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ARTICLE INFO ABSTRACT

Keywords: Joint action, generally defined as working together towards a common purpose, has become an
Joint actions important concept in many areas of cognitive science, from philosophical appraisal of its core
Infancy

concepts to empirical mapping of its psychological development. Within mainstream cognitive

??::dmd social cognition accounts, to engage in a joint action requires an inferential process of representing the other’s

Sequentiality intentions and plans to enable social coordination for a shared goal. However, growing

Prospectivity endorsement of a contrasting view from embodied and situated accounts of social cognition
proposes that joint action is better understood as a dynamic, situated interactional process where
participants “roll into” joint action without requiring reflective or representational awareness of
it. This work proposes a rethinking of how we conceive the nature of action and its development
as joint action early in human life. With particular reference to developmental studies, we
advance a rationale for the conceptual framework of joint action to include its temporal and
sequential structures, and their intrinsic prospective qualities of human action, solitary or shared,
as key analytical aspects for the study of how infants understand and share meaning with another,
in joint interaction.

Introduction

Human activity is organised to take others into account.
Fasulo, A. & Pontecorvo, C. (1999)

Joint action, defined as working together towards a common purpose, has become an important concept in many areas of cognitive
science, from its philosophical implications to its role in learning and social cognition in developmental and comparative psychology.
At the root of joint action is its structure as both a psychological and physical phenomenon. On the one hand it is structured and
directed by the private knowledge, interests and intentions of the individual, and on the other it is publicly manifest in motor
behaviour and available for sharing within a social context. How the nature of action is changed by social engagements is a funda-
mental question for understanding the development of social cognition, our exceptional human capacity to know other minds and to
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share in their interest and intentions.

There are, however, very different notions of what jointly acting means and what forms of jointness are required for what kinds of
actions'. Within mainstream cognitive accounts, joint action has been often framed as an individual mental activity, which is then
shared in communication with another. That is, as a two-step process where interactants rely first on their internal representational
mechanisms to make sense of what the other partner intends to do, then to design their own actions to match those of their partner, for
example, to direct action toward a common goal. However, this view has been criticised by embodied and situated researchers in
philosophy, psychology, and neuroscience as inescapably individualistic, mentalistic, and static, failing to take into account the
moment-by-moment dynamic unfolding of inter-acting between individuals (see, for instance, works by Bréten, 2003; Costall, 2013;
De Jaegher & Di Paolo, 2007; De Jaegher, Di Paolo, & Gallagher, 2010; Fantasia, Fasulo, Costall, & Lopez, 2014a; Gallagher, 2008a;
Leudar & Costall, 2009; Reddy, 2008; Reddy & Morris, 2009; Trevarthen & Delafield-Butt, 2013; Trevarthen, 2016). In this paper, we
address this subtle but significant difference of perspective to advance a redefinition of joint action useful for researchers whose work is
framed within a continuum of perspectives from mainstream cognitive to embodied accounts. This redefinition is supported by
attention to early human engagements in shared, co-created sense-making practices, with particular focus on social routines in infancy.
Social routines are temporally organised activities situated in specific time and space contexts. They serve as unique contexts for the
generation of social meaning through active participation of both adult and infant, presenting the earliest cases of meaning-making in
human life. Importantly, these interactional routines are always embodied and as such, are necessarily structured by the temporal and
sequential order of action. This organisational structure is important for understanding the psychological and physical nature of joint
action.

Although there is significant overlap between cognitively-focused approaches and more embodied or situated views of social
cognition — and intentionality in particular — attributes of how humans make sense and share intentions vary significantly according to
different theories and positions. They usually include a joint commitment to a goal, mutual responsiveness, and support in pursuing
that commitment, understanding, and willingness for role-reversal (Bratman, 1992; Tomasello & Moll, 2010). Heesen and colleagues
(2017) recently proposed to define shared intentionality “as a transient state of collective being that participants in joint action strive
to attain and maintain, or in the terminology of conversation analysis, as an interactional achievement” (Schegloff, 1995, p. 392). A
mainstream cognitive view of joint action frames it as an inferential process with emphasis on its underlying cognitive processes and
their constitutive mechanisms at both the individual and the collective level (Bratman, 1992; Tuomela, 2005; for a recent overview, see
Sebanz & Knoblich, 2021). Research within this view has investigated the emergence of children’s capacity to coordinate and
cooperate in joint actions as an index of developing mind-reading abilities (for a comprehensive discussion, see Tomasello, 2019).

By contrast, studies adopting ecological, dynamic and processual views of inter-actions have broadened the definition of joint
action to a form of acting together, an interactional process where participants can “roll into” joint action without necessarily having
reflective awareness, or an explicit intent towards it (Fantasia et al., 2014b). In this view, the meaning of one’s own and others’
behaviours are negotiated along the ‘interactional way’ through a participatory processes of sense- and meaning-making (De Jaegher &
Di Paolo, 2007; De Jaegher, Perakyla & Stevanovic, 2016; Trevarthen, & Aitken, 2001; Trevarthen, & Delafield-Butt, 2015). Under this
conceptual framework, some developmental researchers have looked at the daily ecologies of infants and young children’s lives to
understand how individual, sociocultural, and environmental dimensions shape the developmental pathways towards becoming
competent participants in social activities o in everyday human ecologies (e.g., Gratier & Apter-Danon, 2009; Reddy, 2008).

Our work pursues three aims. First, to revisit mainstream cognitively-oriented developmental accounts of joint action as individual
endeavours based on children’s representational capacities (such as the ability to infer others’ intentions). Second, to counterbalance
this standard view with an embodied, dynamic and ecological view of ‘second person’ perspectives in joint action. Third, to advance
time and sequence as essential elements for investigating how infants understand and share meaning with others in joint action'. This
final step is achieved by attending to a fundamental aspect of action not previously considered in mainstream cognitive approaches and
seldom explicitly addressed in embodied ecological accounts: that of its prospective quality and its necessary sequential organisation.
These key elements of joint action require consideration in future research, and empirical measurement and analysis.

Cognitively-oriented accounts of joint action

Mainstream developmental research in joint action has focused on children’s ability to understand, share, and coordinate with
others’ intentions towards the accomplishment of a shared task. This view is grounded in philosophical accounts concerned with
concepts such as shared or collective agency and so-called ‘we intentionality’ (Gilbert, 2013; Tuomela, 2005). These accounts maintain
that sharing intentions is a necessary pre-requisite for a type of joint action where interactants share a commitment to perform a certain
task with a clear end-goal, by formulating predictions upon the other agent’s intention to achieve the same goal (Bratman, 1992;
Gilbert, 2013; Pacherie, 2006; Tomasello & Carpenter, 2007, Tomasello, Carpenter, Call, Benhe & Moll, 2005; Schweikard & Schmid,
2013). Jointly acting is therefore based on the premise that each agent must be able to take an intentional stance on her own and her
partner’s plan to perform one (or more) action(s), upon engaging in the shared action, so that “in addition to representing single
actions, joint action partners also represent other aspects of each other’s tasks, such as the order in which actions are to be performed”

1 For the purposes of the present work, the terms shared, joint or collective are used interchangeably in referring to actions and/or intentions. Well
aware of the philosophical arguments that maintain conceptual differences between these terms, a debate defending differences within those terms
is beyond the scope of this work. Please refer to Schweikard and Schmid (2013), for a recent historical overview of those terms (collective
intentionality, collective emotions, joint actions).



V. Fantasia and J. Delafield-Butt Developmental Review 69 (2023) 101091

(Sebanz & Knoblich, 2021, p. 141).
Representational mechanisms grounding joint action development

Developmental research has extensively committed towards pinning down the origins of intentional engagements in joint actions
and their shaping factors. Parental scaffolding is one key element: the strategies and approaches used by parents to encourage chil-
dren’s cooperative participation in joint tasks differ according to the children’s age: at 18-month-olds, parents emphasised concrete,
action-oriented task-based strategies, whereas, at 24-month-olds, they used more abstract reasoning strategies (Waugh, Brownell, &
Pollock, 2015).

