-examination task with
three-dimensional objects. The results indicated that infants were
able to categorize living and non-living objects regardless of the
similarity between the objects. Therefore, Pauen (2002) proposed
that the categorization of living and non-living objects is based
on knowledge-based processing. Some researchers have indicated
that the structure of object concepts in infants and young children
might differ from those of adults. For example, children aged
between 3 and 5 years attribute life to non-living things, such
as clouds and watches (“animistic;” Piaget, 1929). Herrmann
et al. (2012) suggested that this error causes young children’s
lower accessibility to biological knowledge, although they already

Rosch et al. (1976) showed that objects at the basic level
of the category (i.e., car) were categorized faster than at the
superordinate (i.e., vehicle) and subordinate (i.e., Beetle) levels.
Rosch et al. (1976) also found that children over 3 years of age
were likely to learn object words at the basic level earlier than at
other levels. They suggested that children learn object concepts
at the basic level first, before subsequently acquiring the different
category levels (i.e., the superordinate and subordinate levels).
However, some studies have revealed advantages of
categorization at global levels over the basic level category
for adults. Macé et al. (2009) showed that categorization
at the superordinate level was faster than that at the basic
level, using an ultra-rapid categorization task. They suggested
that the visual system accesses object representation from a
coarse/abstract level to a fine/specific level. The superordinate
level categorization can access object representation from early
visual information, and therefore permit faster decisions than
for basic-level categorizations at short stimulus durations,
although superordinate-level categorizations were slower at
longer stimulus durations. This advantage of superordinate-level
categorization is supported by Taniguchi et al. (2020), who
showed that superordinate-level categorization does not
depend on information representative of the category, but
rather on perceptual information (e.g., complexity of shape).
Greater accessibility of superordinate-level categorization has
also been suggested by computational theory. Rogers and
Patterson (2007) examined categorization performance at three
category levels, namely basic, general (i.e., superordinate),
and specific (i.e., subordinate), with four deadline conditions
in a reaction-time assessment paradigm. They showed that
behavior matched the predictions of parallel distributed
processing (PDP) theory, indicating that semantic representation
at the superordinate-level activates earlier than basic-level
categorization, especially with shorter response deadlines (i.e.,
a requirement for faster responses). Thus, superordinate-level
categorization is unlikely to depend on object representation,
unlike basic and subordinate levels.
Mandler and McDonough (1993) investigated whether 7- to
11-month-old infants could categorize objects at the basic and
global levels. The results showed that at 7 to 11 months, infants
could categorize vehicle objects at the basic level (i.e., car from
airplane and motorcycle), while they could not distinguish animal
objects (i.e., dog from fish and rabbit). At the global level, infants
could categorize animals and vehicles regardless of similarities
among the categories such as shape and texture. Similarly, Behlchadha (1996) investigated the ability of 3- and 4-month-old
infants in categorizing natural and artifactual objects, and the
results indicated that they could categorize artifactual objects
at both the basic and the global levels (i.e., furniture vs.
animals). Likewise, Quinn and Johnson (2000) examined whether
2-month-olds can categorize objects at the basic (e.g., cat vs.
elephant) and global (e.g., mammal vs. furniture) levels using
a familiarization/novelty-preference task. Their results indicated
that 2-month-olds could categorize at the global level, but not
at the basic level. Therefore, infants may acquire global-level
categorization earlier than basic-level categorization. This might
be because infants’ object categorization at the global level is
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3D printers can easily create objects with controlled shapes
and textures. Therefore, in this study we assessed whether
categorization processing from shape information among
4- to 11-month-olds differs between superordinate and
living/non-living levels. This study used shape stimuli with a
uniform texture produced by 3D printer.

have it. Therefore, the acquisition of living/non-living concepts is
predicted to relate with linguistic development than acquisition
of the basic- and superordinate-level categories. However,
Graham and Poulin-Dubois (1999) demonstrated that infants at
the beginning of their linguistic development (approximately one
and a half year-old) can learn categorical labels of objects by
relying on shapes rather than textures (e.g., colors). They also
showed that infants can categorize unknown objects as either
animate or inanimate. Considering these findings, it is possible
that infants learn categories based on shapes of objects before
language acquisition (before 1-year-old). Furthermore, infants
might be able to categorize objects at the living/non-living and
superordinate levels based on their shapes. Thus, the question
of how infants categorize at the living and non-living level is a
highly controversial issue. Here, we examined these issues using
3D objects that had various shapes but a unitary texture.
Thus, to determine how the hierarchical structure of object
categories is constructed in infants, we exploratively investigated
whether infants’ categorization ability is affected by linguistic
development and whether objects are living vs. non-living, at
both superordinate and living/non-living levels. Accordingly,
we conducted familiarization/novelty-preference tasks using the
object examination method among 4- to 11-month-olds, which
is based on the logic by which infants’ responses during the
experiment should vary by the degree of perceptual differences
among the stimuli (Pauen, 2002). We investigated differences in
response strength by the category level of objects, by presenting
a novel object in a different superordinate-level category or in
the living/non-living category. Generally, the object examination
method is believed to be appropriate for infants aged over
7 months (Mareschal and Quinn, 2001) but we applied this
method for comparison with infants younger than 7 months.
However, the object examination task used in this study was
similar to that in a previous study that involved infants younger
than 7 months; we used the familiarization/novelty-preference
task (e.g., Quinn et al., 1993). In general, infants show more
interest in 3D objects than in static images (Mandler, 2000;
Perry, 2015). We, therefore, used the object examination method
to examine whether infants can categorize objects at both
the superordinate and living/non-living levels using perceptual
information, such as that available from 3D shapes with a
uniform texture. This study specifies the characteristics of
global level categorization in infants, such as superordinate and
living/non-living levels, assuming that infants’ categorization is
characterized by linguistic development. If infants’ categorization
at the global level depends only on perceptual information, then
infants’ preference for novel objects will not change with language
development. Moreover, if the effects of linguistic development
affect responsiveness to living objects, infants’ preference for
living/non-living objects will be different.
This study focused on the relation of shape information with
category representation to investigate whether categorization at
superordinate and living/non-living levels depends on linguistic
development and whether objects are living/non-living.
Shape information is the most important visual property in
object recognition (Marr, 1982; Biederman, 1987; Ullman,
1996). This also applies to infants (Van de Walle et al., 1997).
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MATERIALS AND METHODS
Participants
Thirty-four Japanese infants from 4 to 11 months old participated
in this study (16 males and 18 females; M = 228.2 days,
SD = 66.92). Among them, we will investigate the effect
of pre-linguistic development extensively. All participants
were recruited from Doshisha University’s waiting list. The
design and purpose of the study were explained to the
infants’ parents and written informed consent documents were
obtained from them before starting the experiment. The ethical
community of Doshisha University approved of this research
(approval number: 16091).
We calculated the sample size required to test the linear mixed
model by using lmmpower function for longpower package in R,
with 0.80 for beta (power of test) and 0.05 for alpha (significant
level). The results indicated that 74 samples were needed.
Approximately 19 participants were needed for this experiment,
since four trials were repeated for each participant (74/4 = 18.5).

Stimuli
The stimulus set was selected from animal, vegetable/fruit,
vehicle, and tool categories which consisted of modeled objects
of living (i.e., animal and vegetable/fruit; living object) and
non-living (i.e., vehicle and tool; non-living object). A total
of 16 modeled objects were presented in the experiment
(animal: dog, lion, horse, and frog; vegetable/fruit: apple,
strawberry, green pepper, and carrot; vehicle: car, bus, truck,
and motor scooter; tool: hammer, saw, scoop, and broom;
Figure 1). For animal categories, the objects were animals
standing on their four legs, which represented complex shapes.
The vegetable/fruit objects consisted of simple shape, such as
rectangles or spheres. The vehicle objects involved rectangular
shapes with large volume. The tool category consisted of objects
that were essentially small-volume cylinders. The stimuli were
constructed by a 3D printer (Stratasys, Objet30 Prime). Each
stimulus size was set to approximately 8–15 cm on one side
at maximum. The modeled objects were made of acrylic,
translucent resin.

