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Predicting Pointing from Early Emotional Communication
with Mothers, Fathers, and Strangers through the Lens of
Temperamental Reactivity

Chapter based on: Salvadori, Colonnesi, Oort, & Messinger (2024)
Developmental Psychology

A Special Issue in Honor of Jerome Kagan and His Research Legacy

ABSTRACT

Emotional and referential communication are primary expressions of social engagement and
affiliation in infancy and beyond. Although early patterns of dyadic emotional communication may
form a foundation for triadic referential communication and gesture production, the role of
temperament in moderating their association has not been examined. We investigated whether
early dyadic patterns of emotional communication, as well as infant temperamental surgency and
negative affectivity, were associated with later pointing production. Participants were 51 infants
(45% girls) and both their parents (86.5% Dutch). Infant emotional communication (production of
smile, vocalizations, and gaze) was observed during separate home-based face-to-face interactions
with mothers, fathers, and strangers at 4 and 8 months. At both ages, mothers and fathers reported
on infant temperament, and overall means were calculated. Referential communication
(declarative pointing) was measured during structured lab-based observations at 12 and 15 months.
Emotional and referential communication behaviors were microanalytically coded second by
second. Poisson multilevel regression analyses indicated interaction effects between temperament
and smile, vocalizations, and gazes to the adult’s face with each partner in predicting pointing. High
levels of infant temperamental surgency tended to enhance positive associations between dyadic
communication patterns with mothers and fathers and pointing. By contrast, high levels of negative
affectivity tended to dampen associations between communication patterns with stranger and
pointing. Results highlight the importance of infant emotional communication with diverse social

partners and the moderating role of temperament in predicting referential communication.
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INTRODUCTION

Emotional communication in the first year of life and referential communication in the
second year of life characterize infant preverbal interaction. While visual, facial, and vocal
emotional communication behaviors are characteristic of early dyadic interactions (i.e., person-to-
person interactions), referential communication is characteristic of later triadic interactions (i.e.,
person-to-person-to-object interactions). Emotional and referential communication are often
intertwined in and over time, with emotional communication establishing the emotional tone and
context for referential communication. Specifically, early emotional communication in dyadic
interactions is thought to lay a foundation of later-developing, more advanced, triadic
communicative abilities (Adamson & Bakeman, 1985; Colonnesi et al., 2012; Hobson, 2002; Yale et
al., 2003), such that pointing emerges through a continuous developmental process of social co-
construction which has identifiable roots in early social and emotional exchanges (Liebal et al.,
2009; Liszkowski & Riither, 2021). However, while prior research has supported the idea of a
longitudinal association between dyadic and triadic communication (Parladé et al., 2009; Salley et
al, 2016; Striano & Rochat, 1999), the developmental interplay between early emotional
communication and the pointing gesture has not been empirically investigated. In addition, infant
temperament, and particularly emotional reactivity, which is already evident in its positive and
negative connotations at 4 months of age (Kagan & Snidman, 1991; Fox et al., 2001), impacts the
ways infants respond to, and engage with, their environment, influencing both emotional and
referential communication behaviors (Nichols et al., 2005; Salvadori et al., 2022; Vaughan et al.,
2003). We thus examined the developmental interplay between emotional and referential
communication through a temperament lens, framed as high versus low levels of surgency and

negative affectivity (Kagan et al., 1998).

Early Emotional Communication

Preverbal emotional communication refers to the infant’s production of facial expressions,
vocalizations, and partner-directed gaze (Colonnesi et al., 2012; Yale et al., 2003). Facial, vocal, and
visual emotional communication behaviors can vary depending on the infant’s familiarity with the
interaction partner, age, and temperament. From their fourth month of life, infants tend to display
higher levels of smiling with their mothers than with their fathers (Colonnesi et al., 2012, Forbes et
al., 2004; but see Aktar et al., 2017) or with a stranger (Beebe et al., 2009; Bigelow, 1998; Salvadori et
al,, 2022; but see Lin & Green, 2009). Infant vocalization rates appear to be similar with mothers
and fathers (Aktar et al., 2017; Colonnesi et al., 2012; Salvadori et al., 2022), and are typically more
frequent with either parent than with a stranger (Bigelow, 1998; Lin & Green, 2009; Salvadori et al.,
2022; but see also Beebe et al., 2009). In interaction with strangers, infants’ levels of partner-directed
gazing are typically higher than with mothers (Beebe et al,, 2009; Lin & Green, 2009) or fathers

(Salvadori et al., 2022) by the second month of life (Bigelow, 1998; Ioannou et al., 2021).

Early social experiences tend to interact with individual temperamental dispositions to
shape early infant emotional communication behaviors (Aktar & Pérez-Edgar, 2020). In a recent
study, infants’ temperamental (positive and negative) reactivity, as reported by mothers and fathers,
was associated with infant communication during interactions with familiar and unfamiliar

partners at 4 and 8 months. Specifically, infants high in surgency (levels of sociability, impulsivity,
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positive mood) tended to display high levels of smiling, particularly with mothers (versus father or
stranger), and vocalizations, while infants high in negative affectivity (irritability, distress, negative
mood) tended to display lower levels of smiling and partner-directed gaze (Salvadori et al., 2022).

Preverbal emotional communication is central to a wide spectrum of (a)typical social-
communicative functioning over development (e.g., Gangi et al., 2021; Lambert-Brown et al., 2015;
Maestro et al., 2002; Ozonoff et al., 2018; Yirmiya et al., 2006). Interactions with mothers and fathers
may uniquely contribute to different aspects of a child's socio-emotional development (Bogels &
Phares, 2008; Paquette, 2004; Salvadori et al, 2022). Likewise, it may be that early infant
communication behaviors during interaction with strangers (distinct from those with parents)
uniquely predict developmental outcomes (Beebe, 2014; Jaffe et al., 2001; Sheinkopf et al., 2017),
including referential communication. Little is known, however, about the predictive value of early

communication behaviors with familiar and unfamiliar partners in infancy.

Referential Communication: The Pointing Gesture

In the second half of the first year of life, infant interest in matters beyond the face-to-face
dyadic interaction increases (De Barbaro et al, 2013; Striano et al, 2009), and their triadic
communicative and gestural repertoire expands. Infants begin to integrate the use of pointing
gestures in communicative bids, by simultaneously extending the arm and the index finger to draw
attention to an object or event in the environment. Pointing skills typically emerge between the gth
and 12th month of age and consolidate through the 15th month (Carpenter et al., 1998; Liszkowski
et al,, 2012). Declarative pointing (i.e., pointing to refer to an object, as opposed to imperative
pointing to request an object) tends to elicit social interaction by (re)directing the interaction
partner’s attention to share or inform about a third entity, and may imply infants’ awareness of the
partner as a separate, intentional agent (Colonnesi et al. 2008; Sodian et al., 2015). In line with this
interpretation, declarative pointing is associated not only with language production and
comprehension skills (Colonnesi et al., 2010; Iverson & Goldin-Meadow, 2005; Rohlfing et al., 2017;
Salo et al,, 2018) but also to socio-cognitive development, including theory of mind abilities
(Camaioni et al., 2004; Cochet et al,, 2017), emotion regulation (Morales et al., 2005), and lower risk
for autism spectrum disorder (Ibafiez et al., 2013; Werner & Dawson, 2005).