The emergence of joint action capacities has endorsed an equally inferential view proposing that children’s capacity to participate
in shared action is grounded in the development of basic representational mechanisms, such as mindreading and perspective-taking,
and is tightly connected with imitative and cooperative skills. Selected abilities have been tested through experimental paradigms at
specific developmental time points as indexes of this emerging capacity. Typically adopted paradigms include tasks aimed at eliciting
and testing how children engage in structured, pre-set joint activities, such as those involving simultaneous coordination of movements
and role-exchange or adapted versions of the prisoner’s dilemma (Brownell and Carriger, 1990; Warneken, Chen & Tomasello, 2006)
The underlying scope shared by these paradigms is to track the development of the cognitive underpinnings that enable young children
(1) to share attentional focus (Conte, Grazzani & Pepe, 2018) to coordinate co-actions towards a shared goal (Satta et al., 2017); (2) to
construct a meaningful mental representation of the other’s intention based on a reading of their behaviours (Brownell & Carriger,
1990; Brownell, Ramani & Zerwas, 2006; Butterfill, 2012); and (3) to become cognisant of, and to coordinate with another’s point of
view in a functional task (Butterfill, 2012; Milward, Kita & Apperly, 2014; Tomasello, Carpenter, Call, Behne, & Moll, 2005). War-
neken and colleagues (Warneken & Tomasello 2007; Warneken, Chen & Tomasello, 2006), for instance, investigated infants’ capacity
to coordinate actions in a series of shared but individually performed joint tasks, such as retrieving an object from a vertically movable
cylinder embedded in a platform. They presented evidence that fourteen-months-old infants reliably helped a partner unable to
achieve a goal, but only engaged successfully in tasks demanding low co-coordination; eighteen-months-old infants, instead, showed
better coordination capacities, bringing evidence for an early emerging mental capacity [to] “understand another person’s unfulfilled
goal and altruistically help him or her to achieve it” (2007, p. 290). This feature was already observed at fourteen months, but
“coordinating joint actions toward a joint goal seem[ed] to require cognitive and behavioral skills that [were] only beginning to
emerge at this age” (p. 291).

More specifically, the capacity to distinguish and (distinctively) represent one’s own intentional behaviour from those of others has
been regarded as the hallmark of acting towards a joint goal (and, eventually, sharing intentions to do so). In children, according to the
cognitive model, this is believed to emerge around the second year of age, indexed by behaviours indicating a capacity “to represent,
monitor and regulate both their own and the partner’s behaviour relative to their relation to a single, common goal” (Brownell &
Carriger, 1990, p.1165). Brownell and colleagues (Brownell & Carriger, 1990; Brownell, Ramani & Zerwas, 2006) designed a series of
tasks to pinpoint at what age young children display “... the ability to cooperate with peers, becoming a true social partner”. They
observed that 24-month-old children (but not younger) successfully engaged in a shared problem-solving task where they had to
simultaneously or sequentially pull one handle of a wooden box to activate a musical toy with another child. Authors interpreted the
successful accomplishment of the joint task as evidence that (1) this type of task implied “being able to represent and to share goals and
intentions with a partner to engage in shared cooperative activities” (p. 806); and (2) mastering of representational abilities (of the
kind described) is key in children’s emerging ability to successfully engage in joint actions. Using a conceptually similar paradigm
(cooperation in a problem-solving task), Hamann, Warneken Tomasello (2012) proposed that a developmental shift in intention
understanding, and attribution may be reflected in how children understand and respond to the normative dimensions of a collabo-
rative activity between 2 and 3 years of age.

While there is little doubt that mainstream developmental research has provided us with a rich understanding of how and when, in
developmental time, young children can engage in joint coordination of interdependencies with peers or adults, including movements,
gaze patterns, or nonverbal signs, we maintain that their contribution is limited in several aspects. One above all is circularity: on
developmental grounds, the proposal of high-level (representational) cognitive abilities as necessary prerequisites for engaging in
shared actions is clearly problematic. As Butterfill (2012) argued, under these accounts, “engaging in joint action involves sharing
intentions and sharing intentions requires much of the understanding of minds whose development is supposed to be explained by
appeal to joint action. ... So, if the leading [cognitive, our term] account were the whole truth about joint action, engaging in joint action
would presuppose, and therefore could not explain, much of the development of reasoning about others’ mental states” (p. 28). Infants’
and children’s “performance” in studies where joint or collaborative capacities are measured, such as those designed by mainstream
studies (see above) may be equally determined and shaped by an array of factors escaping the here-and-now of the interaction, as well
as their inferential reasoning skills. Below we discuss a few of what we see as major issues present in current developmental accounts of
joint actions.

a. Inter-actional abilities are context- and experience-dependant

Or, as de Barbaro and Fausey (2022) have put it, “what you do is what you learn”. Experience matters, even (or maybe even more
so) in the relatively short life of an infant. Everyday experiences vary within and across educational communities and families, and this
variation has implications for infants’ and children’s acquisition of skills and opportunities over time. For instance, the daily expe-
rience of being addressed as a speaker through infant-directed speech increases infants’ expressive vocabularies by 24 months, with
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important differences related to the extent (e.g., in terms of time during the day) to which children were exposed (Weisleder & Fernald,
2013). Playing with older siblings impacts the quality of social pretend play, resulting in longer and richer play sequences during
preschool age (Fantasia & Nomikou, 2022).

Motor skills inextricably shape and are shaped by bodily affordances and constraints within a given environment and its action
possibilities (Thelen, 1994). For instance, longer, increased opportunities to move independently accelerate sitting and walking
(Rachwani et al., 2020). Engaging in new sequences of actions is context- and experience-dependent (Adolph, 2019) as it entails
learning through practising new motor behaviours. Practising the same actions every day brings flexibility in how the action sequence
is performed and refines the motor patterns behind it, e.g., when infants’ outstretching arm movement gradually turns into a successful
reaching pattern towards an object (Thelen, 1995; Adolph and Hoch, 2019). Infants’ learning pathways vary significantly in the timing
of when and how motor, language or cognitive capacities appear (Iverson, 2021). Joint action research in infants and young children
has hardly taken this variability into account: they adopted pre-designed interactional tasks aimed at assessing joint problem-solving
activities and their underlying abilities (such as role-reversal, joint attention, or perspective-taking), with little or no reference to
infants’ daily experiences of sharing or witnessing activities around them (Fawcett & Liszkowski, 2012). Task structure and materials
employed might be unfamiliar, difficult to perform or even odd for infants, for instance, having to simultaneously pull two opposite
handles on a tube to retrieve an object or activate a toy: or coordinating movements to make a ball jump on a trampoline. Home
experience with objects, for instance, might differ from that required in experimental tasks, and motor skills or repertoire might not
transfer to other types of action sequences (Fantasia, De Jaegher & Fasulo, 2014b). New tasks may need more time to be competently
mastered, as research indicates that infants do not perceive affordances when they first acquire a new skill in development (Adolph &
Berger, 2015).

Caregiving styles and the quality of parent-child relationships also have different impacts on infants’ social learning experiences
and competencies. Individual differences in how caregivers structure the physical space at home (Rachwani et al., 2020), or their
attitude towards encouraging or restraining their infants’ movements, affect infants’ opportunities to sample their environment (see
Flores et al., 2019, for a review). For instance, infants’ initial reluctance to touch plants encountered in a public garden decreased as
parents approached those plants with exploratory gestures (e.g., by pinching or smelling their leaves), which infants then imitated
(Fantasia et al., 2021). Other “contextual” aspects concerning how interactional dynamics are learned and shaped are too often dis-
missed or overlooked, for instance, the impact of situated socio-cultural practices or norms around involving infants in shared activities
or the societal-based beliefs and practices about how to raise and educate its young members. The extensive works by Barbara Rogoff
on the cultural nature of human social cognition development (Rogoff, 2003) or the invaluable ethnographic studies by Elinor Ochs
(Schieffelin & Ochs, 1986) and Akira Takada (2020) provide evidence of the imprint that social-cultural practices and beliefs have in
shaping the participatory possibilities and restrictions offered to infants and young children in their daily interactional environments.
Such cultural differences are now flagged as important considerations in developmental research, but the extent to which these
“contextual” aspects, such as social experience, engagement history, and the types of activities valued by a culture, influence infants’
learning in joint actions over developmental time is an open question worthy of further investigation.