Procedure
Infants were seated on their parents’ lap in front of the table.
The experimenter was seated on the floor at the opposite side of
table. The experimenter presented a stimulus (for familiarization
blocks) or two stimuli (for test blocks) within the infants’ reach.
If an object fell off the table, the experimenter picked it up and
put it back on the table as soon as possible. The task comprised
four familiarization and four test blocks. These blocks were
alternated (i.e., first familiarization block, then first test block,
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FIGURE 1 | The stimuli used in this experiment. The objects used in the animal (A), vegetable/fruit (B), vehicle (C), and tool (D) categories.

second familiarization block, . . .fourth test block). When one
block was finished, the next block was started immediately. The
experiment was paused if the infant cried. Before starting the
experiment, short warm-up trials were conducted by presenting
blocks of various geometric shapes (i.e., cylinder, triangle pole,
and square pole). The experimenter did not label any of the
objects, and the parents were asked not to interact with the
infants during the session. Completion of all blocks required
approximately 30 min.
For familiarization blocks, one of the three stimuli in a
category was presented randomly. The infants could explore the
object any way they wished (e.g., play, explore, and ignore).
The stimulus was presented for a minimum of 20 s, and if the
infants showed interest in it after 20 s, they could continue their
examination until 180 s. Then, the next stimulus was presented.
Three stimuli in a category were presented once or twice. If
infants did not respond to a new object, the familiarization block
was terminated. In total, three to six trials were conducted in a
familiarization block.
Test blocks were conducted immediately after a
familiarization block was completed. For test blocks, two stimuli
were presented simultaneously beside each other: one was the
novel object in the category presented in the familiarization block
and the other was an object from a novel category. We randomly
assigned the positions of the two stimuli. The novel category was
chosen based on superordinate (e.g., animal vs. vegetable/fruit
and vehicle vs. tool) or living/non-living levels (e.g., animal vs.
vehicle and vegetable/fruit vs. tool). The infants could explore
the objects the same way as in the familiarization blocks. A test
block consisted of one trial. After the trial was finished, the next
familiarization block was started.
The behavior of infants in the experiment was recorded
using a video camera placed in front of them. After four
test blocks were completed, the experimenter orally asked
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infants’ parents questions on the pre-linguistic scale and
recoded their answers.

Pre-linguistic Scales
To investigate the effects of linguistic development, we asked
parents for their responses to the Nagao Pre-Linguistic Scales
(Nagao et al., 1990). The scales were used in 12 questions selected
from the stage of language development and representing
the function of language at 1–12 months, which involved
development of vocal expressions and symbolistic functions.
Vocal expressions also involved infants’ communication
ability through aspects such as emotion expression and
attracting mother’s attention (but not by crying). Nagao et al.
(1990) argued that these communication abilities indicate the
differentiation of objects and are associated with the development
of conceptual function. The score on the pre-linguistic
scales, therefore, indicated the degree of development in
conceptual function.
The score rating was followed by Nagao et al. (1990): If
it certainly acknowledged, the score was 1. If it had started
appearance but it does not completely, the score was 0.5. If it had
not appeared yet, the score was 0.

Video Coding
One coder for the familiarization blocks and two coders for
test blocks measured the examination time for each trial.
They were not aware of the purpose of this study. For
familiarization blocks, the coder recorded the examination
time, defined as the time during which an infant examines
an object by using observation and touch. Examination time
was measured from the beginning of the stimulus presentation
until the infant stopped examining the stimulus. For test
blocks, the coders recorded the examination time of each
stimulus over 20 s from the time of first response to a
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stimulus, such as the first look or touch. The examination
time may indicate the strength of response to the stimulus
(Pauen, 2002).

Statistical Analysis Methods
We conducted repeated-measures linear mixed-models using the
lme4 (Bates et al., 2015) and lmerTest (Kuznetsova et al., 2017).
Packages in R to compare the difference between group means
in repeated measure and mixed design. This procedure produces
results similar to those of ANOVA and t-tests. In a linear
mixed-model, the random participant effect is constructed using
the correlations between the observations of the participants.
Linear mixed-models are generally robust against missing values
(Baayen et al., 2008).

FIGURE 2 | Mean examination time and the prediction from the linear
mixed-model in the familiarization test, as a function of familiarization trial.
“meanDay-old” indicates the mean age of participants in days (221.57), while
“meanDay-old ± SD” denotes the mean age ± 1 SD (67.15), to show the
interaction effect between age in days and trial number. Error bars indicate
standard errors.

RESULTS
Data from two female infants (an 8-month-old and an
11-month-old) were excluded from the analyses, because they did
not show any response to the stimuli. The mean examination time
in trials between coders for test blocks provided the raw data for
further analyses because intercoder reliability was high (r = 0.94,
range: 0.93–0.96).

TABLE 1 | The estimations of the linear mixed-model based on the
familiarization trials.

Familiarization Trials
To examine whether infants were habituated to the presented
stimulus or category, the model set examination time as the
dependent variable, trials in a block (centered at first trial:
First trials) as the continuous variable, days-old [centered at
the mean (227.45 days) of days-old: days-old] as the fixed
variable, and infant ID as the random variable. The analyses
involved 475 observations from 32 participants. The analysis
revealed a significant effect of First trials and Days-old [First
trials: beta = -12.53, t(453) = -6.67, p < 0.001; Days-old:
beta = 0.46, t(44) = 4.73, p < 0.001] and the interaction
between them [beta = -0.09, t(455) = -3.08, p < 0.01],
indicating that examination time decreased with trials number
(Figure 2 and Table 1).

First trials

SE

Intercept

72.54

Days-old

0.46

Days-old × first trials

df

t-value

p

6.60

45.14

11.00

<0.001

0.10

44.75

4.73

<0.001

−12.53

1.88

453.79

−6.67

<0.001

−0.09

0.03

455.90

−3.08

0.002

and living/non-living levels [beta > 0.22, t(110) > 2.58, p < 0.05].
The intercept effect in 10-month-olds was significant for the
superordinate-level [beta = 0.25, t(110) = 2.00, p < 0.05], while
the intercept effect approached significance in 10-month-olds for
the living/non-living level [beta = 0.23, t(110) = 1.88, p < 0.1].
The intercept effect was not significant in infants of other ages.
In the contrast, the effect of category level was not significant in
infants of any age (Figure 3).
To test the difference between the categorization of
superordinate and living/non-living levels by linguistic
development and object properties in the living/non-living
category for a new category, a series of a linear mixed modeling
effects was conducted. The model set the preference score
(centered at 0.5) as the dependent variable. Pre-linguistic score
(centered at mean: linguistics) was set as the continuous variable,
categorization level (superordinate vs. living/non-living level:
category level) was set as the fixed variable, living/non-living
category of objects (living object vs. non-living object: object
category) were set as dummy variables, and the interactions
among them were also included in the model. Infant ID was
set as a random effect. The analyses involved 119 observations
from 32 participants. Note that the effect of age in days-old
was omitted from the fixed variables in these analyses, to avoid
multi-collinearity with pre-linguistic score [r(117) = 0.67,
p < 0.001]1 . The results revealed significant two-way interactions

Test Trials
The analyses involved 119 observations from 32 participants.
As preliminary analysis, we conducted a hierarchical multiple
regression analysis of the linear mixed model in order to
investigate whether there are differences in infant preferences
by category of novel object. In the model, preference scores
were used as the dependent variable, while the category of
novel object was used as a fixed variable and the infant’s
ID was used as a random variable. The results showed
that the main effect of the category was not significant
[χ 2 (3) = 5.30, n.s.].
The analysis focused on the intercept because we examined
whether or not the preference score was more than the
chance-level (i.e., 0.5). We set the months-old variable as dummy
variable centered at each month, to investigate effects of age
change. The series of analyses revealed that the effect of the
intercept was significant in 7-month-olds at both superordinate
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1

We did not analyze the data by dividing the infants into younger and older
categories because we aimed to investigate the effects of pre-linguistic development
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FIGURE 3 | Mean preference score as a function of months and category level. Error bars indicate standard errors.

between pre-linguistic score and category level [beta = 0.12,
t(111) = 2.77, p < 0.01] and between pre-linguistic score and
object category [beta = 0.09, t(111) = 2.09, p < 0.05]. The
three-way interaction among pre-linguistic score, category
level, and object category was also significant [beta = -0.23,
t(111) = -3.76, p < 0.001; as shown in Table 2]. Figure 4
shows the results of analyses of simple main effects of the
three-way interaction, showing that preference scores for living
objects at the superordinate level were higher than those at
the living/non-living level for infants with higher linguistic
ability. In addition, preference scores for living objects were
higher than those for non-living objects at the superordinate
level of categorization for infants with higher linguistic ability.
As Figure 4 shows, the linguistic effects were revealed at the
superordinate-level categorization of living objects and at the
living/non-living level of non-living objects.

DISCUSSION
In this study, we investigated whether categorization at both the
superordinate and living/non-living levels depends on linguistic
development and whether objects are living/non-living in 4- to
11-month-old infants. The results of this study indicated that
infants older than 7 months could categorize objects at both
the superordinate and living/non-living levels. However, the
strength of response was associated with an interaction between
living/non-living objects and category levels. Infants with higher
pre-linguistic scores showed higher preference scores for living
objects at the superordinate level than at the living/non-living
level of categorization. Infants at 7 months could distinguish
the category at both the superordinate and living/non-living
levels, although their processing was similar. The processing of
superordinate and living/non-living levels may differ owing to
linguistic development.
For superordinate-level categorization, the effects of linguistic
development differed between living and non-living objects:
the linguistic score did not influence preference scores for
non-living objects, although it did increase the examination time
for living objects. This might indicate that superordinate-level
categorization depends on both perceptual information

exploratively. Moreover, we also conducted the repeated measure mixed model
analysis by using a similar procedure in the analysis of test trials, except that
the age group [younger than 7 months (i.e., 4- to 6-month-olds) vs. 7 months
or older (i.e., 7- to 11-month-olds)] rather than pre-linguistic score was set as
a dummy dependent variable. The findings indicated results almost identical
to those indicated in Figure 3 and Table 2 (see Supplementary Figure 1 and
Supplementary Table 1).