Individual differences in the development of pointing may be associated with variability in
infant temperament, especially emotional reactivity, yet the evidence is relatively inconclusive, in
part because pointing was measured via parent reports (Bruce et al., 2022; Ollas et al., 2020) or more
general observational assessments (Nichols et al., 2005; Vaughan et al., 2003; Salley& Dixon, 2007).
Prior studies seem to converge in indicating that children with a temperamental style characterized
by high surgency are more inclined than children with low surgency to initiate referential
communication behaviors, such as gaze and/or pointing gestures (Bruce et al., 2022; Nichols et al.,
2005; Ollas et al,, 2020; Vaughan et al,, 2003; but see Salley & Dixon, 2007). However, the link
between temperamental negative affectivity and pointing is less clear, with previous studies
reporting positive associations (Bruce et al., 2022; Nichols et al., 2005; Vaughan et al., 2003), inverse
associations (Salley & Dixon, 2007), or no association at all (Ollas et al., 2020). Possibly, infant
temperamental negative affectivity may play an adverse role on their communication only when in

interaction with novel (versus familiar) contextual factors. That is, children high in negative
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affectivity, who exhibit a wary and vigilant style of behavior, may use referential communication as
a means to gather social information to allay their distress with familiar caregivers (Vaughan et al.,
2003), yet may be highly withdrawn from, and inhibited by, novel interaction partners. To date, no
study has examined the predictive value of infant temperamental reactivity in interaction with

diverse partners on the development of pointing.

Emotional and Referential Communication: Concurrent and Longitudinal Associations

From the end of the first through the second year of life, infants increasingly coordinate
gestures with gaze shifts to the partner and objects (Bates et al., 1979; Camaioni et al., 2004; Flom et
al., 2004), vocalizations (Aureli et al., 2017; Cochet & Vauclair, 2010; Grithloh & Liszkowski, 2015;
Murillo & Belinchén, 2012; Perucchini et al., 2021), and positive affect (Parladé & Iverson, 2011;
Striano & Bertin, 2005; Messinger & Fogel, 1988). In triadic interaction contexts, infant visual, facial,
and vocal communication behaviors assume a referential function (Northrup & Iverson, 2020;
Parladé et al., 2009), to share information about a third entity. While there is evidence documenting
the concurrent multimodal coordination of gaze, vocalizations, and smile with gestures, less is

known about their longitudinal association.

Research supports a developmental interplay between dyadic and triadic communication
in which dyadic skills are indexed by re-engagement behaviors like smiling, vocalizing, and gazing
during the still-face paradigm with their mother or a stranger, and triadic skills by initiating gaze or
anticipatory smile with the goal of sharing interest in an object (Parladé et al., 2009; Salley et al.,
2016; Striano & Rochat, 1999). However, evidence for longitudinal associations between early
communication and the production of the pointing gesture is scant. In a previous study, infant early
ability to follow the experimenter’s gaze direction to a (distal) object was found predictive of the
onset and frequency of index-finger pointing (Matthews et al., 2012). Yet, it remains unclear how
the interplay between early behavioral patterns of emotional communication — across different

social contexts — and temperamental reactivity in infancy may predict later pointing production.

The Present Study

The present study was designed to explore the developmental association between
emotional communication in the first year of life and declarative pointing in the second year of life
through the lens of temperament. We adopted a longitudinal, mixed-method approach, which
combined naturalistic observations in the family’s home, experimental tasks in the laboratory, and
parental reports. Infant emotional communication was systematically observed at 4 and 8 months
during separate home-based face-to-face dyadic interactions with three partners (mother, father,
stranger). Specifically, we expected the infant positive affect in general and smiles and vocalizations
in particular (Parladé et al., 2009; Salley et al., 2016; Striano & Rochat, 1999), as well as the frequency
of gazes to the adult’s face (Ibafiez et al., 2008), to be associated with referential communication.
Our measures of referential communication, declarative pointing, was measured at 12 and 15
months, during an experimental paradigm designed to elicit infant gestural communication about
the presence of stimuli behind the experimenter. Preverbal communication behaviors were
microanalytically coded second by second, while infant temperament was reported by both parents

at 4 and 8 months. This study is the first to longitudinally examine the associations between
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emerging trajectories of emotional communication (with diverse partners), in interaction with

infants’ temperamental surgency and negative affectivity, in predicting pointing.
METHODS

Participants

The initial sample consisted of 6o children (27 girls, 33 boys) and their parents, who were
part of a cohort of families involved in a longitudinal study on social-communicative development
in the first two years of life. Participants were recruited in the city of Amsterdam and surrounding
areas via childcare centers, such as kindergartens and schools, therapists, educators, babysitters,
pregnancy courses, family-friendly locations (e.g., cafés with play areas, maternity shops, etc.), and
advertisements in magazines and social media platforms. Inclusion criteria for the larger study were
for the infant not to be the firstborn (i.e., all participating infants had at least one older sibling), to
be biologically related to at least one parent, and for parents to speak either Dutch or English
fluently. To be eligible for inclusion in the present study families must have had participated in at
least one out of the two home visits at 4 and 8 months, and in at least one out of the two lab visits
at 12 and 15 months. Two participants were not present at either 4 and 8 months; five participants
were not present at either 12 and 15 months. In addition, two participants were extremely fussy
during the 12-month lab visit, such that the experimental procedure could not take place, and were
not present at 15 months. The final sample thus consisted of 51 children (23 gitls, 28 boys). There
were no significant differences in gender (p = .972) or temperamental negative affectivity (p = .461)
between excluded and analyzed participants, while surgency levels were higher among excluded
(versus analyzed) infants (p = .020). Infant age at the first home visit ranged from 113 to 139 days (M
=126.20; SD = 7.55) and at the second home visit from 227 to 272 days (M = 250.38; SD = 9.77). Infant
age at the first lab visit ranged from 340 to 407 days (M = 376.16; SD = 10.37) and at the second lab
visit from 447 to 481 days (M = 464.31; SD = 7.53). Table 5.1 presents an overview of families’

sociodemographic characteristics.

This project was conducted according to the Declaration of Helsinki and approved by the
Ethics Review Board of the University of Amsterdam, Faculty of Social and Behavioral Sciences
(protocol code 2016-CDE-7403). Preceding the experiment, informed written consent was obtained
by parents, who were also notified about the possibility to withdraw from the study at any time.
Families received logistic support for their visits (reimbursement for travel costs, arrangement of
parking spots nearby the lab facilities) and were thanked for their participation with vouchers
(10 € at each home visit; 15 € at each lab visit) and a USB drive containing their children’s video

recordings collected over the years.
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Table 5.1. Sociodemographic Characteristics of the Sample (N

Fathers

Mothers

Range %

SD
3.76

Range %

SD

31.07 — 47.61

37.81

28.15 - 42.17

3.34

34.39

Age (years)

82.8

90.2

Dutch ethnicity

1.34

7.02

0.80

7.66

Educational level?