Endorsing an ecological stance to developmental investigations, that is, taking the situated context (or environment) in which
interactions are experienced seriously into account - including learning processes of how to coordinate actions and goals - may shed
light on the possibilities and restrictions of participation in social contexts and their impact on joint action capacities. Gibson’s early
observations that the ecological relationship of any organism, animal, or human being with its environment structured its affordances
(possibilities) for action (Gibson, 1988) is as relevant to understanding the psychological development of joint action today as it was
for Gibson’s original work on the role of action in perception. Karen Adolph discussed the importance of this self-environment coupling
from a developmental standpoint:

“Animals and their environments share a reciprocal relationship; together they form a behavioural ecosystem (Adolph & Berger,
2006). The animal in the system is a specific example of some type of animal at a specific point in its life history (e.g., a particular
12-month-old human infant with a particular body and brain, and particular skills and experiences). Reciprocally, an envi-
ronment is the accessible surroundings for a particular animal in a particular place and time .... The environment includes
surfaces, places, objects, other active agents, and the medium that encompasses it all (air for humans and birds, water for fish,
etc.) (2019, p 121).”

b. Jointly acting with others is a learning process rather than an end-product

Developmental studies on joint action are typically committed to pinning down the presence or absence of a particular individual
ability at a certain developmental time point, such as being able to coordinate actions toward a shared goal or its underlying com-
ponents, such as inferring the other’s intentions and coordinating one’s own action with that intention. Gerson and Woodward (2010)
defined this as a “snapshots” approach, “seeking evidence for focal abilities at a particular point in time but not considering how these
abilities may change as a function of other events in development.”

Forms and possibilities for participating in co-constructed sequences of shared actions (and goals) are manifold in the ecology of
infants’ daily social interactions: from attending to joyful shared book reading experiences, where the infant’s and parent’s converging
attention is scaffolded by what is being read and its enactment through gestures, vocalisations, and postural adjustments (Rossmanith
et al., 2014), to anticipating and adjusting to the adult’s ongoing course of action when they are approached and then picked up
(Reddy, Markova & Wallot, 2013; Fantasia et al., 2016). In all these forms of inter-acting, infants (but adults too!) learn how to
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participate in dialogical, fast-changing dynamical processes by flexibly adjusting, coordinating, evaluating, sustaining, or repairing
online actions in relation to those of their interactional partner(s).

Shifting our scientific focus from discrete, present-or-absent products of social interactions to process models of interactions (de
Barbaro et al., 2013) may support a dialogical view of joint actions as co-constructed: daily interactions at home or at the childcare
centre present routines organised around formal structures, which help infants learn when and how to contribute, e.g., by anticipating
others’ incipient actions (Lerner, Zimmerman & Kidwell, 2011). This is made possible by local and recurrent scaffolding practices by
adults enabling learning how to “make use of the actions produced by others as context for the composition and placement of their own
contribution” (ibid 2011, 44). Empirical and experimental research can be improved towards this end by taking into account the
unfolding co-constructed nature of joint action. For example, Tomalski et al. (2022) analysed the effects of subtle parent-infant in-
teractions (e.g., reciprocal looking, pointing, talking) during a standard ‘solitary’ infant eye-tracking paradigm and found that these
background interactions significantly modulated infant task performance. In other words, what was assumed to be autonomous infant
performance was in fact modulated by its dyadic, co-constructed context. Similarly, in a seminal text on infant mind-reading, Reddy
(2008) demonstrated how domestic pets sharing in the daily routines of home-life joined the co-construction of a time- and context-
appropriate routine with human-oriented signals and behaviours.

It is important for empirical and experimental research to acknowledge this fundamental role of co-creation and sharing in daily
practice routines, especially when considering study design and interpretation of data. The regular pattern of daily and weekly habits
presents windows of opportunity for infants or children to share their experiences and display their competencies. This is well known
by education practitioners, who, for example, establish routines for sharing emotional and social understanding within regular, safe
envelopes within the daily and weekly ritual (Lerner et al., 2011). In the United Kingdom, Nurture Groups formalise this principle with
established, regular patterns that afford children with social and emotional difficulties safe opportunities for expressing their emotions
and interests, and for engaging in academic cognitive tasks within sensitively co-constructed settings to enable reflective awareness
and improved affective self- and co-regulation, setting the preconditions for cognitive classroom success (Boxall, 2002; Billington,
2012; Delafield-Butt & Adie, 2016; Trevarthen, & Delafield-Butt, 2015).

One of the major criticisms addressed by Enactivism and Dynamic System approaches to mainstream research looking into social
cognition from a mind-centred perspective is their static view of the interactional process as a mere individual intention-reading
endeavour, which misses consideration of its unfolding dynamic of inter-action. Intentions, plans, and actions are not pre-given
and static but can be generated and transformed in the process of interacting. We agree with Fuchs and de Jaegher’s contrasting
view on “the idea that intentions are hidden and inner, or static, ready-made, and waiting to pop out of us for another to pick up (...).
Rather, we participate with the other in the emergence and transformation of intentions, affects and understandings” (Fuchs & De
Jaegher, 2009, p. 482). This is especially true of studies adopting pre-designed joint tasks, including those seeking to pinpoint when
inferential capacities are developed enough to showcase in joint goal-ended activities.

Overall, researchers have advanced strong arguments toward adopting dynamical, embodied (Fantasia, De Jaegher & Fasulo,
2014b; Lux, Gredeback, Non & Kriiger, 2022; Maruyama et al., 2014; Reddy, 2008), and ecological (Adolph, 2019) theories and
methods to the study of social interactions and social cognitive development. We deem these arguments equally necessary to studying
how humans learn to become skilled, engaged participants in shared activities.

c. Joint actions occur along multiple timescales

Social interactions involve different sequences of activities progressing at different interconnected timescales. Within these ac-
tivities, individual behaviours also unfold progressively, across distinct yet interconnected timing (de Barbaro, Johnson & Deak, 2013;
de Barbaro & Fausey, 2022), becoming shared insofar as co-participants orient to each other and coordinate their actions and motives
in sequentially organised ways to accomplish their local interactional business. Behaviours at different temporal scales have their own
emergent properties. “In order to adequately describe and model the multi-scaled nature of human behaviour, we need hierarchical
methods that can identify or integrate shifts in activity across these temporal scales” (Xu, de Barbaro, Abney & Cox 2020). In the
natural flow of mundane social activities experienced by infants, joint actions are constructed over sequences of behaviours that lead to
inter-acting and accomplishing interactional tasks together. In early face-to-face patterns of social play activities, for instance, mothers
displayed preliminary sequences of gestures and vocalisations to invite infants to participate in the forthcoming playing activity
(Fantasia et al., 2019). These preliminaries to the play sequence included: arranging the participatory space by moving the infant to
face-to-face positions to create a shared attentional space, followed by multimodal sequences of gaze and high-pitch interrogative
vocalisations accompanied by gentle movements of the infant’s body. Similarly, in the final part of this paper, we describe a first-hand
experience of a bedtime routine as a sequence of activities coordinated through a complex set of embodied vocal exchanges and
resulting in the mother’s telling a story to accompany her infant into sleep (infant’s waving goodnight to the rest of the family,
brushing their teeth, putting on the pyjamas, getting into the bed, and waiting for the mum to fetch and put on her own pyjamas before
reading a story).

d. Moving matters

Embodiment has become an important concept in many areas of cognitive science, including developmental studies. There are,
however, very different notions of exactly what embodiment is and how bodily features are considered for what kind of embodied
cognitive development. Developmental research on joint action committed to investigating simpler and developmentally affordable
forms of acting together (whereby less cognitively sophisticated abilities are involved; see Carpenter, 2009) have often considered
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coordination of micro-level aspects, such as gaze, posture, limb movements as macro-level behavioural unities underlying individual
capacities, such as for instance joint action, joint attention, social referencing, or mindreading. (a very common research practice in
developmental literature, see de Barbaro & Fausey, 2022). Yet, bodily expressions have a right to exist on their own. With some
differences in the tasks employed, the body is often considered as a medium for the acquisition (and enactment) of higher cognitive
achievements; in other words, a tool in service of emerging, high-order cognitive skills devoted to understanding others’ mental states
through inferentially driven explanations for their actions. Theoretically, this means that bodily actions are regarded in service of
emerging cognitive capacities (e.g., mind-reading representational capacities, later to develop into higher inferential mechanisms) and
only rarely considered as a driving force shaping infants’ cognition per se. It also means that infants’ motor development trajectories
are rarely considered.