TABLE 2 | The estimations of the linear mixed-model based on the test trials.
Beta
Intercept

SE

df

t-value

p

0.08

0.06

111.00

1.32

0.191

Pre-linguistic score

−0.03

0.03

111.00

−1.01

0.317

Superordinate-level

0.07

0.09

111.00

0.80

0.424

−0.05

0.09

111.00

−0.55

0.585

Pre-linguistic score × superordinate level

0.12

0.04

111.00

2.77

0.007

Pre-linguistic score × non-living object

0.09

0.04

111.00

2.09

0.039

Superordinate level × non-living object

−0.11

0.12

111.00

−0.92

0.359

Pre-linguistic score × superordinate level × non-living object

−0.23

0.06

111.00

−3.76

<0.001

Non-living object
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FIGURE 4 | The prediction from the linear mixed-model as a function of pre-linguistic score, category level, and living/non-living object. Error bars indicate
standard errors.

Therefore, more developed object knowledge than that exhibited
by 11-month-olds might be necessary for infants to categorize at
the living/non-living level.
In this study, we used familiarization/novel-preference tasks
with 3D objects to measure the strength of category preference
by considering both fixation and the touching of objects (Oakes
et al., 1991; Oakes and Tellinghuisen, 1994). The results indicated
that the 4- and 5-month-old infants did not show any preference
for the novel category, which was inconsistent with Quinn and
Johnson (2000). Mareschal and Quinn (2001) argued that young
infants form an exclusive category when the examined objects
have low variability in perceptual features. As we used objects
with a uniform texture in the current study, young infants might
not have formed inclusive categories of several objects. Moreover,
the familiarization trials showed that 4- and 5-month-olds also
did not show habituation to objects, because they showed weak
responses in both familiarization and test trials in this study.
Therefore, for 4- and 5-month-old infants, shape information
might not be sufficient for categorization.
In the current study, the recognition of living objects was
found at the living/non-living level of categorization. In some
studies, recognition of living objects was not found. For example,
VanRullen and Thorpe (2001) investigated whether living objects
(i.e., mammals) were categorized faster than non-living objects
(i.e., means of transport), using ultra-rapid categorization tasks.
They revealed that response speed for living objects was not
greater than that for non-living objects. This might have been
due to a category-level effect as, in the current study, we found
different effects of living objects between superordinate and
living/non-living levels. Further studies will be needed to clarify
the living objects effect.
Additional issues of categorization at a global level relate
to the variety of objects within a category. For example, the
shapes of birds and fishes are very different from the shapes
of the animals used in this study. In this study, the stimuli

and linguistic ability for living objects. These results are
consistent with a previous study that showed both pre-existing
representation and perceptual information related to infants’
categorization abilities (Smith, 2000; Pauen, 2002). Therefore,
infants categorize living objects at the superordinate-level
depending not only on perceptual information but also on
object concepts.
For non-living objects at the superordinate-level
categorization, no effect of linguistic ability was found. This
might be because perceptual shape information plays an
important role in the categorization of non-living objects. Some
studies found that 2-year-old children categorize non-living
objects based on functional features (e.g., Deborah et al., 2004;
Casler and Kelemen, 2007), which indicates that functional
features are important for shaping the concepts of non-living
objects. The current study also indicated that 7-month-olds can
categorize objects at both superordinate levels. Thus, it might
be possible for infants to perceive functional features from the
shape of objects at circa 7 months of age.
For categorization at living/non-living level, preference scores
for non-living objects increased correspondingly to pre-linguistic
scores, while those for living objects were unaffected by
pre-linguistic scores. These results suggest that perceptual
information is more effective for categorization of living objects
at the living/non-living level, because the shape components
of living objects were more complex than those of non-living
objects. That is, the living category consisted of rounded and
curved surfaces, while the non-living category consisted of
straight lines, right angles, and corners. However, the response
strength did not different according to linguistic development
for non-living objects. Infants generally prefer more complex,
informative objects over other types of objects (e.g., Fantz, 1958).
Thus, response strength is expected to be greater for living
objects. Moreover, 10-month-olds cannot categorize objects at
the living/non-living level but can at the superordinate level.
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of objects were limited, and infants were familiarized with a
single category in a familiarization block. Therefore, the question
remains as to how infants categorize these different shape objects
within the same category. However, the current study indicated
that categorization by infants might depend not only on shape
information, but also on linguistic development of objects. These
findings provide insight into the how the hierarchical structure of
object concepts is acquired.
Recognizing objects is a critical life skill (e.g., for finding
food, grasping a bottle, or communicating with others). Some
diseases could cause deficits in object recognition ability.
For example, patients with semantic dementia show gradually
increasing deficits in conceptual knowledge regarding word
and object meanings. Such patients sometimes show impaired
categorization at basic and subordinate levels, but intact
categorization at the superordinate level (Rogers and Patterson,
2007). Furthermore, individuals with autism spectrum disorder
(ASD) show difficulties in recognizing atypical objects (Gastgeb
and Strauss, 2012). This may lead to problems for individuals
with ASD in solving problems that involve abstract content
(Alderson-Day and McGonigle-Chalmers, 2011). According to
these studies, the deterioration of object recognition may cause
difficulties with daily living. The current study implies that
the learning of object concepts may differ between living
and non-living objects, given the different response strength
at the category level. Difficulties in daily living might be
caused by distortion of the structure of object concepts. Thus,
the current study contributes to extant work by revealing
correlations between object recognition ability and other
abilities, such as grasping a bottle, pointing an object, and
communicating with others.
To summarize, this study investigated how 4- to
11-month-old infants categorized objects at the superordinate
and living/non-living levels, using 3D objects with a uniform
texture. We conducted object examination trials and measured
the duration of infants’ examination of the stimuli. The
results showed that preference of a novel category was
influenced by whether objects were living/non-living and
linguistic development. For the superordinate-level category,
the strength of response to living objects increased with
linguistic development, but that to non-living objects was
unaffected by linguistic development. This indicates that the
superordinate-level categorization of living objects depends on
both perceptual information and linguistic ability, consistent
with the idea of superordinate-level recognition. For the
living/non-living category, preference scores did not differ
between living and non-living objects. This implies that

categorization at the living/non-living level may depend on more
developed object knowledge and finer perceptual discrimination.
The current study suggests that infants can recognize categories
at an abstract level, using not only shape information of objects,
but also linguistic representations.

REFERENCES

Balaban, M. T., and Waxman, S. R. (1997). Do Words Facilitate Object
Categorization in 9-Month-Old Infants? J. Exp. Child Psychol. 64, 3–26.
doi: 10.1006/JECP.1996.2332
Bates, D., Mächler, M., Bolker, B., and Walker, S. (2015). Fitting Linear MixedEffects Models Using lme4. J. Stat. Softw. 1,
Behl-chadha, G. (1996). Basic-level and superordinate-like categorical
representations in early infancy. Cognition 60, 105–141. doi: 10.1016/
0010-0277(96)00706-8

DATA AVAILABILITY STATEMENT
The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT
The studies involving human participants were reviewed and
approved by the ethical community of Doshisha University.
Written informed consent to participate in this study was
provided by the participants’ legal guardian/next of kin.

AUTHOR CONTRIBUTIONS
KT and AT-I designed this study and wrote the original draft.
KT conducted the experiments and analyzed the results. SI
supervised this project. All authors contributed to revisions, read,
and approved the submit version.

FUNDING
This study was supported by MEXT Promotion of
Distinctive Joint Research Center Program Grant
Number JPMXP0619217850.

ACKNOWLEDGMENTS
We are grateful to Chikako Hashizume and Rieko Higashitani for
their assistance with video coding. We also thank the Keihanna
Research-Complex project for supporting 3D printer usage.

SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyg.
2020.02009/full#supplementary-material

Alderson-Day, B., and McGonigle-Chalmers, M. (2011). Is it a bird? Is it a plane?
Category use in problem-solving in children with autism spectrum disorders.
J. Autism Dev. Disord. 41, 555–565. doi: 10.1007/s10803-010-1077-9
Baayen, R. H., Davidson, D. J., and Bates, D. M. (2008). Mixed-effects modeling
with crossed random effects for subjects and items. J. Mem. Lang. 59, 390–412.
doi: 10.1016/J.JML.2007.12.005

Frontiers in Psychology | www.frontiersin.org

8
123

August 2020 | Volume 11 | Article 2009

Taniguchi et al.