4-10

193

8.15

3-10

1.47

9.08

Professional level®

24- 60

6.51

37.78

45

12.56 o-

26.10

Work hours (per week)

17.6

Full-time job

52.9

Part-time job

From Emotional Communication to Pointing

59
7.8

Unemployed

Housewife

2.0

Student

39
7.8

Sick leave

Maternity leave

1.38

5.36

1-7

1.76

4.34

Income®

Note. Sociodemographic information are missing for one mother (2%) and four fathers (7.8%). “ Measured with an 8-point scale from 1

(primary education) to 8 (university); ® Measured with a 10-point scale from 1 (manual labor for which no education is required) to 10

(labor for which a university degree is required); “ Measured with a 7-point scale from 1 (< 500 euros/month) to 7 (> 5000 euros/month).
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Measures and Procedures

Early Emotional Communication: Home Visits

Infant emotional communication was observed at 4 and 8 months during separate two-
minute home-based face-to-face interaction with their mothers, fathers, and a (female)
experimenter (Salvadori et al., 2022). The order of the interaction partners was fully
counterbalanced across families, within the infant’s gender. At 4 months, the infant was seated in
an infant seat on the table, while at 8 months the infant was seated in a highchair next to the table;
at both ages, the adult sat across from the infant facing them (see Figure 5.1.) A face-to-face
interaction without toys was chosen to increase the comparability of dyadic communication

behaviors at 4 and 8 months.

Figure 5.1. Settings of the Naturalistic Face-to-Face Dyadic Interactions at 4 and 8 Months

Table 4 months
Child @
Camera
Adult
8 months
Camera
Adult
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Parents were instructed to interact with their infant as they would typically do in their
everyday life and were also informed that in case the infant experienced distress or tiredness, the
observation could be interrupted at any time. Experimenters were instructed to be visually attentive
and expressively positive with the infant, in line with the infant's emotional state. Infant-adult
interactions occurred in a quiet room where no other person was present. In the (rare) circumstance
separate rooms were not available due to the structure of the house, parents were situated in the
same room but out of the infant's sight. The interaction was recorded using a mobile dual-lens
camera (Samsung GEAR 360°, 2016) mounted between the infant and the adult to obtain a split-
screen video recording of both interaction partners simultaneously. The experimenters controlled
the recording process from a separate room via a mobile phone connected to the camera, and the
parents (and the older sibling(s)) could participate in watching the ongoing interaction.

Behavioral Coding System. Following Colonnesi et al. (2012) and Salvadori et al. (2022)’s
coding scheme for emotional communication, trained master students coded the infants’ facial
expressions, vocalizations, and gaze. Behaviors were systematically coded at the microlevel, with
an accuracy of up to 1/24th of a second, using The Observer Video Analysis Software XT 14.0
(Noldus, Wageningen). Facial expressions and gaze were coded as state events (i.e., duration in
seconds), while vocalizations were coded as point events (frequency of occurrence), as in infants
younger than 6 months the mean duration of vocalizations is less than 1 second (Yale et al., 2003).

Facial Expressions. Infants’ facial expressions were coded into four categories: “positive”,
identified with closed and opened smiles (with or without eye constrictions) manifested as raising
of the lip corners and cheeks, “negative”, involving frowns and sad/cry faces manifested as lowered-
lip corners, constrictions of the eye region, and opening of the mouth, “neutral”, hence the absence
of positive or a negative displays, and “not codable”, when the face was occluded (e.g., by the child’s
hands) or out of the camera’s focus.

Vocalizations. Infant vocalizations were coded when constituting communicative bids,
such as babbling, giggling, chuckling, and fussing. Vegetative or reflexive sounds, including hiccups,
coughs, and burps were not coded as vocalizations. A pause of duration equal to or longer than 2 s
was used as criteria to determine when one vocalization ended (Dollaghan & Campbell, 1992).

Gaze. Infants’ gaze direction was coded in four categories: “at the partner’s face”, “at the
partner’s body/hands”, “elsewhere”, and “not visible”, when the infant’s eye region was not

observable (e.g., covered, or out of the camera’s focus).

Outcome Variables. Three were our main behaviors of interest: (1) positive affect,
calculated as the percentage of time in which the infant smiled out of the total duration of the
observation, (2) vocalizations, calculated as frequency per minute, and (3) visual engagement,

calculated as frequency of gaze shifts to the partner’s face per minute.
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Inter-rater Reliability. A senior coder randomly selected and double coded 16% of the
observations (42 videos, 21 at each time measurement). Reliability for each behavior was calculated
using the Observer software (Noldus, Wageningen). Inter-rater reliability for smile, vocalizations,
and gaze was assessed with Cohen’s kappa, which is based on the temporal matching of presence-
absence of behavior between the two coders. In addition, for behaviors measured as frequencies of
occurrence (instances of vocalizations and gazes to the partner’s face), inter-rater reliability was
also assessed via intra-class correlations (ICC), which calculated the accordance between the
number of behavioral units between the two coders. Cohen’s kappa coefficients at 4 and 8 months
were: k = .85 and & = .87 for smiling; k = .82 and & = .78 for vocalizations; k = .69 and 4 = .92 for the
gazes to the partner’s face. ICC at 4 and 8 months were: .99 and .98 for vocalizations, and .89 and .98
for the gazes to the partner’s face.

Temperament: Parental Reports

At 4 and 8 months, the Dutch version of the Infant Behavior Questionnaire-Revised Very
Short Form (IBQ-R-VSF; Putnam et al., 2014) was employed to measure infant temperament. The
IBQ-R is a widely used parent report to assess temperament in infants aged 3 to 12 months. Parents
were asked to evaluate how often their infant performed a behavior in the past week by rating 37
items on a Likert scale from 1 (never) to 7 (always). Scores on items were averaged into three final
scales, two of which were of interest in the present study: surgency (or positive emotionality) and
negative affectivity (or negative emotionality). Temperamental surgency relates to the infant’s
levels of sociability, activity, impulsivity, high intensity pleasure, including smiling, laughter, and
vocal reactivity, while negative affectivity refers to irritability, negative mood, and distress to
limitations, including sadness, anger, or fear. As positive associations were found between maternal
and paternal scores for surgency at 4 months (r = .52, p < .0o1) and 8 months (r = .61, p < .001) as well
as for negative affectivity at 4 months (r = .33, p =.003) and 8 months (r = .65, p < .001), we computed
averaged parental measures. In addition, both measures of surgency and negative affectivity showed
high temporal stability from 4 to 8 months (r = .50, p < .001 for surgency and r = .59, p < .0o1 for
negative affectivity); we thus aggregated them into overall mean scores. Cronbach's alpha
coefficients for surgency were o = .59 at 4 months and a = .62 at 8 months, while for negative
affectivity were o = .72 at 4 months and o = .73 at 8 months.
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Declarative Pointing Production: Lab Visits