Focussing the study of joint actions in infancy as emerging mental structures and their motor expressions overlooks the role of
motor development as a learning process and how this enables and constitutes cognitive development instead of simply supporting it
(see Thelen, 1995; Thelen & Smith, 1994; and Adolph, 2019, for a review). Through exploring the environment, observing their own
and others’ behaviours, and testing and failing new actions, infants and children learn to act, explore, understand inter-action pos-
sibilities and flexibly adapt to the action affordances around them. Designing fixed and pre-structured situations for jointly acting
overlooks the many rich ways in which the body adapts or learns to fit with the affordances and the limitations provided by inter-
actional situations. For instance, how actions are adapted online to coordinate synchronous pulling, lifting, or pushing movements
with that of a partner; or how dynamic system aspects are managed, e.g., the amount of force employed for pulling, lifting, and moving
objects; or the maintenance of postural balance needed to simultaneously use hands and standing up. Only by experimentally varying
and recording changes in those aspects (in terms of affordances or constraints for action) research may assess the extent to which
infants flexibly tailor their behaviour to the demands of different interactional situations. As a wealth of research has already shown,
there are many ways to put this into practice: for instance, by modifying the initial condition (e.g., the physical environment) in which
the display of certain skills appears to be facilitated; or, on the contrary, in which previously possessed skills seemed to disappear or
become impoverished (the so-called u-shaped progress). This is the case of the many studies on newborns’ varying performance in
walking when positioned on a flat surface compared to when immersed in a pool (see Smith & Thelen, 2003 for a review). Or by
manipulating the context in which spontaneous reactions may emerge, as in the many alternative paradigms for testing infants’
perception of affordances and depth with different apparatuses (see Adolph, Kaplan & Kretch, 2021, for a review). Or alternatively, by
using tech-advanced devices to grasp selected, meaningful aspects of spontaneously occurring behaviours, which can expand current
knowledge of the existing developmental variability in certain micro-patterns or capacities. For instance, in a study on infants’
anticipatory bodily adjustments to being picked up, Vasu Reddy and her colleagues (Reddy, Markova, & Wallot, 2013) combined
behavioural observations with data from a sensor mat to capture changes in infants’ bodily pressure while lying down and waiting to
be picked up. In this way, non-visible micro-movements were recorded over time, showcasing infants’ variability in responding to the
incipient action unfolding as a variable of the adults’ “picking up style” (e.g., performing fast or slow movements; displaying a more or
less clear approach by using the hands and/or voice; staying upright or bending down towards the infant).

Under a mainstream view, learning to act jointly (in the ways exploited by mainstream studies) is a primarily cognitive activity
whose investigation entails how young children learn to cognise about, rather than act within, social contexts. Everyday joint activities
in infancy are varied and include different types of participatory possibilities, objects, more or less structured spaces and timing. All
these allow infants to learn through and by different ways of doing things together. To conclude, standard accounts consider
participating in shared actions primarily as an encounter of individual minds whose main activity is to achieve sufficient and correct
inferential knowledge of each other’s intentions and goals. While such a cognitive and inferential approach is at risk, at the very least,
of being reductive, the problem of how cognitively-immature creatures (such as infants) gain knowledge about others’ intentions in
interactions remains open, for it escapes the changing and dynamical dimension of knowing as an engaged process of sense-making,
with its unpredictability, inconsistencies, ambiguity, particularly important when taking into account the rapid learning and devel-
opment of infants and young children. Viewing successful joint actions in childhood as resulting from an increasing mastering of
cognitive mechanisms underpinning social knowledge raises questions about what this knowledge is made of, its natural develop-
mental progress — and, un-trivially, how we can investigate it.

Far from being new, these concerns have been raised by researchers from ecological and embodied approaches arguing for a serious
rethinking of how human social cognition development is conceived of and investigated, starting from an engaged and engaging
epistemological reflection on the dynamic and situated nature of human social interactions (De Jaegher, 2019). As Karen Adolph said:
“Unfortunately, the widespread practice in developmental psychology is to side-step the foundational descriptive questions and to
jump straight to testing hypotheses about presumed mental abilities or neural underpinnings” (2019, p. 184).

Participants don’t need theories”: an ecological, situated, dynamical and embodied perspective

“Long before we can make explicit attributions of intentionality, our embodied responses involve us in interintentionality”
(Stern, D. 1985).

Our main purpose in this work is to reclaim time and sequence as structuring analytical dimensions to understand how humans

2 The title refers to the work by Reddy and Morris: Reddy, V. & Morris, P. (2009). Participants don’t need theories: Knowing minds in engagement.
In I. Leudar & A. Costall (Eds.), Against Theory of Mind (pp. 91-107). London Palgrave Macmillan.
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learn to engage in social activities from birth. We do so by emphasising the prospective nature of action and its constitutive visibility.
Which means: actions (as movements) not only are always projecting our intentions and plans forward, but their meaning is visible and
perceivable in the larger situated context and timescales in which they unfold. Such a perspective places action at the centre of joint
action research when situated, ecological, and embodied methods and interpretations are valued. Such a shift, as we argue later in this
work, may promote a view of social interactions as co-constructed, intrinsically cooperative joint endeavours with different degrees of
complexity and engagement, yet always prospectively looking (i.e., goal-oriented).

A participatory view of joint actions: lessons from infancy

The idea that joint actions require participants to define joint tasks, set out shared goals and interlock intentions is rather new in
developmental psychology. Since the early 1970 s, observational studies in developmental research have provided increasing evidence
of the intrinsically shared and coordinated nature of early mother-infant interactions (Bruner, 1985; Fogel & Thelen, 1987; Hubley,
1983; Hubley & Trevarthen, 1979; Stern, 1974; Trevarthen, 1979), yielding a substantial wealth of knowledge on the early inter-
subjective co-construction of meaning between infants and adults, and shedding light on infants’ social capacities, especially their
participatory and agentic contribution to shared activities. Knowledge of this interactional dynamic has impacted clinical practice in
neonatology and infant care, improving developmental and psychosocial health outcomes (e.g., Brazelton, 2006; Lester & Sparrow,
2010). By adopting micro-analytical methods for observing contingencies, pauses and timing of participants’ affective engagements
and dis-engagements, these studies pioneered evidence of how early interactive exchanges with adults shape infants’ participatory
capacity to tune in and coordinate turn-taking moments of engagement with pauses and silences (Brazelton, Koslowski, & Main, 1974;
Kaye, 1979; Stern, 1971), or progressively more sophisticated participation in playful exchanges (Bruner & Sherwood, 1976; Ross &
Lollis, 1987). With their intrinsically dialogical nature, early dyadic exchanges have been defined as emerging cooperative activities
wherein “each of the subjects is taking account of the other’s interests and objectives in some relation to the extra personal context and
is acting to complement the other’s response” (Hubley & Trevarthen, 1979, p. 58). Dynamical Systems theories have consistently
shown that development is an accumulation of decentralised and local interactions occurring in real time (Smith & Thelen, 2003, p.
343).

Drawing on research that considers social interaction as a distributed and dynamic system, home-based micro-analytical studies
have used a variety of continuous (second-by-second or frame-by-frame) behavioural coding methods to sample multimodal sequences
of interactions, e.g. action bouts or patterns, shedding lights on infants’ emergent capacity to participate in structured daily routines —
routines that are usually seen as relying solely on the adult’s guidance, but that are now recognised as dynamically co-created by sides,
from the infant and from the caregiver. For instance, ecological observations of mother-infant interaction during breastfeeding at home
revealed that from 3 months, infants show an increasing capacity of co-regulating affective expressions and social behaviours while
feeding, which also contributed to longer breastfeeding duration (Tsabanaki, Kokkinaki, Triliva, & Karademas, 2022). Later on, at 6
months, infants complement and support joint feeding activities by opening their mouths in coordination or anticipation with the
caregiver’s approaching hand holding a spoonful of food (Negayama et al., 2021).

Early coordinated joint activity set the stage for the complex configurations of goal-ended joint interactions with objects that
mainstream studies on joint actions seek to investigate. Observational studies looking at the dyadic coordination as well as the micro-
dynamics of mother-infant activity have adopted continuous, quantitative behavioural measures, such as posture, proxemics and
gestures, to investigate how experience with formal structures of joint activities support infants’ coordinated contribution to the
ongoing action, e.g., in social games (Fantasia et al., 2014a; Nomikou et al., 2017), or when they are being picked up from laying on
their back (Reddy, Markova & Wallot, 2013; Fantasia et al., 2016; Negayama et al., 2015).

Studies adopting continuous, fine-grained multimodal measures have captured changes in the developmental trajectories of how
infants triadically attend to objects and persons in interactions. As early as 3 months, infants and caregivers engage in spontaneous
joint object activities at home, such as shared book reading (Rossmanith, Costall, Reichelt, Lopez, & Reddy, 2014). A gradual transition
emerges during the first year of life in patterns of triadic activity with adults, with implications on the quality of shared engagements
and the activities carried within them: although infants and their mothers manipulate and attend to objects together, between 4 and 9
months, a joint looking and touching activity decrease, along with diminished exclusive attention to the object manipulated by the
adult (de Barbaro, Johnson, Forster & Deak, 2016). These results confirm that early patterns of shared activities are visible when
developmental progress is considered in their multi-dimensional and dynamic nature, setting the stage for later, more complex joint
interactions.