Global-Level Categorization by Infants

Biederman, I. (1987). Recognition-by-components: a theory of human image
understanding. Psychol. Rev. 94, 115–147. doi: 10.1037/0033-295X.94.
2.115
Casler, K., and Kelemen, D. (2007). Reasoning about artifacts at 24 months:
the developing teleo-functional stance. Cognition 103, 120–130. doi: 10.1016/
j.cognition.2006.02.006
Cree, G. S., and McRae, K. (2003). Analyzing the factors underlying the structure
and computation of the meaning of chipmunk, cherry, chisel, cheese, and cello
(and many other such concrete nouns). J. Exp. Psychol. Gen. 132, 163–201.
doi: 10.1037/0096-3445.132.2.163
Deborah, G. K. N., Louisa Chan, E., and Holt, M. B. (2004). When Children Ask,
“What Is It?”. What Do They Want to Know About Artifacts? Psychol. Sci. 15,
384–389. doi: 10.1111/j.0956-7976.2004.00689.x
Fantz, R. L. (1958). Pattern vision in young infants. Psychol. Rec. 8, 43–47.
doi: 10.1007/bf03393306
Fulkerson, A. L., and Waxman, S. R. (2007). Words (but not Tones) facilitate object
categorization: evidence from 6- and 12-month-olds. Cognition 105, 218–228.
doi: 10.1016/J.COGNITION.2006.09.005
Garrard, P., Lambon Ralph, M. A., Hodges, J. R., and Patterson, K. (2001).
Prototypicality, distinctiveness, and intercorrelation: analyses of the semantic
attributes of living and nonliving concepts. Cogn. Neuropsychol. 18, 125–174.
doi: 10.1080/02643290125857
Gastgeb, H. Z., and Strauss, M. S. (2012). Categorization in ASD: the role of
typicality and development. Perspect. Lang. Learn. Educ. 19, 66–74. doi: 10.
1044/lle19.2.66
Graham, S. A., and Poulin-Dubois, D. (1999). Infants’ reliance on shape to
generalize novel labels to animate and inanimate objects. J. Child Lang. 26,
295–320. doi: 10.1017/S0305000999003815
Herrmann, P. A., Medin, D. L., and Waxman, S. R. (2012). When humans become
animals: development of the animal category in early childhood. Cognition 122,
74–79. doi: 10.1016/j.cognition.2011.08.011
Kuznetsova, A., Brockhoff, P. B., and Christensen, R. H. B. (2017). lmerTest
Package: tests in Linear Mixed Effects Models. J. Stat. Softw. 1, 1–26.
Macé, M. J.-M., Joubert, O. R., Nespoulous, J.-L., and Fabre-Thorpe, M. (2009). The
time-course of visual categorizations: you spot the animal faster than the bird.
PLoS One 4:e5927. doi: 10.1371/journal.pone.0005927
Mahon, B. Z., Anzellotti, S., Schwarzbach, J., Zampini, M., and Caramazza,
A. (2009). Category-specific organization in the human brain does not
require visual experience. Neuron 63, 397–405. doi: 10.1016/j.neuron.2009.
07.012
Mandler, J. M. (2000). Perceptual and Conceptual Processes in Infancy. J. Cogn.
Dev. 1, 3–36. doi: 10.1207/S15327647JCD0101N_2
Mandler, J. M. (2004). Thought before language. Trends Cogn. Sci. 8, 508–513.
doi: 10.1016/j.tics.2004.09.004
Mandler, J. M., and McDonough, L. (1993). Concept formation in infancy. Cogn.
Dev. 8, 291–318. doi: 10.1016/S0885-2014(93)80003-C
Mareschal, D., and Quinn, P. C. (2001). Categorization in infancy. Trends Cogn.
Sci. 5, 443–450. doi: 10.1016/S1364-6613(00)01752-6
Marr, D. (1982). Vision: A Computational Investigation into the Human
Representation and Processing of Visual Information. San Francisco, CA: W. H.
Freeman.
McMullen, P. A., and Purdy, K. S. (2006). Category-specific effects on the
identification of non-manipulable objects. Brain Cogn. 62, 228–240. doi: 10.
1016/j.bandc.2006.06.002
Nagao, K., Shino, K., and Ueyoshi, A. (1990). Test method for pre-speech
language: I. Outline of test. Hattatsu 22, 319–326. doi: 10.11251/ojjscn1969.
22.319

Frontiers in Psychology | www.frontiersin.org

Oakes, L. M., Madole, K. L., and Cohen, L. B. (1991). Infants’ object examining:
habituation and categorization. Cogn. Dev. 6, 377–392. doi: 10.1016/08852014(91)90045-F
Oakes, L. M., and Tellinghuisen, D. J. (1994). Examining in infancy: does it reflect
active processing? Dev. Psychol. 30, 748–756. doi: 10.1037/0012-1649.30.5.748
Pauen, S. (2002). Evidence for knowledge-based category discrimination in
infancy. Child. Dev. 73, 1016–1033. doi: 10.1111/1467-8624.00454
Perry, L. K. (2015). To have and to hold: looking vs. touching in the study of
categorization. Front. Psychol. 6:178. doi: 10.3389/fpsyg.2015.00178
Piaget, J. (1929). The Child’s Conception of the World (J. Tomlinson & A. Tomlinson,
Trans.). London: Kegan Paul, Trench, Trubner & Co. Ltd.
Praß, M., Grimsen, C., König, M., and Fahle, M. (2013). Ultra rapid object
categorization: effects of level, animacy and context. PLoS One 8:e68051.
doi: 10.1371/journal.pone.0068051
Quinn, P. C., Eimas, P. D., and Rosenkrantz, S. L. (1993). Evidence for
Representations of Perceptually Similar Natural Categories by 3-Month-Old
and 4-Month-Old Infants. Perception 22, 463–475. doi: 10.1068/p220463
Quinn, P. C., and Johnson, M. H. (2000). Global-before-basic object categorization
in connectionist networks and 2-month-old infants. Infancy 1, 31–46.
doi: 10.1207/S15327078IN0101_04
Riddoch, M. J., Humphreys, G. W., Akhtar, N., Allen, H., Bracewell, R. M.,
and Schofield, A. J. (2008). A tale of two agnosias: distinctions between
form and integrative agnosia. Cogn. Neuropsychol. 25, 56–92. doi: 10.1080/
02643290701848901
Rogers, T. T., and Patterson, K. (2007). Object categorization: reversals and
explanations of the basic-level advantage. J. Exp. Psychol. Gen. 136, 451–469.
doi: 10.1037/0096-3445.136.3.451
Rosch, E., Mervis, C. B., Gray, W. D., and Boyes-Braem, P. (1976). Basic objects
in natural categories. Cogn. Psychol. 8, 382–439. doi: 10.1016/0010-0285(76)
90013-x
Smith, L. B. (2000). From knowledge to knowing: real progress in the study of
infant categorization. Infancy 1, 91–97. doi: 10.1207/S15327078IN0101_08
Taniguchi, K., Kuraguchi, K., Takano, Y., and Itakura, S. (2020). Object
categorization processing differs according to category level: comparing visual
information between the basic and superordinate levels. Front. Psychol. 11:501.
doi: 10.3389/fpsyg.2020.00501
Thorpe, S., Fize, D., and Marlot, C. (1996). Speed of processing in the human visual
system. Nature 381, 520–522. doi: 10.1038/381520a0
Ullman, S. (1996). High-level Vision: Object Recognition and Visual Cognition.
Cambridge, MA: MIT Press.
Van de Walle, G., Spelke, E. S., and Carey, S. (1997). “Concepts and categorization
in infancy,” in Proceedings of the Biennial Meeting of the Society for Research in
Child Development, Washington, DC.
VanRullen, R., and Thorpe, S. J. (2001). Is it a bird? Is it a plane? Ultra-rapid
visual categorisation of natural and artifactual objects. Perception 30, 655–668.
doi: 10.1068/p3029
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Copyright © 2020 Taniguchi, Tanabe-Ishibashi and Itakura. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

9
124

August 2020 | Volume 11 | Article 2009

BRIEF RESEARCH REPORT
published: 30 September 2020
doi: 10.3389/fpsyg.2020.02011

A Robot Is Not Worth Another:
Exploring Children’s Mental State
Attribution to Different Humanoid
Robots
Federico Manzi 1* † , Giulia Peretti 1† , Cinzia Di Dio 1 , Angelo Cangelosi 2 , Shoji Itakura 3 ,
Takayuki Kanda 4,5 , Hiroshi Ishiguro 5,6 , Davide Massaro 1 and Antonella Marchetti 1
1