Infant pointing gesture was assessed at 12 and 15 months during a battery of tests conducted
at the Family Lab of the University of Amsterdam. A familiarization phase - consisting of a semi-
structured interaction with toys on a carpet, preceded the experiment, to acclimatize the infant to
the unfamiliar testing room. We employed an adapted, and extended version of Camaioni and
colleagues (2004)’s pointing gesture task, designed to elicit declarative pointing production.
Children were seated in a highchair in front of a table and the experimenter sat across from the
infant facing them (see Figure 5.2). The infant and the experimenter interacted when a stimulus
(e.g., a toy) suddenly appears from the curtain behind the experimenter, out of her sight (Camaioni
et al,, 2004; Colonnesi et al., 2008). While in the original task only positive emotion-eliciting stimuli
were employed (Camaioni et al., 2004), in the present study we designed three experimental
conditions, which encompassed pleasant as well as neutral and unpleasant stimuli. As stimuli we
employed: (a) a spinning spiral, which created an optical illusion effect, as pleasant stimulus; (b) a
kitchen cloth, which we expected to not trigger an interest reaction, as a neutral stimulus; and (c) a

spider or snake toy (Hoehl et al., 2017), at 12 and 15 months, respectively, as unpleasant stimuli.

Figure 5.2. Setting of the Experimental Pointing Task at 12 and 15 Months

Curtain @ '
Stimulus \\

Camera 2

Experimenter

Table

Child

Parent
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The experimental procedure began with the presentation of the pleasant stimulus, followed
by the neutral and unpleasant stimuli, which order was fully counterbalanced within children’s
gender. Two trials, each 15-second long, were repeated for each emotion-eliciting stimulus, to the
right and left of the experimenter. Experimenters were trained to provide communicative cues to
elicit children’s communicative behavior when looking at the stimulus (e.g, “do you see
something?”). Only if the infant pointed at a stimulus, could the experimenter turn around and
provide a reaction of acknowledgement of the object, congruently to its emotional valence (“Yes, I
see it too, it’s beautiful”, for pleasant stimuli; “Yes, I see it too, brrr it’s scary”, for unpleasant stimuli).

The accompanying parent sat behind the infant, filling out a series of questionnaires on a
tablet. The parent was instructed to remain as affectively neutral as possible if the infant attempted
to engage them. In the event of excessively fussy behavior, infants were repositioned on their
parent’s lap for the rest of the experimental procedure (n = 21 at 12 months; n = 20 at 15 months).
Parents were then further instructed not to engage with their infant. There were no significant
differences in the number of pointing gestures produced at 12 months (p = .580) or 15 months (p
= .261) between infants seated on their parent’s lap and infants seated on the highchair. Likewise,
there were no significant differences in temperamental surgency (p = .086; p = .544) or negative
affectivity (p = .800; p = .244) between infants seated on their parent’s lap and infants seated on the
highchair at 12 or 15 months, respectively. The interaction was recorded by two cameras that were
remotely controlled from a dark room located behind a one-way mirror and generated a split-screen
output of both interaction partners simultaneously.

Behavioral Coding Scheme. Following Camaioni et al. (2004)’s coding scheme, trained
master students coded infants’ declarative pointing production, along with other nonverbal
communication behaviors (e.g., facial expressions, vocalizations, gaze, reaching gestures) which are
not hereby described as they fall out of the scope of the present study. Infants’ declarative pointing
gestures were indexed by the full extension of the arm and of the index finger (such that it was
saliently separate from the other fingers, which were partially or entirely curled back), produced
with the intent to refer to the stimulus out of the experimenter’s sight, hence for the purpose of
social sharing. Pointing to engage with the parent, or to refer to the prior task, were not included.
Rare instances of pointing with a middle finger were counted as index finger points (see also
Matthews et al.,, 2012). For each stimulus, the onset and offset of its presentation was coded as
pleasant, neutral, or unpleasant trial. Videos were systematically coded at the microlevel with The
Observer Video Analysis Software XT 14.0 (Noldus, Wageningen).

Outcome Variables. Pointing was operationalized as a frequency of behavior separately
within pleasant, neutral, and unpleasant trials. Given that in the end of the first year of life, infants
tend to point to refer to objects that were but are no longer visible (Bohn et al.,, 2015), pointing
gestures produced between trials were also included, and assigned to the previous trial. Not all
children had two trials for each valence: At 12 months, two infants were presented with only one
pleasant stimulus; four infants were presented with only one neutral stimulus; five infants were
presented with only one unpleasant stimulus; and one infant was not presented with any
unpleasant stimuli, due to extreme fussiness (n = 5) or the infant being incorrectly positioned (e.g.,

the child is trying to stand up on the table; n = 4). At 15 months, three infants were presented with
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only one pleasant stimulus; two infants were presented with only one neutral stimulus; one infant
was not presented with any neutral stimuli; and one infant was presented with only one unpleasant
stimulus, due to fussiness (n = 2), the infant being incorrectly positioned (n = 2), or procedural error
(n = 1). There were no significant differences in temperamental surgency (p = .969) or negative
affectivity (p = .619) between infants with missing trials and infants with complete trials. Pointing
frequency was expressed with respect to the total expected number of trials (the proportion of

responses multiplied by two) within each valence condition.

Pointing rates across pleasant, neutral, and unpleasant trials were strongly and positively
intercorrelated at both 12 and 15 months, with correlations ranging from .67 to .78 (p’s < .001). We
therefore combined the scores in pleasant, neutral, and unpleasant trials into two total sum scores,
one for each age. Analyses reporting results about pointing within each valence will be presented

in a separate study about infant multimodal coordination of positive affect and gesture.

Inter-rater Reliability. A random 15% of the observations (seven videos at 12 months and
six videos at 15 months) were double coded for pointing. Cohen’s kappa coefficients were k = .78 at
12 and £ = .84 at 15 months. ICC was .95 at 12 months and .91 at 15 months.

Data Analysis
Analytic Strategy

We used multilevel Poisson regression analyses to investigate the predictive value of early
infant emotional communication (smile, vocalizations, and gaze) on pointing production.
Measures of pointing observed at different ages (12 and 15 months) were considered as ‘nested’
within children. Age was included in the analysis as a binary coded predictor variable (unity in case
of measurement at 15 months, zero otherwise). Infant emotional communication variables at 4 and
8 months were included as ‘child-level’ predictors, as were temperamental surgency and negative
affectivity, and their interactions. To facilitate interpretation of regression coefficients and prevent
multicollinearity, all continuous explanatory variables were centered on their grand means (i.e.,
standardization; Hox, 2002; Snijders & Bosker, 2011). The effects of early emotional communication
on pointing were tested with three separate models for the three interaction partners (i.e., mother,
father, and stranger). All analyses were performed using the statistical software program R (Version
4.0.5; R Core Team, 2019) with the multilevel package (Version 2.6, Bliese, 2016). Anonymized data
and analysis codes are available from the first author upon request.