Ecological, dynamical and embodied views

Although occupying a substantial part of infants’ daily time in the first months of life, routine activities have been understudied and
overlooked as developmentally relevant places to make sense with and of others’ behaviours, emotions, intentions “creating the
substrate for continuing cooperation” (Rossmanith et al., 2014, p. 18). Infant studies just presented are in line with evidence from
research showing how the early development of perspectival knowledge and control is grounded in infants’ neuromotor development
and its intrinsic ability to anticipate and gain information from one’s own actions, giving the system structure for understanding
other’s actions, too (von Hofsten, 2009).

Moving away from purely cognitive views, developmental researchers have increasingly adopted less sophisticated and behav-
iourally bodily focussed methods, e.g., proposing that some basic forms of action, affective dynamics, and attentional mechanisms may
support young co-agents in establishing mutual knowledge and coordination. A recent study by Suarez-Rivera and colleagues (Suarez-
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Rivera et al., 2022) systematically explored the rates, timing, and modalities of mothers’ and infants’ spontaneous joint engagement in
activities at home. Their findings highlighted that joint engagements have tailored temporal structures and occur in bursts (rather than
in a continuous or predictable flow), and interactants’ physical proximity sets the stage for when and how joint engagements will
occur. The implications for research are noteworthy, as the authors suggest “(...) developmental phenomena hypothesized to be key for
infant learning should be investigated in laboratory and everyday contexts alike to understand real-world inputs that propel learning,
and to model those inputs to further elucidate potential mechanisms of change” (ibid, 2022, p. 250).

Dynamic Systems research has looked at how bodily sensorimotor processes underlying co-agents’ individual movements structure
individuals’ social behaviours through mutuality of influence in terms of temporally coordinated and superordinate sequences (e.g.,
van der Wel & Fu, 2015). Joint attentional processes, for instance, have been regarded as essential elements in lower-level, interac-
tionally focused forms of joint actions, such as the capacity to coordinate and share attention with others. (Carpenter & Liebal, 2011;
Siposova, Tomasello & Carpenter, 2018). Carpenter and Liebal (2011) proposed that co-interactants establish shared knowledge about
or express commitment to perform a joint goal through ostensive communicative processes that can take the form of a reciprocal,
timely coordinated gaze exchange or through imitative behaviours. By sharing looks, interactants use their gaze to share “the expe-
rience of sharing” (Hobson & Hobson, 2008, p. 79). Philosopher Debora Tollefsen (2005) has proposed that attending to each other’s
actions provides participants with a shared perceptual space co-constructed through joint attentional dynamics. In this shared space,
actions and their intentions are perceptually overt and identifiable so that even young children without a “robust theory of mind” (ibid,
2005, p. 81) can engage in shared activities. In this view, reaching awareness of others’ intentions would not necessarily require an
inferential stance insofar as co-agents can implicitly track each other’s intentions in their actions.

A few yet important differences characterise cognitively-focused approaches and those endorsing ecological, dynamical, embodied
stances. One crucial difference entails which role is assigned to the body and its development in relation to the environment, or the
extent to which it is conceived as a primary source of development in other domains (Costall & Leudar, 2010; De Jaegher, 2009, 2019;
Gallagher, 2008a; Reddy, 2008, 2015). The body — one’s own and others’ — and its manifestations as constitutive of how humans learn
and gain knowledge through and about the surrounding world (Adolph, 2019; Reddy, 2008; Thelen, 1995). Quoting Adolph and Hoch:

“Psychology is the study of mind and behaviour, and all behaviour is motor behaviour. Thus, the study of motor development is
really the study of behavioural development. As such, motor behaviour both requires and reveals the workings of the mind” (2019,
p.142).

Under this view, motor development (as specific actions and bodily behaviours) drives learning and acquisition of new knowledge
as it affords possibilities for concrete, repeated experiences, e.g., hindering or supporting what can be perceived, explored, encoun-
tered, or socialised.

Additionally, dynamic and situated approaches have traditionally considered developmental trajectories as interconnected rather
than causally-related systems (Forster, 2002; Isabela Granic & Patterson, 2006; Hutchins, 1995; Oyama, 1985/2000; Taylor, 2000),
that is: not searching for traditional causal relationships but rather trying to identify multimodal behavioural patterns, their variability
over time and contexts and the conditions which lead to a shift in the trajectory (de Barbaro et al., 2016). As discussed earlier in this
work, infants learn to move, act, coordinate or resist others’ actions in the ecology of their everyday life, participating in activities that
extend through different timescales. “Intentions and goals are not searched before or behind the communicative action as its “cause,”
but manifest in speakers’ behaviour, shaped and adjusted as the interaction unfolds.” (Fantasia et al., 2014b). Experiencing others’
actions and intentions is “apprehended through the senses, which, in the ‘natural attitude’, are always in combination with our
empathetic co-presence with other living bodies, whose actions reveal their intentionalities (i.e., their being ‘about’ something, ori-
ented toward some place as a physical and social goal)” (Duranti, 2010, p. 27).

Studying how infants learn to become participants in social activities should start with close observations of how infants and young
children spontaneously do things in their most familiar environment(s), e.g., their early social responses, such as vocalising out loud
when they have a nappy changed or displaying coyness as they turn the face away with a shy smile when someone addresses them
directly. But also, it should consider what they make (or not) of the many affordances offered by those environments and the extent to
which others’ behavioural sequences are perceived as affordances for their own actions, e.g., by producing vocalisation or movements
at specific relevant points within an interactional sequence. This means identifying what is relevant and meaningful for infants in the
ecology of their daily experiences, or habitus (Bourdieu, 1995), and how it changes as a function of time and learning.

An ecological and situated approach does not necessarily imply doing research outside labs in the real world. Answering devel-
opmental questions requires both naturalistic studies and controlled laboratory experiments, as long as researchers stay true to the
phenomenon under study, acknowledging its complexity and its function within infants’ or young children’s ecology of daily expe-
riences and developmental paths (see, for instance, a naturalistic semi-controlled study on infants’ approach to plants by Fantasia
et al., 2021). In practical terms, this means combining observational and tech-based tools (e.g., technologies for sensing and activity
recognition; de Barbaro, 2019) in order “to collect multiple, precisely time-locked and synchronized dimensions of organism-internal
and external factors repeatedly and at scale. Such data will allow developmentalists to begin to disentangle complex reciprocal in-
teractions between these factors and quantify how they drive developmental trajectories, a truly radical proposition for developmental
science” (de Barbaro et al., 2016).

The prospective nature of action: an embodied foundation of joint action

2 2

“Actions carry one into the future. Prospectively controlled actions bring one from “where one is” to “where one wants to be”.
Delafield-Butt et al. (2018, p.1)
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Human movement, from the beginning of life, is never simply the execution of a motor command from higher cerebral centres of
activity. Rather, it is inherently future-oriented, necessarily prospectively organised with anticipation of its consequent effects (von
Hofsten, 2007), from the beginning of a human life (Delafield-Butt & Gangopadhyay, 2013; Delafield-Butt et al., 2018). Physical forces
of inertia and momenta require an action to be intrinsically organised ahead-in-time so that it reaches its target in an efficient and
effectual manner (Lee, 2009). Too much force and a movement can overshoot. Too little, and it has no effect. The lawful order of
parsimony necessitates action must be organised prospectively. Even before birth, careful kinematic analyses of ultrasound recordings
reveal human foetal movements to be anticipatory, expectant of their sensory consequences from as early as the fourteenth week of
gestation (Castiello et al, 2010; Zoia et al, 2007). For example, in the case of twin pregnancies, twin foetuses have been observed to
make special twin-directed movements distinct from movements toward inanimate objects in their uterine environment, such as the
placenta wall or umbilical cord. Computational analysis of these movements’ kinematics reveals differentiation at the start of the
action, contingent on its end effect: action patterns used to touch the twin were the same as those used to touch one’s own face, but
distinctly different from those that touched the inanimate objects of the environment, indicating not only that action end-effects were
known ahead of time, but that this also suggested very early ‘social’ awareness of an animate ‘other’. Similarly, Zoia et al. (2007) found
that in singleton pregnancies, motor planning was evident in the action pattern of the arms structured by their final position, or ‘goal’,
by at least twenty-two weeks of gestational age. These data indicate an early prospective awareness of the sensory consequences of self-
generated action evident in the actions of the second-trimester foetus.

