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Abstract 

Infant deictic gestures, particularly infant index-finger pointing, are early manifestations of 

referential communication and are predictive of language development. Despite the social 

nature of gestures, research investigating the influence of social interaction experiences on 

infants’ gesture development is limited and results are inconsistent. Two social learning 

mechanisms and their parental behavioral correlates are of particular interest. First, parents’ 

relevant referential uptake in response to infants’ interest and communication possibly 

facilitates infants’ communicative development (Cameron-Faulkner et al., 2015; Ger et al., 

2018). Second, parents’ own referential gestures (i.e., pointing) are a pertinent behavior 

through which infants learn via imitation (Liszkowski et al., 2012; Rüther & Liszkowski, 

2023). However, other studies did not confirm the relationship between parent and infant 

pointing (Ger et al., 2023; Matthews et al., 2012; Salo et al., 2019). For this dissertation, I 

examined the causal effects of parental responsiveness and pointing on infants’ gesture 

development. In Study 1, I present a novel remote paradigm to observe infant pointing, 

parental responsiveness, and pointing in a natural interactional setting. In Study 2, parents 

received specific instructions regarding their responsiveness and their pointing frequency to 

assess whether 12-month-old infants directly adapt their pointing frequency to parental 

behavior. In Study 3, I investigated the relationship between infants’ pointing frequency and 

parental behavior in the context of a longitudinal parent-based training. The one-month 

training targeted parental responsiveness and pointing in interaction with their 12-month-old 

infants. Study 4 examined the influence of parental responsiveness and pointing on the 

development of infants’ showing and pointing gestures from seven to ten months of age. The 

included training group was instructed to respond contingently to infants’ interest and 

communication. Results of Study 1 showed that infants’ pointing frequency, parental 

responsiveness and pointing in the remote paradigm were comparable to established 

laboratory-based methods. Infants in Study 2 increased their pointing frequency directly in 
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reaction to increased parental responsiveness and independently of parents’ pointing 

frequency. Parental responsiveness emerged as a longitudinal predictor of infants’ pointing 

frequency and contributed to the promoting effect of training in Study 3. In Study 4, infants’ 

development of showing and pointing gestures was differentially predicted by parental 

behavior. Training exclusively promoted infants’ showing gestures. I conclude that infants’ 

deictic gesture development is influenced by social interactional experiences, such as parental 

responsiveness and parental pointing, in interaction with infants’ social cognitive 

development.  

 

 

 

Keywords: Gesture development, pointing, responsiveness, social interaction, infant 

communication training 
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1. Introduction 

Human communication is characterized by its complexity and exceptional level of 

flexibility (Tomasello, 2010). In the context of human communication, language occurs as 

the primary concept. It can reasonably be argued that language represents the pinnacle of 

communicative development. By employing and combining most arbitrary sound signals, 

humans can refer to absent entities and abstract concepts such as ‘freedom’ or ‘seconds’ 

(Borghi et al., 2021; Luchkina & Waxman, 2023). While children typically master the 

subtleties of language at school age, infants across cultures engage in communication from 

an early age (Cote & Bornstein, 2021). A thorough understanding of the evolutionary and 

ontogenetic origins of language requires an investigation of the developmental trajectories 

that lead from infants’ innate social orientation to gestural communication and on to 

language acquisition. In the subsequent section, I discuss early developmental milestones 

relevant to human communication development and their occurrence in other primates that 

have not evolved a comparable natural language system.  

The profound social motivation of infants (Grossmann & Johnson, 2007; 

Liszkowski & Rüther, 2021; Over, 2016) is demonstrated from birth in the dyadic 

reciprocal exchange of eye contact, facial expressions, and vocalizations between infants 

and parents1 (Boiteau et al., 2021; Haviland & Lelwica, 1987; Lavelli & Fogel, 2002). It is 

proposed that this primary intersubjectivity shapes infants’ development, culminating in 

joint attention and ultimately in word learning (Moll et al., 2021; Terrace et al., 2022). 