Statistical Assumptions

Due to scheduling difficulties, five infants (9.80% of the sample) lacked 4-month data, three
infants (5.88%) lacked 8-month data, six infants (11.76%) lacked 12-month data, and nine infants
(17.75%) lacked 15-month data. An additional infant’s 4-month data (1.96% of the sample) was not
usable due to technical recording issues. In addition, due to extreme fussiness, one infant’s 12-month
data and three infants’ 15-month data were unavailable. There were no significant differences in
gender (p = .314), surgency (p = .426), or negative affectivity (p = .143) between infants with missing
visit data and infants with data for all visits. In addition, despite the home visit being present, five
infants at 4 months and 11 infants at 8 months lacked observation data with one or two partners due

to extreme fussiness. Of the five infants at 4 months, one lacked observation with mother; two
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lacked observations with father; three lacked observations with stranger. Of the 1 infants at 8
months, two lacked observations with both mother and stranger; two lacked observations with
mother; four lacked observations with stranger; and three lacked observations with father. An
additional three infants’ observations with father at 8 months were not available due to fathers'
absence from the home at the moment of data collection. Temperament data were available for all
children at 4 months, and were missing for five children at 8 months. We assumed that missing was
at random (Little’s test y2 (235) = 185, p = .993), and we conducted multilevel analysis that enabled
the use of all available information, including data from incomplete cases, resulting in unbiased
parameter estimates and standard errors (Snijders & Bosker, 2011). Missing values in the predictor
variables were managed through multiple imputation methods (Graham, 2009).

Univariate outliers (i.e., z-scores exceeded + 3.29) were rare (one in infant vocalizations with
strangers at 8 months and one in infant pointing at 12 months), and were replaced by scores one
unit larger than the next most extreme score (Tabachnick & Fidell, 2013). There were no
multivariate outliers (Mahalanobis’ distances > .oo1 on the x* distribution; Cabana et al.,, 2021). As
the outcome variables were counts of pointing, and followed a positively skewed distributions, we

employed Poisson regression analyses. Some of the early emotional communication variables were

also moderately skewed (see Supplementary Material), while temperament variables were normally
distributed. As multilevel regression analysis is reasonably robust to violation of normality of the
predictors (Tabachnick & Fidell, 2013), no transformations were applied. We detected minimal risk
of multicollinearity (variance inflation factors and tolerance values were within the recommended
acceptable ranges), meaning that the predictors could be simultaneously assessed in the regression

models (Hair et al., 2010).

RESULTS

At 12 months, 59.1% of the children (n = 26 out of 44) produced at least one pointing gesture.
At15 months, 71.8% of the children (n = 26 out of 39) produced at least one pointing. Table 5.2 reports
descriptive statistics of all variables. Pointing counts at 12 and at 15 months were positively

correlated, 7 =.50, p =.004, indicating a moderate degree of longitudinal stability (see Table 5.3).

We describe and interpret the main results of the final multilevel Poisson regression models
for each interaction partner (mother, father, and stranger) in the subsections below (see Table 5.4).
We created scatterplots (R-package “ggplot2”; version 3.3.3, Wickham, 2016) to facilitate the
interpretation of interaction effects between early infant emotional communication and
temperament, with three separate lines for infants scoring low, medium, or high in temperamental
surgency and negative affectivity, respectively. To this end, we divided the sample in 3 groups of
equal size (n = 17). In interpreting results below, we refer to “higher levels” of temperamental
reactivity when the medium group showed a similar pattern as the high group, and to “lower levels”
when the medium group showed a similar pattern as the low group.
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Table 5.2. Descriptive Statistics of the Study Variables by Infant Age

Age

15 Months

12 Months

8 Months
Father

4 Months

Father

Stranger

Mother

Stranger

Mother

M (SE) M (SE)

M (SE) M (SE) M (SE) M (SE) M (SE)

M (SE)

Emotional Communication

3016 (3.73)
2.48 (0.43)

28.72 (2.95)
575 (0-53)

36.93 (3.34)
558 (0.55)

26.91 (3.47)
2.87 (0.39)
3.04 (0.25)

24.01 (2.64)
4.04 (0.44)
3.71 (0.25)

29.63 (3.50)
4.95 (0.49)

Smile

Vocalizations

4.41(0.22)  515(0.27)

4.57 (0.24)

3.51 (0.24)

Gaze

Referential Communication

From Emotional Communication to Pointing

3.22 (0.67)

2.60 (0.58)

Pointing

M (SE)

Temperament

4.25(0.09)

Surgency

3.25 (0.10)

Note. Smile is quantified as percentage of duration out of the total observation; frequency of vocalizations and gazes to the adult’s face are

Negative Affectivity

quantified as behavior per minute; pointing is quantified as counts. Temperament variables are measured with a 7-point scale from 1 (never) to 7

(always), and scores are an overall mean of mothers and fathers’ reports at 4 and 8 months.
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Table 5.3. Pearson Intercorrelations among the Study Variables

Smile.M.8
Voc.M.8

Neg.Affect

Smile.S.8
DP.12
DP.15

Gaze.M.4
Gaze.M.B
Smile.F.4
Voc.F.4

Gaze.F 4
Smile.F.8
Voc.F.8

Gaze.F.8
Smile.S.4
Voc.S.4

Gaze.S.4
Voc.S.8

Gaze.S.8
Surgency

Voc.M.4

w
Ej
@®
=
=
@ smiema

vocms @
Gaze.M 4 .
Smile.M.8 .
Voc.M.8 o
Gaze M.8 .
Smile F 4 ¢ i
Voc.F 4 . ! C
Gaze F 4 . |
Smile F 8 o
Voc F 8 9o
Gaze F.8 . I
Smile. S 4 .

0.8

0.6

04

0.2

Voc.S 4 . - 02

Gaze S 4 ) .

Smile.S.8 . ® L 04

Voc.S.8 .

Gaze.S.8 ) @ 06

Surgency - .