Prospective awareness in early human development in utero is also evident in a number of studies of the anticipatory movements of
foetal hands and fingers to a target part of the body. For example, Myowa-Yamakoshi & Takeshita (2006) and Reissland, Francis,
Aydin, Mason & Schaal (2014) observed the mouth of the foetus opened before actual contact, during mouth-directed movements of
the arm that carried a finger to it. This indicates an early, embodied awareness of the self-generated future manifest in sensory-motor
movement, an anticipation of self-generated sensory consequences. Finally, at birth, detailed high-precision subsecond kinematic
analyses demonstrate that newborns’ arm movements are prospectively organised with an anticipation of their outcome in body-space,
as analysed by a computational theory of prospective motor control (Delafield-Butt et al., 2018).

Altogether, these studies demonstrate that a cardinal sign of anticipatory experience, goal-directed motor control, is evident from
the start of the second trimester in utero and develops in complexity and precision through foetal life as the skeletomuscular and neural
connectivity matures (Delafield-Butt & Gangopadhyay, 2013). This intrinsic prospective nature of human movement is the basic
psychomotor foundation on which a young human life experiences the world. Embodied, lived experiences are powered by the interest
and intentions of the individual. They are exploratory and sensory seeking, testing the effects of one’s interest and agency on the
objects, events and people that make up the child’s world (Baldwin, 1895; Piaget, 1953). These experiences are parcelled and
organised by single, simple actions such as a reach-to-touch or a gesture of the hands to another person in affective expression,
constituting the foundation on which joint action is engaged and learned. In human infant life, our gregarious nature and close adult-
infant care often nest these simple actions into an intersubjective system of shared engagements, giving the basis for the co-
construction of patterns, rituals, and games that the developmental science of joint action attends to (Trevarthen & Delafield-Butt,
2013).

Humans’ action-perception loops power and generate prospectively coordinated and synchronised social movement, structured by
an early form of pre-reflective intentionality intrinsic to its prospective nature (Delafield-Butt & Gangopadhyay, 2013). This basic
motor intentionality, technically identified as ‘primary sensorimotor intentionality’ (ibid.) or as ‘intention-actions’ following Searle
(1980), is a primary form of intentionality that is pre-reflective and embodied in the act of moving, setting the foundation for later
capacities of reflective, conceptually-backed intentions more familiar to adult experience. In development, the infant’s capability
progresses from these primary sensorimotor intentions intrinsic to the prospective organisation of movement to a developed capacity
for abstract reflection and the ability to imaginatively plan actions with distal intentions. This is a development from what Searle
identified as intention-actions, where the intentional aspect is part-and-parcel of the structure of the movement, to the capability for an
intention-to-act, its abstract representational form that affords offline reflection before the act of moving (Searle, 1983). This latter
form is typically associated with adult volitional intention and, in lay terms, is conflated as simply ‘intention’. However, the pro-
spective nature of human movement necessitates structured action in anticipation of its consequent effects, a powerful template for
understanding the effects of one’s own agency on the world that “remains fundamentally unchanged and continuous throughout life,
driving and shaping development, learning, and cognition” (ibid, p. 404).

This ontogenetic primary embodied intentional form does not only enable one’s own actions to be recognised and experienced as
goal-directed and intentional. Crucially, it informs the perception of the other’s bodily actions as also agentic and purposeful. The
concept of pairing, as proposed by researchers in developmental phenomenology, supports this idea of a primarily bodily-centred
experience of knowing and understanding others in interactions. Pairing refers to a perceptual and experiential process of self-other
similarity based on, for instance, vocal or proprioceptive-visual domains (Vincini & Gallagher, 2021; Vincini & Fantasia, 2022) ac-
quired during early social experiences. Within this perceptually pairing process, “having experienced characteristic features of
embodied animacy, emotions, intentions, and perceptions in myself, in so far as the other’s body presents the same or similar features, I
tend to perceive it as embodying animacy, emotions, intentions, and perceptions” (Vincini & Gallagher, 2021, p. 190). In other words,
understanding others becomes possible through paired proprioceptive and exteroceptive bodily experiences of feeling and perceiving
others as co-partners in interaction.

A similar proposal has been advanced by neuroscientists working on the role played by mirror-neurons mechanisms to explain
human intersubjective engagement (or the Direct-Matching hypothesis, see, for instance, the works by Vittorio Gallese). Direct
perception of another’s intention is available without inference or reflection by way of direct perception of the other’s intention
manifest in its intentional action form, the shared understanding of which is thought to be underpinned by the mirror neuron system
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responsive to the action’s intention, and not its biomechanical representation (Gallagher, 2008a; Gallese, 2001). The major claim
advanced by embodied neuroscience approaches is that basic neuromotor resonance of intention enables an implicit knowledge of
others’ intent, allowing one to understand and participate in purposeful action sequences. Higher-level mental processes of reflective
awareness would then emerge later in development, informed by earlier mechanisms of action coordination (Tollefsen & Dale, 2012;
Trevarthen & Delafield-Butt, 2015). Notwithstanding, Reddy and Uithol (2016) have proposed a compelling contrasting argument to
the idea that a pairing or mirroring mechanism can fully explain how individuals intersubjectively understand others, for “it facilitates a
fundamentally spectatorial stance, ignoring engagement and dialogue; it focuses on similarity between self and other and neglects
difference; and it succumbs to the static terminology of mechanism rather than a dynamic analysis of the process (Reddy & Uithol,
2016, p. 101).

Studying joint actions in early infancy and childhood is to investigate how humans learn to become competent participants in
shared social actions. Whatever theoretical standing point one endorses, limiting this investigation to the analysis of how individuals
represent intentions and goals in pre-defined situations with scripted endpoints means having access only to a small part story. As
proposed by situated and embodied approaches, analysing daily human behaviour can provide a greater phenomenological under-
standing and investigation of the nature of social cognition, including joint actions. The third part of the present work considers the
sequential structure of early social interactions and their intrinsic prospective and perspectival character as key analytical lenses
through which investigating how infants and adults make use of their body, voice, and affective expressions to understand, anticipate
and coordinate with each other in daily situations. Such an approach is amenable to elucidating cultural differences in the timing,
tempo, and expectations that develop in early infant-caregiver interactions (Frank & Trevarthen, 2012; Gratier, 2003; Gratier &
Trevarthen, 2008; Negayama et al., 2015, 2021).

Temporality as key for understanding joint actions in infancy

“The present, and by that is meant not the point which indicates from time to time in our thought merely the conclusion of
“finished” time, the mere appearance of a termination which is fixed and held, but the real, filled present, exists only in so far as
actual presentness, meeting, and relation exist. The present arises only in virtue of the fact that the Thou becomes present.”
M. Buber, (1923), I and Thou

Alternatively to being a measure of something standing between different events, time can be conceived as a relational entity,
binding together different parts of an interactional event in “a relationship that is constitutive of the organisation, and hence the
meaning, of those parts” (Rawls, 2005, p. 167). An interactional view of temporality may frame it as the lived experience of doing
something with another person in situated time, encompassing different forms of experiencing time in relation to another person: the
intrinsic phenomenal sense of being in relation with, embedded in the temporality of situated, present engagements; the narrative
quality of shared, temporally defined sequences of bouts of reciprocal actions; and finally, the forward-looking, dynamical and
incomplete quality of interactions where movements and actions can be expected, invited for, anticipated or complemented by co-
participants moments-by-moments.

Infant observation studies have shown infants’ extreme sensitivity to the synchronised contingency of reciprocal behaviours in
early shared routines (de Barbaro & Fausey, 2022). A special kind of temporality is embedded in the sequential unfolding of caregiver-
infant daily meaningful activities, such as bathing, eating, and playing, in which participants are oriented towards understanding their
reciprocal actions through a continuous alignment and synchronisation of individual temporal trajectories of gestures, vocalisations,
posture, affects (Fasulo (2015). This takes shape in temporally-organised sequences of gesture and voice patterns (Fantasia et al.,
2014b), producing a narrative in their pattern and form (Malloch & Trevarthen, 2009; Trevarthen & Delafield-Butt, 2013). At the
micro-level, early interactional experiences are organised and shaped by temporal dimensions of prospectivity and sequentiality. We will
now present both, framed within a developmental perspective.

Prospective knowledge structures narrative stories of the infant’s action

On the surface, human experience appears continuous and regular as a steady ‘stream of consciousness’ (James, 1890). But it is
made up of discreet events that unfold in time, with beginnings, middles, and ends. These discreet events are made in active
engagement with the world by a physical body expressive in action of the interests, knowledge, and intentions of the Self-as-Agent
(MacMurray, 1957). From the beginning of life, infants’ movements are self-generated, prospectively organised actions anticipating
their consequences (see above). Rhythmic structure, the moment-by-moment coordination of verbal and non-verbal rhythmic patterns,
is fundamental because most of our motor behaviours are rhythmically organised (Lashley, 1954).