Indeed, infants who displayed more reengaging behavior in a still-face paradigm showed 

more signs of joint engagement three months later (De Schuymer et al., 2011; Striano & 

Rochat, 1999). The relationship between early interactional experiences and later social 

                                                           
1 Throughout the thesis I use the term parent to refer to the infants’ primary caregiver, 

independent of the exact family relations. 



PARENTAL INFLUENCE ON THE DEVELOPMENT OF GESTURES 2 

 
 

cognitive development is supported by the finding that infants who are securely attached 

and who experience low levels of maternal postpartum depression are more likely to 

demonstrate increased gaze following abilities at six and ten months of age (Astor et al., 

2020). Moreover, dyadic interaction facilitates infants’ perception of others as intentional, 

goal-directed agents (Reddish et al., 2019, Reddy, 2015; Rochat, 2007). The attribution of 

intentionality and mental states to an interaction partner is a prerequisite for joint attention 

and shared reference (Brandone, 2015; Tomasello et al., 2005; Woodward 2009). By 

considering others mental states, infants begin to expand situations of aligned attention 

with the element of joint attention around the age of nine months (Carpenter et al., 1998; 

Striano & Bertin, 2005; Tomasello et al., 2005). During joint attentional episodes, 

interaction partners share attention to an object and are recursively aware of their doing so 

(Kaplan & Hafner, 2006; Moore & Dunham, 2014; Tomasello, 1995). Tomasello and 

colleagues propose that the ability to engage in joint attention derives from a set of social 

cognitive skills termed ‘shared intentionality’. Shared intentionality allows humans to form 

interpretations, understandings, and cooperative plans that they commonly agree on 

(Tomasello & Carpenter, 2007; for a current overview, see Chater et al., 2022). It is clear 

that a mutually shared attentional frame is essential for successful communication, as it 

allows for the resolution of ambiguity in prelinguistic and linguistic exchanges by inferring 

the speaker’s intentions (Bohn & Frank, 2019; Liebal et al., 2009; Wilson & Carston, 

2019). In chapter 1.1, I elaborate on infants’ prelinguistic abilities to initiate and actively 

engage in episodes of joint attention. 

In order to identify the early roots of human language, it is useful to briefly outline 

the relevant differences between humans and closely related species that did not develop a 

comparable natural language. Research yields evidence that non-human primates display a 

social orientation (Kano et al., 2018) and synchronize their body movements (Nishikawa et 
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al., 2021; Yu & Tomonaga, 2016). Moreover, vocal exchanges in bonobos depend on their 

maintained social bonds (Levréro et al., 2019). Non-human primates follow others gaze 

(Bettle & Rosati, 2019; Ferrari et al., 2000; Tomasello et al., 1998) and capuchin monkeys 

adapt their behavior to the goal-directed intentions of an experimenter (Phillips et al., 

2009). However, these sophisticated social skills are less pronounced in non-human 

primates compared to humans (for an overview, see Carpenter & Call, 2013). For example, 

Wolf & Tomasello (2019) found a positive effect of co-oriented attention to a video on 

subsequent physical closeness in non-human primates. In a second set of studies (Wolf & 

Tomasello, 2020), they introduced a moment of gaze exchange into the sequence of co-

oriented attention. While human infants showed a preference for proximity to the partner 

with whom joint attention was apparently established via gaze exchange, non-human 

primates did not discriminate between the two conditions.  

Given these pronounced social cognitive abilities in humans, it is plausible that the 

development of human communication followed a different pathway than that of non-

human primates. Non-human primates use imperative gestures to achieve their individual 

goals, such as requesting food, which can be considered a form of social manipulation (for 

an overview, see Voelter et al., 2017). The sharing of attention of interest in the absence of 

specific individual goals (declarative communication) is argued to be absent (Bullinger et 

al., 2011; Call & Tomasello, 1994; Hobaiter & Byrne, 2014; Liebal & Call, 2012; 