Neg.Affect .
DP.12 . :
DP.15 : o9

Note. Emotional Communication variables are organized by partner and age (M = mother, F =
father, S = Stranger). For example, Smile.M.4 indicates infant duration of smiling during
interaction with mother at 4 months. Voc refers to vocalizations. Neg.Affect refers to
temperamental negative affectivity. DP refers to declarative pointing.
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Table 5.4. Multilevel Estimates for Models Predicting Pointing Gesture from Early Emotional
Communication with Mothers, Fathers, and Strangers

Infant with Mother with Father with Stranger
B (SE) p B (SE) p B (SE) p

Intercept 15(20) 478 | .32(20) m3 | .00(20) .989
Age ' :

15 (vs. 12) months 28(14) .049 22(14) 128 25(14)  .070
Smile

4 months 25(20) 227 | a1(21) 509 | a2(17) 482

8 months 40 (17)  .024 -18 (.22)  .416 -22(18) 235
Vocalizations

4 months 14(19) 468 i .38(18) .034 i .09(18)  .602

8 months 10(16) 537 -1 (21)  .606 31(17)  .068
Gaze

4 months 28(15) .o72 | -08(16) 624 | .o1(18)  .g72

8 months .04 (.17) 799 -07(19)  .716 55(19)  .004
Temperament '

Surgency 13 (18) 461 -.46 (.20)  .023 -12 (a15) 427

Negative Affectivity 24(17) 163 | .64(20) 001 | .6 (16) .315
Smile x Temperament :

4 months : Surgency -07(.27) 790 19 (18) 294 -23(13) .064

8 months : Surgency 71(22) 001 | .76(32) 015 | .65(22) .003

4 months : Negative Affectivity 20(25) 434 | -24(22) 274 | -50(17) .003

8 months : Negative Affectivity 14 (15) 331 | -07(18) .694 | -05(18) .788
Vocalizations x Temperament :

4 months : Surgency 48(16)  .003 | -69(28) .o14 | -25(25) .324

8 months : Surgency 19 (.23)  .399 -.39 (.25) 120 : -39(.24) .100

4 months : Negative Affectivity -.08(.20) .683 L ap (24) 537 ") (18)  .506

8 months : Negative Affectivity -49 (.23) .035 — (22) .338 -53(.26) .o41
Gaze x Temperament :

4 months : Surgency 23(19) 240 | .41(19) 028 | -15(19) .416

8 months : Surgency .36 (17)  .033 | 02 (23) .925 | (21)  .499

4 months : Negative Affectivity -03(.24) .893 : 50 (.21)  .017 o1 (24) .98

8 months : Negative Affectivity .53 (.16) 001 | .24(.20) .223 -48(19) .013

Note. All numbers are standardized regression coefficients of the final multilevel regression
models. These coefficients B can be interpreted as an effect size d for the binary indicator variable
(age) and effect sizes r for the continuous predictors. Underlined p-value denote statistical

significance at alpha level 0.05.
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Mother

There were no main effects of temperamental surgency or negative affectivity on the rates
of pointing. However, total smile duration at 8 months was directly, positively associated with
pointing, indicating that higher levels of smiling predicted higher rates of pointing. Interactions
between early emotional communication behaviors and temperament were frequent. The overall
positive effect of smile duration at 8 months was moderated by temperamental surgency, such that
the association between smiling and pointing was positive at higher levels of surgency, but negative
at low levels of surgency (Figure 5.3a). Similarly, there was an interaction between the frequency of
vocalizations at 4 months and surgency, such that the association between vocalizations and
pointing was positive at higher levels of surgency, while no association was apparent at low levels
of surgency (Figure 5.3b). There was also an interaction between the frequency of vocalizations at 8
months and temperamental negative affectivity: Vocalization frequency at 8 months was positively
associated with pointing at low levels of negative affectivity, but negatively associated with pointing
at higher levels of negative affectivity (Figure 5.3c). In addition, there were interaction effects
between the frequency of gaze shifts to the mother’s face at 8 months and temperament. Gaze
frequency was positively associated with pointing at higher levels of surgency, while no association
was apparent at low levels of surgency (Figure 5.3d). Gaze frequency was also positively associated
with pointing at high levels of negative affectivity, while no associations were apparent at lower
levels of negative affectivity (Figure 5.3e). In sum, findings suggested that high levels of surgency
enhanced associations between infant smile, vocalizations, and gaze with the mother during the
first 8 months of life and later production of pointing at 12 and 15 months. By contrast, high levels of
negative affectivity dampened the association between vocalization frequency and pointing but

enhanced the association between gaze and pointing.

Father

Temperamental negative affectivity was positively associated with rates of pointing,
whereas surgency was negatively associated. Vocalization frequency at 4 months was also directly,
positively associated with pointing. The overall positive effect of vocalization frequency at 4 months
was moderated by temperamental surgency, such that the association between vocalizations and
pointing was positive at lower levels of surgency, but negative at high levels of surgency (Figure
5.4a). By contrast, there was an interaction effect between smiling at 8 months and surgency, such
that the association between smiling and pointing was positive at high levels of surgency, but
negative at lower levels of surgency (Figure 5.4b). There were also interaction effects between the
frequency of gaze shifts to the father’s face at 4 months and temperament. Gaze frequency was
positively associated with pointing at higher levels of surgency, while this association was negative
at low levels of surgency (Figure 5.4c). Gaze frequency was also positively associated with pointing
at high levels of negative affectivity, while no associations were apparent at lower levels of negative
affectivity (Figure 5.4d). In sum, with fathers, as with mothers, high levels of infant surgency
enhanced the associations between smiling and gaze in the first 8 months and later pointing.
However, vocalization frequency positively predicted pointing only when levels of infant surgency
were not high. Furthermore, as with mothers, high levels of negative affectivity enhanced the
association between gaze and pointing.

120

medium —* high

low
Vocalizations 8 months

Negative Affectivity

Bunuiod (pesoipald)

medium —— high
medium high

low

low
Gaze 8 months

Vocalizations 4 months

Surgency
Negative Affectivity

Bunuiod (pajolpaid) Bunuiod (petoipald)

high
high

medium -
medium

low

Smile 8 months
low

Gaze 8 months

Surgency
Surgency

Bunuiod (pesoipald) Bunuiod (peyoipald) |

Note. Each point on the graph represents the predicted count of pointing gestures for an infant at 12 and/or 15 months of age. The Y-axis
represents the natural logarithm of the predicted values of pointing, as in the Poisson regressions the linear relation between the explanatory
variables and the expected counts of the outcome variable are modelled on a log scale. For example, a (predicted) value of -2 on the Y-axis

Figure 5.3. Pointing Predicted by Infant Emotional Communication with Mother and Temperament

From Emotional Communication to Pointing

corresponds to the exponential function (e”(-2)) and translates to approximately o.14 predicted counts of pointing, while a value of 2

translates to approximately 7.39 predicted counts of pointing.
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Figure 5.4. Pointing Predicted by Infant Emotional Communication with Father and Temperament

From Emotional Communication to Pointing

Figure 5.5. Pointing Predicted by Infant Emotional Communication with Stranger and Temperament
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Note. Each point on the graph represents the predicted count of pointing gestures for an infant at 12
and/or 15 months of age. The Y-axis represents the natural logarithm of the predicted values of
pointing, as in the Poisson regressions the linear relation between the explanatory variables and the
expected counts of the outcome variable are modelled on a log scale. For example, a (predicted)
value of -2 on the Y-axis corresponds to the exponential function (e”(-2)) and translates to
approximately 0.14 predicted counts of pointing, while a value of 2 translates to approximately 7.39
predicted counts of pointing.