As embodied agents, these participatory experiences become structured by the spatiotemporal properties of the body, and critical to
this is its purposeful, future-oriented nature that seeks to create meaning in social interactions with the surrounding world (Reed,
1996; Trevarthen & Delafield-Butt, 2017; Delafield-Butt, 2018). Each action is a self-generated movement of the human body that is
necessarily organised prospectively from the beginning of life, i.e., organised with an anticipation of the future it is actively structuring
and creating (Delafield-Butt, 2018). These actions and their consequences are affectively evaluated by the agent for their success or
failure, benefit, or threat, as are those of an observed other (Briten, 1998). The future-oriented nature of human motor control — both
solitary or social — asserts a powerful prospective structure to knowledge as anticipatory and structured by the self-generated bodily
experience, driven by the agent’s intentions and interest, and excited by the affects that motivate them.

How do early bodily-grounded and structured experiences and social cognition development relate to each other? Seminal
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psychologist Jerome Bruner (1986, 1990) identified two forms of cognition. On the one hand, he proposed there exists a logico-scientific
mode of cognition, able to form concepts with knowledge of their lawful properties. This is a timeless, abstract knowledge that enables
a technical intelligence with its rich knowledge of facts that can be approached from multiple imagined perspectives to work with the
generation of plans for desired futures and solutions to present problems. A static, timeless mode of cognition is the focus of educa-
tional systems. Cherished by technological society, its capability is what we normally identify as intelligence. Its development in early
life is the focus of the cognitive and social cognitive paradigm, which attends to it almost exclusively. On the other hand, the pro-
spective structure grounded in human motor control delivers a necessary unit that opens, then gives closure to activities and en-
gagements to draw experience to a purposeful conclusion, and to make sense of them. In this way, human agency seeks to parcel what
seems to be continuous experience on the surface into the embodied experiences of purposeful events. In other words, into stories.

Bruner (1986, 1990) identified another form of cognition, what he defined as narrative cognition. Narrative cognition places the
lawful properties of objects and persons into an animated temporal order, making sense of their events and processes as they relate one
to another through lived, situated time. The logico-scientific knowledge of objects and persons becomes contextualised through this
type of intelligence, or way of cognising as their relations, psychological motives, and the feelings that power their interactions become
known and meaningful within the context of lived embodied experience. That experience is held in memory as a narrative, the story of
its past experience made available as knowledge for recalling in action or re-telling in expressive gesture or words (Delafield-Butt &
Trevarthen, 2015; McGowen & Delafield-Butt, 2022; Gallagher, 2008b).

Solms and Panksepp (2012) proposed a model of the nested hierarchy of mind-brain processes, which takes into account the
development of experience from its ontogenetic primary, embodied, and direct experience through to higher cognitive, reflective
processes. We draw on this model to propose an integrated model (Figure 1) for social engagement, supported by detailed neuro-
psychological study (see Panksepp and Biven, 2012, also Trevarthen & Delafield-Butt, 2017). At the ontogenetically basic level,
primary (1°) process affects and intentions are predominantly brainstem mediated, embodied, and expressed in direct intention-
actions. Secondary (2°) level processes store these experiences as memories of routines of motor sequences and their responses and
discriminate perceptions with greater affective associations. But importantly, it is the cortically mediated tertiary (3°) processes that
afford reflective thought, abstract conceptual considerations, off-line planning, and verbal language. This tertiary level enables Bru-
ner’s logico-scientific thought, but it is through narrative and sequences of bodily motor acts that this thought is communicated.

Communication between infant and adult happens directly at the primary level within embodied and situated routines, supported
by personal knowledge and memories stored in secondary processes. The primary levels always directly communicate with each other
between persons, while the brainstem is rich in sensory, evaluative, and associative learning, enabling conscious awareness (Merker,
2007). Further, the logico-scientific cognitions and reflective awareness available in tertiary processes must be fed back through the
actions of the body, which are primary processes. As the adult possesses excellent tertiary resources, s/he can reflect linguistically and
conceptually on those primary purposeful, expressive actions and their effects. This tertiary reflective self enables elaboration and
conscious reflection of primary embodied actions, intentions, their affects and effects. And as such, one can regulate the interaction
occurring through primary processes with the additional tertiary reflective self.

Infant Adult

3° Processes
Beflective mediator, abstract 4 ‘ a—
conceptual knowledge, reflective
consciousness, higher order
intentionality. Tertiary consciousness,
cortically mediated.

2°Processes A

Detailed memories, episodic and
sequential, enhanced perceptual
discriminations, affective evaluations.

Secondary consciousness, largely

limbic mediated Y : :

1°Processes

Direct experience, perception-action, ﬁ

intentions-in-action, affective
evaluation, perceptual awareness, b
generative, intrinsic motive formations.
Primary consciousness, brainstem
mediated.

Figure 1. Schematic of interactions between infants and adults, organised by their nested mind-brain hierarchies. Primary processes mediated by
brainstem systems directly communicate, enhanced with secondary process memories and affective evaluations. Tertiary processes mediated by
cortical systems enable reflection and conceptual knowledge, particularly well developed in adults but not in infants (grey). These regulate primary
process engagements, and in adults they serve as a ‘reflective mediator’, powered by language and logical abstract thought. Importantly the primary
mode of communication is always through the primary process regulations of the body. (see Solms and Panksepp, 2012).
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As lived experience necessarily progresses through time, all abstract, reflective logico-scientific intelligence must be expressed back
through the animated temporal order of the motor expressions of the body, through its meaningful sequences generated in narrative —
whether verbal or not. The two intelligences work hand-in-hand, informing and structuring each other, while knowledge — particularly
social knowledge, is always contextualised within these stories, with a temporal sequence of events:

“a narrative is composed of a unique sequence of events, mental states, happenings involving human beings as characters or actors.
These are its constituents. But these constituents do not, as it were, have a life or meaning of their own. Their meaning is given by their
place in the overall configuration of the sequence as a whole.” (Bruner, 1990, p. 43)

From an interactional framework, prospectivity can be viewed as the future-oriented and forward-looking character of actions and
their awareness by others in social encounters. That is: interactants can reciprocally anticipate, predict and partake in the ongoing
unfolding of their action trajectories, envisioning what possibilities lie ahead. It is akin to what Gallagher identifies as ‘direct
perception’ of the others’ intentions (Gallagher, 2008a,b). But because engagement in joint, social actions is a dynamic and partici-
patory process of sense-making, the prospective nature of action structures social interactions as future-oriented, expectant, yet sit-
uated and grounded in the here and now of interactional time and space. A similar concept is found in ethnomethodology, which
proposes retrospection and projection as two constitutive aspects of the lived experience of time in interactions. While retrospection is
fundamental for interactants to display mutual understanding and accomplish intersubjectivity (Deppermann & Gunthner, 2015;
Deppermann & Streeck, 2018), projection works towards coordinating, anticipating and complementing the other’s intentions in
action.

Within developmental literature, the essential role of prospectivity for developmental processes such as motor development and
action-perception systems for detecting affordances (Gibson, 1979) is well established, although somehow limited. The pioneering
works by Esther Thelen and Linda Smith (Smith & Thelen, 2003; Thelen & Smith, 1994) shed light on prospective control as a key
mechanism in developing motor capacities (walking in particular) and, consequently, for infants’ interactional and cognitive affor-
dances and possibilities to explore the surrounding world. Along the same line, Reddy (2015) proposed that early meaningful
(intentional) actions are prospectively oriented as possessing an intrinsic quality of incompleteness:

“Intentional actions are largely about effecting change in the world — whether pushing a door shut or looking around for food or
calling someone to come. This quality of expectation or ’incompleteness’ — of waiting for completion or effect or response - not only
allows the intentionality of actions to be perceived by others but more crucially, it has the potential to invite others to engage with the
incompleteness.” (Reddy, 2015, p. 2)

Incompleteness here has to do with not-knowing but also with learning-to-know as an engaged epistemic process of understanding
and knowing others (their actions, intentions, emotions) by responding to their invitation to deal with, and address the here-and-now
interactional incompleteness in different ways. It is precisely within this incompleteness that development becomes possible and takes
place, as infants (and caregivers) make experience of an unfulfilled space between the other’s action and their own. And learn how to
reciprocally fill that space; a space left open to experimenting and learning how the presence of the others - their moves, speech,
affective displays - can make a difference, for better or worse.