Liszkowski et al., 2009; Tomasello & Carpenter, 2005) or rare (Lyn et al., 2011; Wilke et 

al., 2022) in non-human primates. In contrast, humans frequently communicate 

declaratively and experience neural activation in reward-related brain regions when 

initiating episodes of joint attention (Schilbach et al., 2010). In addition to sharing attention 

and interest, humans communicate cooperatively to provide helpful information 

(Liszkowski, Carpenter & Tomasello, 2008). The ability to share interest and information 
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is not tied to linguistic competence, as infants do so via gestures (Boundy et al., 2016; 

Liszkowski et al., 2004) that are also used by non-human primates. Tomasello (2022) 

concluded that humans differ from non-human primates in their ability to recursively 

coordinate attention (joint attention) and in their motivation to collaboratively share 

attention (Call et al., 2000). 

 While these social cognitive underpinnings of language acquisition are evident in 

most humans, their development is characterized by high interindividual differences. Joint 

attentional abilities typically begin to develop from nine months of age, with pronounced 

individual variations (Mundy et al., 2007). For instance, the ability to initiate joint attention 

with an index-finger pointing gesture emerges between nine and thirteen months of age 

(Rüther & Liszkowski, 2023). These differences subsequently manifest in language 

acquisition, as joint attention abilities are predictive of language competence (for meta-

analyses, see Bottema-Beutel, 2016 and Colonnesi et al., 2010).  

The current dissertation examines the influence of early interaction experiences on 

infants’ communication development. By investigating the factors that contribute to 

variations on the pathway to language proficiency, this dissertation offers insights into the 

unique human communicative system. It further provides an opportunity to address early 

communicative delays before they manifest as language impairments. In the following 

introductory sections, I explain my focus on infant deictic gestures as representatives of the 

early stage of declarative, referential communication. I then discuss potential influencing 

factors on infants’ gestural development, with a focus on parental responsiveness and 

pointing. The introduction concludes with the main objective and the research questions of 

this dissertation. In chapters three to six, I present four empirical studies, with the aim of 

providing answers to the posed research questions. In the final chapter, I review the 

empirical results in the theoretical context of this dissertation.  
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1.1. Infant prelinguistic communication 

This chapter offers an overview of infants’ early communicative abilities and their 

proximity to language. It concludes by emphasizing the unique nature of infant gestures, 

particularly index-finger pointing, as a prelinguistic form of declarative, referential 

communication. 

Immediately following birth, infants engage in dyadic communicative interaction 

with their social environment. This early face-to-face interaction is characterized by 

reciprocal and precisely coordinated turn-taking sequences between the infant and the 

parent (Hsu & Fogel, 2003). Although dyadic synchrony facilitates language learning (for 

an overview, see Harrist & Waugh, 2002), communication in the sense of (shared) 

reference is absent in this early interaction (for an overview, see Liszkowski, 2018a). The 

same limitation in terms of similarity to language applies to infant vocalizations that often 

occur during dyadic interaction. Infants vocalize from birth onward, producing reflexive 

sounds that gradually become speech-like during the first year of life (Nathani et al., 2006). 

Infant vocalizations from six months onward have been shown to predict language 

development (Goldstein et al., 2010; Lyakso et al., 2014; McGillion et al., 2017; Werwach 

et al., 2021). However, these predictions are constrained to infants’ expressive vocabulary, 

indicating a potential correlation between early orofacial motor control and subsequent 

word production.  

The capacity to comprehend and express language is inextricably linked to the 

ability to refer to an external entity in a way that is perceptible to others. In the second half 

of the first year of life, infants begin to do so through the use of deictic gestures. In 

addition to their referential function, gestures are analogous to language in that they can 

convey distinct communicative intentions (Begus & Southgate, 2012; Cochet & Vauclair, 