Stranger

There were no main effects of temperamental surgency or negative affectivity on the rates
of pointing. However, the frequency of gaze shifts to the stranger’s face at 8 months was directly,
positively associated with pointing. This overall positive effect was moderated by temperamental
negative affectivity, such that the association between gaze frequency and pointing was negative at
high levels of negative affectivity (Figure 5.5a). Vocalization frequency at 8 months was also
negatively associated with pointing at high levels of negative affectivity (Figure 5.5b), as was smile
duration at 4 months (Figure 5.5¢), while associations were positive at lower levels of negative
affectivity. In addition, there was an interaction effect between smile duration at 8 months and
temperamental surgency, such that smiling was negatively associated with pointing at low levels of
surgency, while no associations were apparent at higher levels of surgency (Figure 5.5d). In sum,
infant temperamental negative affectivity played a dominant role in the stranger model, with high
levels of negative affectivity dampening associations between smile, vocalizations, and gaze in the
first 8 months and the later production of pointing. Still, with strangers, as with parents, smiling
interacted with surgency in predicting pointing, with low levels of surgency dampening the

association between smiling and pointing.
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Note. Each point on the graph represents the predicted count of pointing gestures for an infant at 12
and/or 15 months of age. The Y-axis represents the natural logarithm of the predicted values of
pointing, as in the Poisson regressions the linear relation between the explanatory variables and the
expected counts of the outcome variable are modelled on a log scale. For example, a (predicted)
value of -2 on the Y-axis corresponds to the exponential function (e”(-2)) and translates to
approximately o.14 predicted counts of pointing, while a value of 2 translates to approximately 7.39
predicted counts of pointing.

DISCUSSION

Our findings provide initial empirical evidence for longitudinal associations between early
emotional communication behaviors in the first year of life and declarative pointing production in
the second year of life. Notably, with each partner (mother, father, and stranger), at least one
temperament dimension formed a significant interaction with each emotional communication
modality (smile, vocalizations, gaze) in predicting pointing. High levels of temperamental surgency
tended to enhance the positive associations between early emotional communication behaviors
with mothers and fathers and pointing, while high levels of negative affectivity tended to dampen
the associations between early communication behaviors with strangers and pointing. Findings
support the proposition that early emotional communication in dyadic interactions is a foundation
of later triadic referential communication (Adamson & Bakeman, 1985; Hobson, 2002; Legerstee et
al, 2007; Striano & Rochat, 1999; Terrace et al., 2022), and highlight the central role of
temperamental reactivity in shaping individual differences in preverbal communication (Aktar &
Pérez-Edgar, 2020; Kagan et al., 1998).

123



Chapter 5

Smile

There was a direct, positive association between levels of infant smiling with mothers at 8
months and frequency of pointing at 12 and 15 months. Individual differences in infant
temperamental surgency moderated the predictive value of smiling at 8 months with each partner
(mother, father, and stranger) on pointing, such that this association was most positive among
children who were rated by their parents as having high levels of surgency. It may be that both
observed infant smiling and parent reports of surgency, which involved ratings of sociability,
positive emotionality, and approach behavior, reflect high levels of positive affect. If so, high multi-
measurements of positive affect are associated with pointing. Smiling may have been especially
predictive of later pointing at 8 months because this age represents a time window for capturing
infants’ social initiatives in face-to-face interaction, such as exhibiting positive affect in an attempt
to actively (re)engage the caregiver (Cohn & Tronick, 1987; Kaye & Fogel, 1980) or a stranger (Striano
& Rochat, 1999). One possibility is that affective awareness of the other already present in dyadic
interaction supports the development of referentiality, which implies a more explicit awareness of
the other (Hobson, 2002; Reddy, 2001; 2003). In anticipatory smiling, for example, the sequence of
smiling at an object and then gazing toward an adult suggests the communication of positive affect
(Parladé et al., 2009; Jones & Hong, 2001; 2005), an instantiation of the proposition that positive
emotions are a bridge to referentiality (Feldman, 2007b; Nelson, 1985; Stern, 1924).

Vocalizations

Direct associations between early frequency of vocalizations and later pointing production
were rare. One exception was the direct, positive association with vocalization frequency with
fathers at 4 months, an effect which was inexplicably reversed among children with high levels of
temperamental surgency. Thus, among children with high surgency, high levels of vocalizations
with mother were associated with high levels of pointing, but high levels of vocalizations with father
were associated with low levels of pointing. On the other hand, among children with high negative
affectivity, levels of vocalizations both with mother and stranger were associated with low levels of
pointing. Although it might be intuitive to assume that early infant vocalizations would be the most
powerful predictors of later pointing production, in the present study we found no consistent
evidence for such direct associations. A possible explanation is that only specific kinds of
vocalizations (e.g., positive versus negative vocalizations) are directly associated with later pointing
(Kent, 2022). The fact that in the present study infant vocalizations were not separately analyzed as
positive, negative, or neutral is a limitation. Infants with high levels of both vocalizations and
temperamental negative affectivity might be infants who fussed relatively frequently in the
interaction, and who later produced less pointing. While there is wealth of research describing the
developmental interplay between declarative pointing production and later expressive and
receptive language (e.g., Colonnesi et al., 2010; Liike et al., 2017; Rohlfing et al., 2022; Salo et al., 2018;
Sansavini et al., 2019), to our knowledge, no prior study has observed their longitudinal association
from the other direction, that is: from early vocalizations in the first year of life to later gesture
production. Given that vocalizations during the end of the first year of life provide a foundation to
later expressive vocabulary (Donnellan et al., 2020; McGillion et al., 2013), future research should
address the indirect pathways from early vocal communication to later word use through pointing.
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Gaze

Infant frequency of gaze shifts toward the adult’s face was employed as variable of interest
to capture visual social engagement, as previous research has suggested its manifestation in early
interactions to be longitudinally associated with later (a)typical social functioning (Gangi et al.,
2021; Ibaflez et al., 2008; Ozonoff et al., 2018). In addition, as episodes of eye contact provide children
with information about their environment by establishing reference, intention, and context to
associate meaning with particular utterances (Woodward, 2005), prior research has supported a
developmental link between early gaze patterns and later language development and theory of
mind (Brooks & Meltzoff, 2008; 2015). Similarly to smile and vocalizations, nevertheless, we found
little support for direct associations between gaze shifts to the partner’s face and later pointing
production. An exception was the frequency of gazes to the stranger’s face at 8 months, which was
positively associated with pointing, unless the infant had high levels of temperamental negative
affectivity. With either mother or father, associations between gaze and later pointing were most
positive both among children with high levels of surgency and among children with high levels of
negative affectivity. Infant levels of visual attention tend to be high with a positive as well as with a
negative emotional valence. We can therefore assume that also high levels of a specific
temperamental reactivity (positive or negative emotionality) can enhance more attention and later
on act on attention direction through pointing.