Sequentiality

As systematically observed in ethnomethodology research, sequentiality is an ordering principle in mundane conversations in
adults (Garfinkel, 1988), constitutive of the public and shared dimension of any social interaction where “each party builds upon
structure provided by others” cooperatively (Goodwin, 2013, p. 17). Sequentiality is intrinsic in the system of turns in interactions,
warranting visibility and accountability to the sequential interactive order (Goffman, 1983). In other words, social interactions (from
the spontaneous meeting of friends on the streets to formally coded social events) are culturally-shaped and situated practices where
co-participants understand and complement each other’s actions in a sequence-organised format where “actors share some set of
expectations — or practices — that provide guidelines for how to use sounds and movements to create mutual understanding in
particular contexts of use” (Rawls, 2005, p. 167).

Recently, a growing number of studies in psycholinguistics applied sequential analysis methods to look at how interactional
meanings (and their linguistic enactment) are shared and co-constructed in joint daily interactions with infants and young children
(Fantasia et al., 2019; Fasulo et al., 1999; Forrester, 2009; Nomikou, Schilling, Heller & Rohlfing, 2016; Ochs & Schieffelin, 1995).
They shed light on the sequentially-locked structuring of early joint activities, as built around turn-shaped multimodal sequences of
units of actions (or “action arcs”, Rossmanith et al., 2014), including turn shifts, pauses (Hilbrink et al., 2014), coordination of verbal
and non-verbal aspects, synchrony or dis-synchrony in the temporality of each participant’s expressive movement (Berducci, 2010;
Trevarthen, 1998). These sequences are the building blocks through which early participation is co-constructed (Duranti, 2000), as
infants gradually recognise typical elements and progression of routine activities (e.g., opening and closings), learning to position their
own expressions of interest and feeling (vocalisations, movements, looks) within them. In this sense, sequencing helps participants’
expressions to be organised, enabling their understanding and predictability. Interestingly, early dyadic exchanges seem to present
similar sequential organisational structures to those regulating adults’ conversations, such as turn-alternation and turn-transition
(Berducci, 2010; Hilbrink et al., 2014) and the use of preliminaries (Fantasia et al., 2019; Fantasia, forthcoming).

A first-hand experience of sharing a joint routine activity by the first author with her own child shows how an ordered, repeated
sequence of actions makes participants’ actions recognisable, affording interactional complementarity.

“At about 12 months of age, D. started to make clear, intentional attempts to help me in what was, by then, our bedtime routine.
He would sit on my bed, attentively looking at me whilst I was putting on my pyjamas before lying next to him to read a book.
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One night, while I was searching for my pyjama pants all around the bed, he fetched it from the pillow behind him and passed it
on to me. I stared at him cluelessly, convinced it was a fortunate coincidence. Only, the day after, he did it again. There was no
doubt that D. really was handing me over what I was looking for, anticipating my action, and at the very least, displaying some
knowledge of the sequential structure embedded within our nightly routine. He understood my intention nested within its
action and interaction sequence, and in helping me achieve my immediate purpose to find and put my pyjamas on, he may also
have been collaborating to move quickly to story-time, his favourite moment.”

D.’s actions appeared as meaningful and intentionally directed to help the mother’s search, nested within a larger context, known to
D. through the repetition of routine. The sequential structure of this bedtime example is imbued with a narrative dimension: a co-
created story whose plot was known and expected at detailed levels by both participants (Delafield-Butt & Trevarthen, 2015). And
yet, when the story was disrupted and at risk of becoming incomplete, when the pyjama trousers were missing, the visibility and
situatedness of his mother’s searching actions — although new - supported an embodied, situated understanding of her intentions
(finding the trousers), and invited a complementary response by D. In other words, the early interactional formats of actions unfolded
as interpersonally, coordinated motor intentions co-created and enacted into meaningful and organised sequences that took on a
shared, recognised and anticipated narrative quality (Delafield-Butt, 2018). Repeated, changed, or modified over time, these formats
become increasingly conventionalised, progressing in less idiosyncratic ways and more recognisable and predictable for both the infant
and the adult. As co-actor in a daily repeated routine, D. had learned to make sense of the sequential unfolding of actions and how to
complement them as part of a shared storyline developing at different timescales (including a preparatory phase of teeth-brushing,
putting on his own pyjamas, waving goodnight to other family members and going to bed).

Human minds operate in nested layers of meaning, affectively imbued within the expectation of a culture, an intimate culture in
this example; to reduce this multidimensional nesting of social, affective and instrumental meaning to only the last is to lose the
meaning of the life of a human mind altogether. This ‘hidden’ knowledge of how things unfold between agents and actors is exactly the
purpose of Bruner’s identification of the ‘narrative’ mode of cognition (Bruner, 2004). One’s intentions are not only private states but
publicly available and part of a shared, situated interactional dynamic.

The sequential character of interactions plays a role also in the development of an embodied and situated sense of self-agency in
relation to the surrounding social world. Interactants simultaneously perceive the other’s expression (a gesture, a movement, an ut-
terance) as well as their own movements as sequentially tied by means of “a complicated mechanism of retentions and anticipations
[which] serves to connect one element of his [..] speech with whatever preceded and what will follow until the unit of what he wants to
convey has been grasped” (Rawls, 2005, p. 181). Such a mechanism is grounded in the forward-backwards character of interactional
temporality, defined here as its prospective nature.

Conclusions

In sum, we present the case for an expanded consideration of the nature of joint action from its current focus in cognitivist accounts
on its representational and inferential aspects occurring in single heads to an inclusive perspective that additionally accounts for its
embodied, situated, and prospectively structured nature that incorporates implicit knowledge within the flow of interaction learned
from previous situated experiences. By doing so, we sought to deepen appreciation of cognitive theories for private humans’ mental
and cognitive experience to include its fundamental embodied, psycho-motor nature and its relevance for social interactions.

This new foundation for understanding joint action impacts on developmental science in complementary domains. For example,
the study of infant imitation has remained polarised and controversial for almost fifty years, stuck between being considered a first sign
of social communication (Meltzoff et al., 2018) or the simple, non-mental heightening of arousal in response to another’s actions
(Oostenbroek et al., 2016). The debate has hinged on whether the imitations observed in such experimental paradigms are statistically
relevant to confirm or not infant imitation as a phenomenon. Such debate has been ongoing, with evidence on both sides, since its first
observation (Meltzoff & Moore, 1977). However, by considering the temporal nature of acting together, the imitative phenomenon can
be better described as nested within a sequence of ongoing expressive, intentional actions between participants, unfolding at different
timescales at the service of multiple intersubjective purposes. Such a view presents an improved theoretical perspective that more
comprehensively accounts for the infant’s lived experience, enacted in time with another. Empirical analysis of the temporal sequence
of expressive action in the paradigm is a logical next step to further elucidate this early form of joint attention, action, and potential for
generating shared meaning (Heimann, 2022; McGowan & Delafield-Butt, 202.3).

Similarly, when interpreting the behaviour of a child or young person with a neurodevelopmental or psychiatric condition such as
autism spectrum disorder, intellectual disability, or Down’s syndrome, superficial interpretation of an expressive action that does not
take into account its context, and without attention to its timing, sequence, and narrative purpose within its situated routine and
present circumstance, could lead to misunderstanding the person’s action. In the case of autism, such superficial interpretation can
miss the meaning of an actions as non-social, when in fact it may be socially intended and specifically socially meaningful (Jaswal &
Alkhtar, 2019). Education and care practitioners have adopted an axiom to improve their careful consideration of the potential of all
non-verbal expressive action, no matter its idiosyncratic peculiarity, ‘all behaviour is communication’.

The present work proposes a rethinking of how we conceive joint action and its development by considering the nature of human
action as prospective, from the beginning of life; of what it takes to share a task in infancy to a more satisfactory redefinition of shared
routines as early embodied interactional contexts, temporally and sequentially grounded, of which infants actively co-create partic-
ipatory experience in, and gain knowledge of, through its shared active generation. On the side, it also offers a reflection on the
different implicit ways of conceiving inter-action, or joint action, embedded in our practice of investigating social cognition, and the
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deep theoretical as well as methodological implications these forms of conceiving joint action have. Doing things with others, un-
derstanding others’ actions, and learning how to be understood is not a straightforward process. It requires a continuous engagement
in sequentially relevant interactions that develop shared experiences, where actions (and the intentions and feelings behind or
stemming from them) acquire narrative meaning as infants and caregivers attend to each other’s interests, feelings, and intentions to
share the focus of their attention in embodied, situated ways. Over time — developmental time and daily lived time — repeated formats
of actions co-create a shared historical sequence, a time frame, which participants have “built... together out of their collaborative
work and it would not exist except for that collaborative work and does not exist unless that work is successful” (Rawls, 2005, p. 122).
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