2010; Liszkowski et al., 2006). Imperative communication is a shared trait among primates 
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and is evident in autistic children (Baron-Cohen, 1989; Mastrogiuseppe et al., 2014). It is 

therefore conceivable that the earliest emerging gesture is of an imperative nature. At 

approximately eight months of age, infants across cultures attempt to reach for objects that 

are clearly outside of their range (Blake et al., 1994; Veena & Bellur, 2015). The presence 

of this behavior is of particular interest because infants as young as six months are aware 

of the limits of their prehensile space (Rochat et al., 1999). Ramenzoni and Liszkowski 

(2016) demonstrated that infants increase their reaching attempts in the presence of a 

person. Moreover, infants expect the recipient to infer their intention and help them to 

obtain the object. Despite the social and referential intention of the reaching gestures, they 

are constrained to convey imperative communicative motives. The frequency of their 

occurrence remains relatively stable or decreases during development (Blake et al., 2005), 

and does not predict later language outcomes (Cameron-Faulkner, 2021). 

At around nine months of age, infants begin to expand their communicative 

motives through the use of two additional gestures: whole-hand pointing and showing 

(Rüther & Liszkowski, 2023). Pointing with the flat palm morphologically resembles 

reaching gestures (Leavens & Hopkins, 1999). However, infants’ body posture and their 

accompanying vocalizations serve as an indicator for the underlying communicative 

motive. A sitting back posture is associated with attention sharing, whereas a leaning 

forward upper body indicates the request for an object (Franco & Butterworth, 1996). 

Furthermore, declarative gestures are often accompanied by rising intoned vocalizations, 

while imperative gestures are characterized by flat intonation (Grünloh & Liszkowski, 

2015). Infants employ whole-hand pointing in contexts of joint regard and frequently 

accompany the gesture with other communicative behaviors, such as gaze checking and 

vocalizations (Liszkowski & Tomasello, 2011). While whole-hand pointing definitively 

serves to communicate imperative and declarative motives, its relevance in the context of 
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language acquisition is limited for the following reasons. First, the frequency of whole-

hand pointing increases during the first year of life, yet its proportional use in comparison 

to other gestures tends to decrease (Cochet & Vauclair, 2010; Ger et al., 2018; Liszkowski 

et al., 2012). Additionally, adults utilize whole-hand points primarily for specific purposes, 

such as indicating directions (Flack et al., 2018). Second, infants tend to point with the 

whole hand in requestive experimental conditions more frequently than in declarative 

conditions (Grünloh & Liszkowski, 2008). Like the requestive reaching gesture, whole-

hand pointing is not correlated with an understanding of others referential intentions 

(Liszkowski & Tomasello, 2011). Third, with regard to its predictive value for language 

development, Lüke, Grimminger, et al. (2017) observed that 12-month-old infants who 

pointed exclusively with their whole hand were at risk for primary language delay one year 

later. Another study reported on the absence of a relationship between infants’ whole-hand 

pointing and subsequent lexical processing (Ertaȿ et al., 2023). 

The showing gesture emerges as a second relevant imperative and declarative 

gesture around nine months of age. Infants show objects by holding them into a person’s 

visual field (Carpenter et al., 1998). The gesture is extended into a giving gesture 

depending on the interlocutor’s reaction. It is challenging to determine infants’ initial 

intention of the gesture (showing vs. giving). I concur with Cameron-Faulkner and 

colleagues (2015) in referring to this behavior as a HoG gesture (holdout and give, Boundy 

et al., 2016). Infants utilize HoG gestures to share their attention and interest in the object 

with their social partner (Boundy et al., 2019). HoG gestures do not correlate with reaching 

gestures (Cameron-Faulkner et al., 2015), but with pointing, suggesting the presence of a 

declarative motive (Guevara & Rodríguez, 2023; Rüther & Liszkowski, 2023). The 

presence of infant HoG gestures distinguishes autistic infants (absence of HoG gestures) 

from infants with and without other developmental delays (presence of HoG gestures; 
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Clements & Chawarska, 2010; Manwaring et al., 2017; Mastroguiseppe et al., 2015). In 

contrast to reaching and whole-hand pointing, the HoG gesture involves physical contact 

with the object of interest. In the absence of distal reference, HoG gestures may be 

regarded “as a proximal practice ground for later declarative behaviors” (Cameron-

Faulkner et al., 2015, p. 584). The use of HoG gestures at 10 months has been 

demonstrated to predict language development at 18 months (Cameron-Faulkner et al., 

2021; Choi et al., 2021), substantiating their relevance for communication development.  