Research Unit on Theory of Mind, Department of Psychology, Università Cattolica del Sacro Cuore, Milan, Italy, 2 School
of Computer Science, University of Manchester, Manchester, United Kingdom, 3 Centre for Baby Science, Doshisha
University, Kyoto, Japan, 4 Human-Robot Interaction Laboratory, Graduate School of Informatics, Kyoto University, Kyoto,
Japan, 5 Advanced Telecommunications Research Institute International, IRC/HIL, Keihanna Science City, Kyoto, Japan,
6
Department of Systems Innovation, Osaka University, Toyonaka, Japan

Edited by:
Emily Mather,
University of Hull, United Kingdom
Reviewed by:
Muneeb Imtiaz Ahmad,
Edinburgh Centre for Robotics,
Heriot-Watt University,
United Kingdom
Sergio Morra,
University of Genoa, Italy
*Correspondence:
Federico Manzi
federico.manzi@unicatt.it
† These

authors have contributed
equally to this work

Specialty section:
This article was submitted to
Developmental Psychology,
a section of the journal
Frontiers in Psychology
Received: 20 December 2019
Accepted: 20 July 2020
Published: 30 September 2020
Citation:
Manzi F, Peretti G, Di Dio C,
Cangelosi A, Itakura S, Kanda T,
Ishiguro H, Massaro D and
Marchetti A (2020) A Robot Is Not
Worth Another: Exploring Children’s
Mental State Attribution to Different
Humanoid Robots.
Front. Psychol. 11:2011.
doi: 10.3389/fpsyg.2020.02011

Recent technological developments in robotics has driven the design and production of
different humanoid robots. Several studies have highlighted that the presence of humanlike physical features could lead both adults and children to anthropomorphize the
robots. In the present study we aimed to compare the attribution of mental states to two
humanoid robots, NAO and Robovie, which differed in the degree of anthropomorphism.
Children aged 5, 7, and 9 years were required to attribute mental states to the NAO
robot, which presents more human-like characteristics compared to the Robovie robot,
whose physical features look more mechanical. The results on mental state attribution
as a function of children’s age and robot type showed that 5-year-olds have a greater
tendency to anthropomorphize robots than older children, regardless of the type of
robot. Moreover, the findings revealed that, although children aged 7 and 9 years
attributed a certain degree of human-like mental features to both robots, they attributed
greater mental states to NAO than Robovie compared to younger children. These
results generally show that children tend to anthropomorphize humanoid robots that also
present some mechanical characteristics, such as Robovie. Nevertheless, age-related
differences showed that they should be endowed with physical characteristics closely
resembling human ones to increase older children’s perception of human likeness.
These findings have important implications for the design of robots, which also needs
to consider the user’s target age, as well as for the generalizability issue of research
findings that are commonly associated with the use of specific types of robots.
Keywords: child–robot interaction (cHRI), social robots, humanoid and anthropomorphic robots, differences
among robots, children, anthropomorphism, mental states attribution

INTRODUCTION
Currently, we are witnessing an increasing deployment of social robots (Bartneck and Forlizzi,
2004) in various contexts, from occupational to clinical to educational (Murashov et al., 2016;
Belpaeme et al., 2018; Marchetti et al., in press). Humanoid social robots (HSRs), in particular,
have proven to be effective social partners, possibly due to their physical human likeness
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compared four different agents (computer, functional robot,
anthropomorphic robot, and human confederate) in a Prisoner’s
Dilemma Game, and showed that the more the interactive partner
displayed human-like characteristics, the more the participants
appreciated the interaction and ascribed intelligence to the game
partner. What characteristics of anthropomorphic robots (i.e.,
the HSRs) increase the perception of anthropomorphism? The
HSRs can elicit the perception of anthropomorphism mainly
at two levels: physical and behavioral (Marchetti et al., 2018).
Working on the physical level is clearly easier than on intrinsic
psychological features, and – although anthropomorphic physical
features of robots are not the only answer to enhance the
quality of interactions with humans – the implementation of
these characteristics can positively affect HRIs (Duffy, 2003; for
a review see Marchetti et al., 2018). It should be stated, however,
that extreme human-likeness can result in the known uncanny
valley effect, according to which HRIs are negatively influenced
by robots that are too similar to the human (Mori, 1970;
MacDorman and Ishiguro, 2006; Mori et al., 2012). Thus, the
HSRs’ appearance represents an important social affordance for
HRIs, as further demonstrated by the psychological research on
racial and disability prejudice (Todd et al., 2011; Macdonald et al.,
2017; Sarti et al., 2019; Manzi et al., 2020b). The anthropomorphic
features of the HSRs can increase humans’ perception of
humanness, such as mind attribution and personality, and
influence other psychological mechanisms and processes (Kiesler
and Goetz, 2002; MacDorman et al., 2005; Powers and Kiesler,
2006; Bartneck et al., 2008; Broadbent et al., 2013; Złotowski et al.,
2015; Marchetti et al., 2020).
The study of the design of physical characteristics of the
HSRs and their classification has been already investigated in
HRI, but not systematically. A pioneering study by DiSalvo et al.
(2002) explored the perception of humanness using 48 images
of different heads of HSRs, and showed that three features are
particularly important for the robot’s design: the nose, eyes,
and mouth. Furthermore, a study by Duffy (2003) categorized
different robots’ head in a diagram composed of three extremities:
"human head" (as-close-as-possible to a human head), "iconic
head" (a very minimum set of features) and "abstract head" (a
more mechanistic design with minimal human-like aesthetics).
Also, in this instance, human likeness was associated with
greater mental abilities. Furthermore, a study by MacDorman
(2006) analyzed the categorization of 14 types of robots (mainly
androids and humanoids) in adults. It was shown that humanoid
robots displaying some mechanical characteristics – such as the
Robovie robot – were classified average on a “humanness” scale
and rated lower on the uncanny valley scale. Recent studies
compared one of the most widely used HSRs, the NAO robot,
with different types of robots. It was shown that the NAO
robot is perceived less human-like than an android – which
is a highly anthropomorphic robot in both appearance and
behavior (Broadbent, 2017)-, but more anthropomorphic than
a mechanical robot, i.e., the Baxter robot (Yogeeswaran et al.,
2016; Zanatto et al., 2019). However, there were no differences in
perceived ability to perform physical and mental tasks between
NAO and the android (Yogeeswaran et al., 2016), indicating
that human-likeness (and not “human-exactness”) is sufficient
to trigger the attribution of psychological features to a robot.

(Dario et al., 2001). Humanoid social robots can vary in the
degree of their anthropomorphic physical characteristics, often
depending on the target user (children, adults, elderly, students,
clinical populations, etc.) and the context (household, education,
commercial, and rehabilitation). For example, the humanoid
KASPAR robot that resembles a young child (with face, arms
and hands, legs and feet), was specifically built for children
with autism spectrum disorder (Dautenhahn et al., 2009; Wainer
et al., 2014). In other instances, however, the same HSRs are
used both for different purposes and different populations,
like the NAO robot, which is largely used both with clinical
and non-clinical populations (Shamsuddin et al., 2012; Mubin
et al., 2013; Begum et al., 2016; Belpaeme et al., 2018), or the
Robovie robot, that is employed both with adults and children
(Shiomi et al., 2006; Kahn et al., 2012). A recent review of the
literature by Marchetti et al. (2018) showed that different physical
characteristics of HSRs may significantly affect the quality of
interaction between humans and robots at different ages. The
construction of robots that integrate and expand the specific
biological abilities of our species led to two different directions
in robotic development based on different, though related,
theoretical perspectives: developmental cybernetics (DC; Itakura,
2008; Itakura et al., 2008; Moriguchi et al., 2011; Kannegiesser
et al., 2015; Okanda et al., 2018; Di Dio et al., 2019; Wang
et al., 2020; Manzi et al., 2020a) and developmental robotics
(DR; De La Cruz et al., 2014; Cangelosi and Schlesinger, 2015,
2018; Lyon et al., 2016; Morse and Cangelosi, 2017; Vinanzi
et al., 2019; Zhong et al., 2019; Di Dio et al., 2020a,b). The
first perspective (DC) consists of creating a human-like system,
by simulating human psychological processes and prosthetic
functions in the robot (enhancing the function and lifestyle
of persons) to observe people’s behavioral response toward
the robot. The second perspective (DR) is related to the
development of cognitive neural networks in the robot that
would allow it to autonomously gain sensorimotor and mental
capabilities with growing complexity, starting from intricate
evolutionary principles. From these premises, the next two
paragraphs briefly outline current findings concerning the effect
that physical features of the HSRs have on human perception,
thus outlining the phenomenon of anthropomorphism, and a
recent methodology devised to measure it.