Research Implications

Declarative pointing constitutes a prelinguistic foundation of human communication
(Colonnesi et al., 2010; Liszkowski, 2018), whose absence is a marker of atypical development,
including autism spectrum disorders (Ibaflez et al., 2013; Werner & Dawson, 2005; Winder et al.,
2013). This longitudinal study identifies interaction patterns between early infant emotional
communication with diverse partners and temperamental reactivity in predicting later pointing
production. Our findings thus carry significant implications for interventions aimed to promoting
early social-communicative and language development in early childhood. Notably, current
findings provide compelling evidence for the importance of taking temperamental surgency and
negative affectivity into account when considering interventions directed toward early emotional
communication to influence later pointing production, since this developmental pathway may
differ depending on children’s levels of temperamental reactivity. Surgency played a central role in
moderating associations between early emotional communication behaviors with mothers and
fathers and pointing: When levels of infant surgency were high, the more infants communicated
with their parents, the more inclined they were to produce pointing later on in development. By
contrast, negative affectivity played a more dominant role in moderating associations between early
emotional communication with strangers and pointing: Visual, facial, and vocal communication
behaviors with the stranger were positively predictive of later pointing production, except when
levels of infant negative affectivity were high. In addition, with either parent, high levels of infant
negative affectivity enhanced the association between gaze and pointing, as high levels of infant
surgency did. This suggests that moderating (intensifying or dampening) effects of infant

temperament on the association between early emotional communication and pointing may vary
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by the infant’s degree of familiarity with the interaction partner, and, ultimately, that children with
different temperamental dispositions may benefit from early interventions in different ways.

Temperamental negative affectivity has commonly been conceptualized as potentially
challenging for social-communicative functioning (e.g., Salley & Dixon, 2007; McNally & Quigley,
2014; Dixon & Smith, 2000), as it requires the regulation of emotional distress (Rothbart & Bates,
1998). Our findings suggest that this may be indeed the case in interaction with novel social
experiences, such as an encounter with a stranger, which may elicit infant vigilance. Yet, infants
with a temperamental style characterized by high emotional reactivity -encompassing both
surgency and negative affectivity- tend to exhibit elevated levels of activity with the surrounding
environment (Komsi et al., 2006), and may thus be inclined to elicit higher levels of attention and
interaction than infants who are more passive and socially hesitant (Bruce et al., 2022; Molfese et
al,, 2010), especially during interactions with familiar partners (Spinelli et al., 2018). As a result,
children with high levels of temperamental reactivity may gain access to a greater spectrum of social
situations within which to experience referential communication, and, in turn, may be advantaged
in their communication development, including gesture production (Bruce et al.,, 2022; Nichols et
al., 2005; Vaughan et al., 2003; but see Ollas et al., 2020) and language skills (Molfese et al., 2010;
Moreno & Robison, 2005; Salley & Dixon, 2007; Spinelli et al., 2018).

Strengths, Limitations, and Future Directions

Our longitudinal study spanned from 4 to 15 months of age, a central period for the
emergence of communication skills (Beuker et al., 2013). In addition, 4 - 6 months is a critical
window into temperamental reactivity, before variation in temperamental regulation emerges
(Aktar & Pérez-Edgar, 2020). We employed a mixed-method design which combined naturalistic
observations, experimental procedures, microanalytic coding of behavior, and parental reports. The
integration of naturalistic and experimental observations as well as of parental reports enabled us
to obtain a fine-grained picture of infants’ communication development over the first two years of
life through multiple levels of analyses. In particular, this study is innovative for the adoption of
both maternal and paternal reports, to gain the widest access to observations of children’s
temperamental qualities (Putnam et al., 2001). In contrast to prior cross-sectional studies linking
temperament and pointing production (Nichols et al., 2005; Salley et al., 2007; but see Bruce et al.,
2022; Ollas et al., 2020; Vaughan et al., 2003), we employed temperament measures in the first half-
year of life to longitudinally predict pointing. To date, this study presents the first empirical
evidence of longitudinal associations between temperamental surgency and negative affectivity as

early as 4 months and later referential communication.

The current longitudinal research has limitations. As in many previous studies, infant
production of declarative pointing gesture was measured only during interaction with the
experimenter. Infants’ familiarity with the interaction partner and the dyad’s interactive history, as
well as adults’ knowledge and interest, may nonetheless modulate infant pointing production (Flom
et al., 2004; Liszkowski et al., 2006; 2008; Meins et al., 2011; Rohlfing et al., 2017). Future research
should therefore investigate the predictive value of early emotional communication on later
pointing production tracing developmental trajectories across diverse interaction partners.

Furthermore, to attain a deeper understanding of the communicative intention underlying infant

126

From Emotional Communication to Pointing

gestural production (e.g., expressive, informative, or interrogative motives), future directions
should examine infant multimodal coordination of pointing with other behaviors, including gaze
direction, smiling, and vocalizations, which reinforce the communicative value of the act of
pointing.

Another limitation of the present research concerns its moderate sample size, which
nonetheless yielded abundant information through the infants’ numerous repeated observations
over development. Larger samples would substantiate the empirical findings. In particular, it is
crucial to investigate individual differences in communication development in larger samples that
are representative of diverse, multicultural societies. Most studies on infant development have been
conducted on small samples from middle or upper class families in Western developed countries,
such as North America and Europe (Tomlinson et al., 2014). Ideally, to increase result
generalizability, future research should include samples across diverse cultures (e.g., individualistic
versus collectivist societies). In addition, it is important to acknowledge that the exploratory nature
of our analyses and the considerable number of significance tests documented in Table 5.4 may have
led to an increased risk of detecting false positives (i.e., type I errors). Replication studies are thus
warranted to validate the stability of current findings.

Finally, while the current study advances our knowledge on the moderating role of infants’
individual temperamental dispositions in the association between early communication in dyadic
interactions and later communication in triadic interactions, we did not examine the role of
parents’ dispositions or behaviors (e.g., Riither & Liszkowski, 2023; Salvadori et al., 2021). For
example, prior research suggested that maternal attunement (attention and positive affect) and
vocal contingency in response to the infant’s vocalizations during early face-to-face interactions in
the first half-year of life may serve as scaffolding mechanisms for infant referential communication,
indexed by gesture, gaze, or vocalization behaviors during interactions with the mother (Bigelow et
al. 2010; Legerstee et al.,, 2007). To gain a better understanding of the underlying mechanisms of
emotional and referential communication, future research should thus investigate the role of infant
as well as parent factors, and their interaction.

CONCLUSION

The present study offers initial empirical evidence for the predictive value of multiple early
infant emotional communication behaviors in dyadic interactions (i.e., smile, vocalizations, and
gaze) on later declarative pointing. The strength and direction of these longitudinal associations
varied as a function of the identity of the interaction partner (mother, father, or stranger) as well as
the infant’s temperamental reactivity levels. Notably, high levels of temperamental surgency
enhanced the positive associations between early emotional communication behaviors with
mothers and fathers and pointing. By contrast, high levels of negative affectivity dampened the
associations between communication behaviors with strangers and pointing. Together, findings
indicate how referential communication is built on infants’ early emotional experiences and
temperamental dispositions. Future research should examine how emotional and referential
communication continue to influence one another throughout early childhood, and influence
development later in life.
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