In conclusion, the majority of human infants use communicative gestures prior to 

their first birthday, demonstrating uniquely human social cognitive and motivational 

capacities. However, the specific gesture types differ considerably in their proximity to 

language. The relevant differentiating factors include the underlying communicative 

motives, the option to refer to distant and absent entities and the predictive value for 

language development. None of the aforementioned gesture types entirely fulfils these 

criteria. Consequently, the next chapter provides detailed information about index-finger 

pointing, the most extensively investigated prelinguistic gesture with pivotal importance 

for subsequent language development.  

1.2. Infant index-finger pointing 

Shortly before their first birthday, infants begin to point with their index-finger, 

with a few outstanding exceptions, such as lip-, nose-, or head-pointing (Cooperrider et al., 

2018; Enfield, 2001). Index-finger pointing soon becomes the most common gesture in 

preverbal infant communication (Camaioni et al., 2004; Rüther & Liszkowski, 2023). 

Infants and adults across cultures use index-finger pointing in a multitude of 

communicative contexts (Kishimoto, 2017; Liszkowski et al., 2012; Salomo & Liszkowski, 

2013; Tamis-LeMonda et al., 2012). Index-finger pointing emerges as a communicative 

behavior since infants adapt their pointing to the presence and reactions of their interaction 
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partner (Liszkowski et al. 2004, 2007). This communication conveys requestive, 

interrogative (Kovács et al., 2014), declarative and informative motives (Liszkowski, 

2005). The importance of distinguishing the imperative and declarative motives of index-

finger pointing is evident in the observation that the declarative form of index-finger 

pointing is associated with an understanding of others’ intentions, while imperative index-

finger pointing is not (Camaioni et al., 2004). Furthermore, Salo et al. (2019) provided 

evidence that infants’ declarative index-finger pointing, not their imperative pointing, is 

related to later vocabulary. The specificity of these relations suggests that the 

morphological form of index-finger pointing per se is not a relevant factor in infants’ 

communicative development. Instead, declarative index-finger pointing reflects infants’ 

preparedness for referential cooperative communication (Lucca & Wilbourn, 2018; Salo et 

al., 2018).  

The cooperative motive of pointing is most evident in a study by Liszkowski, 

Carpenter and Tomasello (2008), in which infants pointed to assist an adult in searching 

for an object. Remarkably infants adapted their pointing to the level of informedness of the 

adult. Infants further modify their point accompanying vocalizations to the attentional 

focus and the reaction of their interaction partner (Gros-Louis & Wu, 2012; Liszkowski, 

Albrecht, et al., 2008). This indicates that pointing in 12-month-old infants reflects an 

understanding of others’ mental states. Moreover, infants exclusively point to the former 

location of a now absent object when they share common ground with their interaction 

partner (Bohn et al., 2018). The general ability to refer to absent entities on the basis of 

shared common ground is a key feature of human language, known as displacement (Auer, 

1988). The relationship between pointing and language is further reinforced by the 

observation that index-finger pointing is generally more frequently accompanied by 

vocalizations than whole-hand pointing and HoG gestures (Liszkowski & Tomasello, 
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2011), and frequently coupled with speech-like vocalizations (Grünloh & Liszkowski, 

2015). Children on the autism spectrum, who frequently experience challenges in language 

acquisition, demonstrate no difficulties with imperative pointing, but do not point for 

declarative reasons (Baron-Cohen, 1989).  