Anthropomorphism
Anthropomorphism is a widely observed phenomenon in
human–robot interaction (HRI; Fink et al., 2012; Airenti, 2015;
Złotowski et al., 2015), and it is also greatly considered in
the design of robots (Dario et al., 2001; Kiesler et al., 2008;
Bartneck et al., 2009; Sharkey and Sharkey, 2011; Zanatto et al.,
2016, 2020). In psychological terms, anthropomorphism is the
tendency to attribute human characteristics, physical and/or
psychological, to non-human agents (Duffy, 2003; Epley et al.,
2007). Several studies have shown that humans may perceive
non-anthropomorphic robots as anthropomorphic, such as
Roomba (a vacuum cleaner with a semi-autonomous system;
Fink et al., 2012). Although anthropomorphism seems to be
a widespread phenomenon, the attribution of human traits to
anthropomorphic robots is significantly greater compared to
non-anthropomorphic robots. A study by Krach et al. (2008)
Frontiers in Psychology | www.frontiersin.org
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further shown that already from three years of age, children fairly
differentiate a human from a robot in terms of mental abilities
(Di Dio et al., 2020a), although younger children appear to be
more inclined to anthropomorphize robots compared to older
children. This effect may be due to the phenomenon of animism,
particularly active at three years of age (Di Dio et al., 2020a,b).

In addition, a database has recently been created that collects
more than 200 HSRs classified according to their level of human
likeness (Phillips et al., 2018). In this study the NAO robot
was classified with a score of about 45/100, in particular thanks
to the characteristics of its face and body. Robovie and other
similar robots were classified with a score ranging between 27
and 31/100, deriving mainly from body characteristics. These
findings corroborate the hypothesis that NAO and Robovie are
two HSRs with different levels of human-likeness due to their
physical anthropomorphic features.
The interest in observing the effect of different physical
characteristics of robots in terms of attribution of intentions,
understanding, and emotions has also been investigated in
children (Bumby and Dautenhahn, 1999; Woods et al., 2004;
Woods, 2006). In particular, a study by Woods (2006), comparing
40 different robots, revealed that children experience greater
discomfort with robots that look too similar to humans, favoring
robots with mixed human-mechanical characteristics. These
results were confirmed in a recent study by Tung (2016) showing
that children preferred robots with not too many human-like
features over robots with many human characteristics. Overall,
these results suggested that an anthropomorphic design of
HSRs may increase children’s preference toward them. Still, an
excessive implementation of human features can negatively affect
the attribution of positive qualities to the robot, again in line with
the Uncanny Valley effect above.

Aim of the Study
The present study aimed to investigate the attribution of mental
states (AMS) in children aged 5–9 years to two humanoid robots,
NAO and Robovie, varying in their anthropomorphic physical
features (DiSalvo et al., 2002; Duffy, 2003). Differences in the
attribution of mental qualities to the two robots were then
explored using the robots’ degree of physical anthropomorphism
and the child’s chronological age. The two humanoid robots,
NAO and Robovie, have been selected for two main reasons:
(1) in relation to their physical appearance, both robots
belong to the category of HSRs, but differ for their degree of
anthropomorphism (for a detailed description of the robots,
see section "Materials"); (2) both robots are largely used in
experiments with children (Kanda et al., 2002; Kose and
Yorganci, 2011; Kahn et al., 2012; Shamsuddin et al., 2012;
Okumura et al., 2013a,b; Tielman et al., 2014; Cangelosi and
Schlesinger, 2015, 2018; Hood et al., 2015; Di Dio et al., 2020a,b).
In light of previous findings associated with the use of these
specific robots described above, we hypothesized the following:
(1) independent of age, children would distinguish between
humans and robots in terms of mental states by ascribing lower
mental attributes to the robots; (2) children would tend to
attribute greater mental qualities to NAO compared to Robovie
because of its greater human-likeness; and (3) younger children
would tend to attribute more human characteristics to robots (i.e.,
to anthropomorphize more) than older children.

Attribution of Mental States
Different scales were developed to measure psychological
anthropomorphism toward robots in adults. These scales
typically assess attribution of intelligence, personality and
emotions, only to mention a few. In particular, the attribution
of internal states to the robot, i.e., to have a mind, is widely
used and very promising in HRI (Broadbent et al., 2013;
Stafford et al., 2014).
In psychology, the ability to ascribe mental states to others
is defined as the Theory of Mind (ToM). Theory of mind
is the ability to understand one’s own and others’ mental
states (intentions, emotions, desires, beliefs), and to predict
and interpret one’s own and others’ behaviors on the basis
of such meta-representation (Premack and Woodruff, 1978;
Wimmer and Perner, 1983; Perner and Wimmer, 1985). Theory
of mind abilities develop around four years of age, becoming
more sophisticated with development (Wellman et al., 2001).
Theory of mind is active not only during humans’ relationships
but also during interactions with robots (for a review, see
Marchetti et al., 2018).
Recent studies have shown that adults tend to ascribe greater
mental abilities to robots that have a human appearance (Hackel
et al., 2014; Martini et al., 2016). This tendency to attribute human
mental states to robots was also observed in children. Generally,
children are inclined to anthropomorphize robots by attributing
psychological and biological characteristics to them (Katayama
et al., 2010; Okanda et al., 2019). Still, they do differentiate
between humans and robots’ abilities. A pioneering study by
Itakura (2008) investigating the attribution of mental verbs to a
human and a robot showed that children did not attribute the
epistemic verb "think" to the robot. More recent studies have
Frontiers in Psychology | www.frontiersin.org

MATERIALS AND METHODS
Participants
Data were acquired on 189 Italian children from kindergarten
and primary school age. The children were divided into three
age groups for each robot as follows: (1) for the NAO robot,
5 years (N = 24, 13 females; M = 68.14; SD = 3.67); 7 years
(N = 25, 13 females; M = 91.9; SD = 3.43); and 9 years (N = 23, 12
females; M = 116.38, SD = 3.91); (2) for the Robovie robot, 5 years
(N = 33, 13 females; M = 70.9, SD = 2.95); 7 years (N = 49, 26
females; M = 93.4, SD = 3.62); and 9 years (N = 35, 15 females;
M = 117.42, SD = 4.44). The initial inhomogeneity between
sample sizes in the NAO and Robovie conditions were corrected
by the random selection of children in the Robovie condition,
caring to balance by gender. Accordingly, the sample for the
Robovie condition used for statistical analysis was composed as
follows: 5 years (N = 24, 8 females; M = 70.87, SD = 3.1); 7 years
(N = 25, 14 females; M = 92.6, SD = 3.73); and 9 years (N = 23,
10 females; M = 117.43, SD = 4.62). The children’s parents
received a written explanation of the procedure of the study, the
measurement items, and gave their written consent. The children
were not reported by teachers or parents for learning and/or
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socio-relational difficulties. The study was approved by the Local
Ethic Committee (Università Cattolica del Sacro Cuore, Milan).

human-like features: two eyes and a microphone that looks like a
mouth (DiSalvo et al., 2002). Robovie is an HSR that can be rated
as average in the continuum of mechanical-humanlike (Ishiguro
et al., 2001; Kanda et al., 2002; MacDorman, 2006). NAO is a HSR
with more pronounced anthropomorphic features compared to
Robovie: two legs, two arms, and two hands with three moving
fingers (Figure 1C). Besides, the face can be classified as “iconic”
and consists of three cameras suggesting two eyes and a mouth.
However, considering the whole body and the more detailed
shape of the face, NAO is a HSR that can be rated as more
human-like than Robovie (DiSalvo et al., 2002; MacDorman,
2006; Phillips et al., 2018).

Materials, Task, and Procedure
Materials
The two HSRs selected for this study were the Robovie robot
(Hiroshi Ishiguro Laboratories, ATR; Figure 1B) and the NAO
robot (Aldebaran Robotics, Figure 1C). We chose these two
robots because, although they both belong to the category of
HSRs, they differ in their degree of anthropomorphic features
(DiSalvo et al., 2002; Duffy, 2003; MacDorman, 2006; Zhang et al.,
2008; Phillips et al., 2018). Robovie is a HSR with more abstract
anthropomorphic features: no legs but two driving wheels to
move, two arms without hands. In particular, the head can be
considered “abstract” (Duffy, 2003) because of two important

Attribution of Mental States
The AMS questionnaire1 is a measure of mental states
that participants attribute to when they look at images
depicting specific characters, in this case a human (female
or male based on the participant’s gender; Figure 1A),
and, according to the group condition, the Robovie or the
NAO robot (Figures 1B,C). The AMS questionnaire was
inspired by the methodology described in Martini et al.
(2016) and is already used in several experiments with
children (Manzi et al., 2017; Di Dio et al., 2019, 2020a,b).
The construction of the content of the questionnaire is
based on the theoretical model of Slaughter et al. (2009)
on the categorization of children’s mental verbs resulting
from communication exchanges between mother and child.
This classification divides mental verbs into four categories:
perceptive, volitional, cognitive, and dispositional. For the
creation of the AMS questionnaire an additional category
related to imaginative verbs has been added. We considered
it necessary to distinguish between cognitive, epistemic, and
imaginative states, since – especially for the robot – this
specification enables the analysis of different psychological
processes in terms of development. The AMS therefore consists
of five dimensions: Perceptive, Emotive, Desires and Intentional,
Imaginative, and Epistemic.
The human condition was used as a baseline measure to
evaluate children’s ability to attribute mental states. In fact,
as described in the results below, children scored quite high
when ascribing mental attributes to the human character, thus
supporting children’s competence in performing the mental
states attribution task. Also, the human condition was used as
a comparison measure against which the level of psychological
anthropomorphism of NAO and Robovie was evaluated. The
Cronbach’s alfa for each category is as follows: Perceptive
(α = 0.8), Emotive (α = 0.8), Desires and Intentional (α = 0.8),
Imaginative (α = 0.8), and Epistemic (α = 0.7).
Children answered 25 questions grouped into the five different
state categories described above (see Appendix 1 for the specific
items). The child had to answer "Yes" or "No" to each question,
obtaining 1 when the response is “Yes” and 0 when the response is
“No”. The sum of all responses (range = 0–25) gave the total score
(α = 0.9); the five partial scores were the sum of the responses
within each category (range = 0–5).

FIGURE 1 | The AMS images: (A) the Human condition (male and female),
(B) Robovie robot, and (C) the NAO robot.
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Procedure

TABLE 1 | Statistics comparing the attribution of all AMS dimensions (Perceptive,
Emotive, Intentions and Desires, Imaginative, Epistemic).

The children were tested individually in a quiet room inside their
school. Data acquisition was carried out by a single researcher
during the normal school activities.
The experimenter showed each child the image on a paper
depicting a human - gender matched - and one of the two
robots, NAO or Robovie. The presentation order of the image human and robot- was randomized. Afterward, the experimenter
asked children the questions on the five categories of the AMS
(Perceptive, Emotive, Intentions and Desires, Imaginative, and
Epistemic). The presentation order of the five categories was also
randomized. The total time required to complete the test was
approximately 10 min.

Dimension

Mental States

Perceptive

Emotive

0.203

0.08

0.122

Int&Des

−0.354*

0.071

0.000

0.525*

0.075

0.000

Imaginative
Emotive

Imaginative

Data Analysis
To evaluate the effect of age, gender, states, agent, and type of
robots on children’s mental state attribution to robots, a GLM
analysis was carried out with five levels of states (Perceptive,
Emotive, Intentions and Desires, Imaginative, and Epistemic)
and two levels of agent (Human, Robot) as within-subjects
factors, and age (5-, 7-, 9-year-olds), gender (Male, Female)
and robot (Robovie, NAO) as the between-subjects factor.
The Greenhouse-Geisser correction was used for violations of
Mauchly’s Test of Sphericity (p < 0.05). Post hoc comparisons
were Bonferroni corrected.

Epistemic

Sign.

−0.089

0.069

1

Perceptive

−0.203

0.08

0.122

Int&Des

−0.557*

0.074

0.000

0.322*

0.072

0.000

−0.292*

0.079

0.004

Perceptive

0.354*

0.071

0.000

Emotive

0.557*

0.074

0.000

Imaginative

0.879*

0.071

0.000

Epistemic

0.265*

0.067

0.001

Perceptive

−0.525*

0.065

0.000

Emotive

−0.322*

0.070

0.000

Int&Des

−0.879*

0.068

0.000

Epistemic

−0.614*

0.074

0.000

Perceptive

0.089

0.065

1

Emotive

0.292*

0.070

0.004

Int&Des

−0.265*

0.068

0.001

0.614*

0.074

0.004

Epistemic

RESULTS

Err. Stan.

Epistemic

Imaginative
Int&Des

Mdiff

Imaginative

Based on estimated marginal averages *The average difference is significant at the
level of b Adaptation for multiple comparisons: Bonferroni. Significant values are in
bold.

DISCUSSION AND CONCLUSION

Results

Discussion

The results showed (1) a main effect of agent, F(1, 126) = 570.9,
p < 0.001, partial-η2 = 0.819, δ = 1, indicating that children
attributed greater mental states to the human (M = 4.6, SD = 0.27)
compared to the robot (M = 2.7, SD = 0.21; Mdiff = 1.75,
SE = 0.087); (2) a main effect of states, F(4,504) = 40.33, p < 0.001,
partial-η2 = 0.243, δ = 1, mainly indicating that children
attributed greater intention and desires and lower imaginative
states (for a full description of the statistics, see Table 1); (3) a
main effect of robot, F(1,126) = 39.4, p < 0.001, partial-η2 = 0.238,
δ = 1, showing that children attributed greater mental states to
NAO (M = 3.98, SD = 0.17) compared to Robovie (M = 3.4,
SD = 0.14; Mdiff = 0.568, SE = 0.099).
A two-way interaction was also found between (1) states and
agent, F(1,126) = 16.51, p < 0.001, partial-η2 = 0.183, δ = 1 (for a
detailed description of the differences see Table 2), and (2) agent
and age, F(2,126) = 25.17, p < 0.001, partial-η2 = 0.285, δ = 1,
showing that 5-year-old children attributed greater mental states
to the robotic agents compared to older children (see Table 2).
Additionally, we found a three-way interaction between states,
age, and robot, F(8,126) = 4.95, p < 0.001, partial-η2 = 0.073,
δ = 1. The planned comparisons on the three-way interaction
revealed that children attributed greater mental states to NAO
compared to Robovie, with the youngest children differentiating
on the Perceptive and Epistemic dimensions, and with this
difference spreading to all dimensions (but imaginative) in the
older children (see Figure 2).

In the present study we compared the AMS in children aged 5–
9 years between two HSRs, NAO and Robovie, also with respect
to a human. The aim was to explore children’s patterns of mental
attribution to different types of HSRs, varying in their degree of
physical anthropomorphism, from a developmental perspective.
Our results on the AMS to the human and robot generally
confirmed the tendency of children to ascribe lower human
mental qualities to the robots, thus supporting previous findings
(Manzi et al., 2017; Di Dio et al., 2018, 2019, 2020a,b). In
addition, children generally attributed greater mental states to the
NAO robot than to the Robovie robot, although differences were
found in the quality of mental states attribution as a function
of age, with older children discriminating more between the
types of robots that the younger ones. As a matter of fact,
the important role played by the type of robot in influencing
children’s AMS can be appreciated by evaluating differences in
state attribution developmentally.
Firstly, 5-year-old children generally attributed greater
human-like mental states to the robotic agents compared to older
children. Additionally, while 5-year-old children discriminated
between robots’ mental attribution only on the perceptive and
epistemic dimensions – with the NAO robot being regarded
as more anthropomorphic than Robovie –, children aged 7
and 9 years were particularly sensitive to the type of robots,
and attributed greater mental states to NAO than Robovie
on most of the tested mental state dimensions. From a
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TABLE 2 | Statistics comparing the attribution of all AMS dimensions (Perceptive, Emotive, Intentions and Desires, Imaginative, Epistemic) and the AMS for the two
agents (Human, Robot) across ages (5-, 7- and 9-years).
Human
Age

State
Perceptive

Emotive

Imaginative

Epistemic

Err. Stan.

Sign.

Mdiff

Err. Stan.

Sign.
0.05

5 vs 7

−0.558*

0.103

0.000

0.443*

0.182

5 vs 9

−0.558*

0.104

0.000

0.620*

0.183

0.003

7 vs 9

−0.108

0.101

0.866

0.177

0.179

0.97

Dimensions

Mdiff

Err. Stan.

Sign.

Mdiff

Err. Stan.

Sign.

Emotive

0.405*

0.202

0.608

7,63E-05

−0.351

Int&Des

0.307*

0.121

0.493

−0.015*

−1.35

0.351
−0.681

Imaginative

0.674*

0.458

0.89

0.376*

0.048

0.704

Epistemic

0.218*

0.087

0.35

−0.396*

−0.758

−0.035

Perceptive

−0.405*

−0.608

−0.202

−7,63E-05

−0.351

0.351

Int&Des

−0.098

−0.323

0.126

−1.016*

−1.366

−0.665

Imaginative
Int&Des

Mdiff

Robot

0.046

0.492

0.376*

0.052

Epistemic

−0.187

0.269*

−0.401

0.028

−0.396*

−0.767

Perceptive

0.7
−0.025

−0.307*

−0.493

−0.121

1.015*

0.681

1.35

Emotive

0.098

−0.126

0.323

1.016*

0.665

1.366

Imaginative

0.367*

0.119

0.616

1.391*

1.078

1.705

0.096

0.619*

0.296

0.942

−0.704

−0.048

Epistemic

−0.088

−0.272

Perceptive

−0.674*

−0.89

−0.458

−376*

Emotive

−0.269*

−0.492

−0.046

−0.376*

−0.7

−0.052

Int&Des

−0.367*

−0.616

−0.119

−1.391*

−1.705

−1.078

Epistemic

−0.456*

−0.681

−0.23

−0.772*

−1.112

−0.432

Perceptive

−0.218*

−0.35

−0.087

0.396*

0.035

0.758

Emotive

0.187

−0.028

0.401

0.396*

0.025

0.767

Int&Des

0.088

−0.096

0.272

−0.619*

−0.942

−0.296

Imaginative

0.456*

0.23

0.681

0.772*

0.432

1.112

Based on estimated marginal averages *The average difference is significant at the level of b Adaptation for multiple comparisons: Bonferroni. Significant values are in
bold.

developmental perspective, the tendency of younger children
to anthropomorphize HSRs could be reasonably explained by
the phenomenon of animism (Piaget, 1929). Already Piaget
in 1929 suggested that children younger than 6 years tend to
attribute a consciousness to objects, i.e., the phenomenon of
animism, and that this fades around 9 years of age. Recently, this
phenomenon has been defined as a cognitive error in children
(Okanda et al., 2019), i.e., animism error, characterized by a
lack of differentiation between living and non-living things.
In this respect, several studies showed that, although children
are generally able to discriminate between humans and robots,
children aged 5–6 years tend to overuse animistic interpretations
for inanimate things, and to attribute biological and psychological
properties to robots (Katayama et al., 2010; Di Dio et al., 2019,
2020a,b), in line with the results of this study. Interestingly,
we further found a difference in emotional attribution to NAO
between 5-year-olds and 7- and 9-year-old children: younger
children attributed lower emotions to NAO compared to the
older ones. This result may seem counterintuitive in light of
what we discussed above; however, by finely looking at the scores
obtained from the 5-year-olds for each single emotional question,
we found that younger children attributed significantly lower
negative emotions to NAO compared to the other age groups,
favoring positive emotions (χ2 < 0.01). This resulted in an overall
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decrease of scores in the emotional dimension for the young
children. Therefore, not only does this result not contradict
the idea of a greater tendency to anthropomorphize robots in
younger children compared to older ones, but also highlights
that 5-years-olds perceive NAO as a positive entity that cannot
express negative emotions such as anger, sadness, and fear: the
“good” play-partner.
From the age of 7, children’s belief of the robots’ mind
is significantly affected by a sensitivity to the type of the
robot, as shown by differences between NAO and Robovie
on most mental dimensions, except for Imaginative. The lack
of differences between robots on the Imaginative dimension
(for all age-groups), which encompasses psychological processes
like pretending, and making jokes, appears to be regarded
by children as a human prerogative. Interestingly, this result
supports findings from a previous study (Di Dio et al., 2018)
that compared 6-year-old children’s mental state attribution to
different entities (human, dog, robot, and God). Also, in that
study, imagination was specific to the human entity.
Generally, the findings for older children indicate that the
robot’s appearance does affect mental state attribution to the
robot, and this is increasingly evident with age. However, the
judgment of older children could also be significantly influenced
by the robot’s behavioral characteristics, as demonstrated in
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FIGURE 2 | (A–E) Children’s scores on the attribution of mental states (AMS) scale. AMS mean scores for the Human (white bar), for Robovie robot (black bar), and
NAO robot (gray bar) for each state (Perceptive, Emotions, Intentions and Desires, Imagination, and Epistemic) as a function of age group (5-, 7-, and 9-year-olds).
The bars represent the standard error of the mean. *Indicates significant differences. The red lines indicate the differences between agents (Human, Robot); the blue
lines indicate the differences between ages (5-, 7-, and 9-year-olds); the black lines indicate the differences between robots (Robovie, NAO).

a long-term study conducted with children aged 10–12 years
(Ahmad et al., 2016). In this study, children played a snakes and
ladders game with a NAO robot three times across 10 days, whose
behavior in terms of personality for a social robot in education

Frontiers in Psychology | www.frontiersin.org

was adapted to maintain and create long-term engagement and
acceptance. It was found that children positively reacted to the
use of the robot in education, stressing a need to implement
robots that are able to adapt based on previous experiences in
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real time. Of course, this is very much in line with the great
vision of disciplines such DR (Cangelosi and Schlesinger, 2015)
and DC (Itakura, 2008). In this respect, it is also important to
consider further aspects related to the effectiveness in human
relations of constructs such as understanding the perspective
of others (e.g., Marchetti et al., 2018) and empathy, on which
several research groups are actively working. For example, in an
exploratory study Serholt et al. (2014) highlighted the perceived
need both for teachers and learners to deal with robots showing
such a competence.
In the same vein, other studies that used Robovie as an
interactive partner in educational contexts, have also shown that
when the robot is programed to facilitate interactional dynamics
with children, it can be considered by the children as a group
member and even part of the friendship circle. In these studies,
the robot is typically programed to act as an effective social
communicative partner using strategies, like calling children by
their name, or adapting the interactive behaviors for each child
by means of behavioral patterns drawn from developmental
psychology (Kanda et al., 2007; see also, Kahn et al., 2012).
The study by Kahn et al. (2012) further showed that after
interacting with Robovie, most children believed that Robovie
had mental states (e.g., was intelligent and had feelings) and
was a social being (e.g., could be a friend, offer comfort, and be
trusted with secrets).
The above studies highlight the prospective use of robots,
particularly in the educational field. However, in reality, today’s
robots are not yet able to sustain autonomous behavior in
the long term, even though research is actively laying a good
foundation for this. What we can certainly work on with
direct effects on children’s perception of the mental abilities of
robots are their physical attributes. By outlining differences in
mental states attribution to different types of humanoid robots
across ages based on robots’ physical appearance, our findings
could help map the design of humanoid robots for children:
in early ages, robots can display more abstract and mechanical
features (possibly also due to the phenomenon of animism
as described above); conversely, in older ages, the tendency
to anthropomorphize robots is at least partially affected by
the design of the robot. However, it has to be kept in mind
that excessive human-likeness may be felt as uncomfortable,
as suggested by findings showing that children experience less
discomfort with robots displaying both human and mechanical
features compared to robots whose physical features markedly
evoke human ones (Bumby and Dautenhahn, 1999; Woods et al.,
2004; Woods, 2006). Excessive resemblance to the human triggers
the Uncanny Valley effect (the more the appearance of robots is
similar to humans, the higher the sense of eeriness). These data
suggest that a well-designed HSR for children should combine
both human and mechanical dimensions, which, in our study,
seems to be better represented by the NAO robot.

attributions of mental states in children. More specifically, our
findings suggest that children’s age is an important factor to
consider when designing a robot, and provided us with at
least two important insights associated with the phenomenon
of anthropomorphism from a development perspective, and the
design of HSRs for children. Anthropomorphism seems to be a
widespread phenomenon in 5-year-olds, while it becomes more
dependent on physical features of the robot in older children,
with a preference ascribed to the NAO robot that is perceived as
more human-like. This effect may then influence the design of
robots, which can be more flexible in terms of physical features,
as with Robovie, when targeted to young children.
Overall, our results suggest that the assessment of HSRs in
terms of mental states attribution may represent a useful measure
for studying the effect of different robots’ design for children.
However, it has to be noted that the current results involved only
two types of HSRs. Therefore, future studies will have to evaluate
the mental attribution to a greater variety of robots by also
comparing anthropomorphic and non-anthropomorphic robots,
and across different cultures. In addition, in future studies it will
be important to assess children’s socio-cognitive abilities such as
language, executive functions, and ToM, to analyze the effect of
these abilities on the AMS to robots developmentally. Finally,
this study explored the mental attributions through images
depicting robots. Future studies should include a condition
where children interact with the robots in vivo to explore the
intersectional effect between the robot’s physical appearance and
its behavioral patterns. This would enable us to highlight the
relative weight of each factor on children’s perception of the
robots’ mental competences.

CONCLUSION
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APPENDIX 1
Attribution of Mental States (AMS)
I will show you an image of a girl/boy/robot (to be selected depending on condition). I will ask you some questions about her/him/it
(depending on condition). You can answer Yes or No to the questions.
Dimensions (5) and questions (25)
Perceptive
Do you think she/he/it can smell?
Do you think she/he/it can see?
Do you think she/he/it can taste?
Do you think she/he/it can hear?
Do you think she/he/it can feel hot or cold?
Emotive
Do you think she/he/it can get angry?
Do you think she/he/it can be scared?
Do you think she/he/it can be happy?
Do you think she/he/it can be surprised?
Do you think she/he/it can be sad?
Intentions and desires
Do you think she/he/it may have the intention to do something?
Do you think she/he/it might want to do something?
Do you think she/he/it might be willing to do something?
Do you think she/he/it can make a wish?
Do you think she/he/it might prefer one thing over another?
Imaginative
Do you think she/he/it can tell a lie?
Do you think she/he/it can pretend?
Do you think she/he/it can imagine?
Do you think she/he/it can make a joke?
Do you think she/he/it can dream?
Epistemic
Do you think she/he/it can understand?
Do you think she/he/it can make a decision?
Do you think she/he/it can learn?
Do you think she/he/it can teach?
Do you think she/he/it can think?
http://www.teoriadellamente.it, “Strumenti” section.
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