In addition to differences from clinical populations, typically developing infants 

exhibit considerable variability in the onset and frequency of index-finger pointing. In a 

longitudinal study of 31 infants conducted by Rüther & Liszkowski (2023), six infants 

were observed to begin pointing at nine months of age, while five infants were not 

observed to point until the end of the study at thirteen months of age. The median age of 

emergence was 11 months, which is consistent with other research (Ger et al., 2023; Paulus 

et al., 2023). While determining the onset of pointing is relatively independent of the 

methodological context, the frequency of infant pointing is strongly dependent on the 

paradigm in use (Kaletsch & Liszkowski, 2024). Even within a paradigm, such as the 

decorated room, the frequency with which 12-month-old infants point during a five-minute 

observation is reported to vary from 0 to 32 points (Liszkowski & Tomasello, 2011). It is 

crucial to comprehend the factors that contribute to the variability in the age of emergence 

and frequency of infant index-finger pointing, as both are predictive of subsequent 

language development (for meta-analyses, see Colonnesi et al., 2010 and Kirk et al., 2022). 

Prior to discussing potential factors that influence the development of pointing in chapter 

1.2.2, I provide details on the relationship between index-finger pointing and language 

development in the following chapter.  

1.2.1. The relation between index-finger pointing and language development 

Given the various communicative motives of declarative index-finger pointing, its 

absence in non-human primates, the language-like reference to distal and even absent 

entities, and the highly predictive value for subsequent language acquisition, index-finger 
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pointing is one of the earliest behavioral correlates of the origin of human language. At the 

neurophysiological level, the right-hand preference for pointing indicates the involvement 

of left hemispheric activation, which is known to be specialized for language (Esseily et 

al., 2011; Vauclair & Cochet, 2013). The age of emergence (Brooks & Meltzoff., 2008; 

Butterworth & Morisette, 1996, Lüke et al., 2019) as well as the frequency of  infant index-

finger pointing (Cochet & Byrne, 2016; Igualada et al., 2015, Lüke, Grimminger, et al., 

2017) are predictive of subsequent language comprehension and production skills. Infants’ 

pointing frequency at 14 months predicts infants’ lexical processing efficiency at 18 

months (Ertaȿ et al., 2023). Pointing to a specific object predicts the acquisition of the 

corresponding lexeme around three months later (Iverson & Goldin-Meadow, 2005). 

Furthermore, the combination of pointing gestures and words predicts the two-word stage 

on average 2.3 months later (Iverson & Goldin-Meadow, 2005; Özçalışkan & Goldin-

Meadow, 2005). A delayed onset of index-finger pointing is indicative of language delay 

(Lüke, Grimminger, et al., 2017), and the absence of declarative index-finger pointing is as 

an early symptom of autism spectrum disorder (Camaioni et al., 2003). 

Researchers investigated whether the concurrent and longitudinal relationship 

between pointing and language is of a correlational or causal nature. In a meta-analysis, 

Colonnesi et al. (2010) provided a synthesis of existing literature and identified three 

significant functions of pointing in language development. First, pointing paves the way 

for vocal reference and genuine symbolization (Werner & Kaplan, 1963). Second, pointing 

provides infants with early experience in influencing the mental states of others (Tomasello 

et al., 2007). Third, infant pointing elicits a verbal response from adults that is precisely 

tailored to infants’ attentional focus, thus providing an ideal learning environment (Begus 

et al., 2014; Olson & Masur, 2015; Wu & Gros-Louis, 2014). A series of studies from 

Tamis-LeMonda and colleagues (1997, 1989 & 1999, for an overview, see Tamis-
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LeMonda & Bornstein, 2002) provide evidence that the promoting function of responsive 

verbal input exceeds the influence of the total amount of language input. A reduced 

cognitive load might best explain improved language learning through parental 

responsiveness (Harris & Waugh, 2002). Verbal input that occurs in response to infants’ 

attentional bids potentially facilitates the association between the language heard and the 

actual referent, as it does not require a shifting of infants’ attention. 

In chapter 1.2.3, I examine the role of parental responsiveness in the development 

of infant pointing, rather than as a mediator between pointing and language. I begin by 

summarizing the theoretical perspectives on the ontogenetic origins of infant pointing in 

the following chapter.  

1.2.2. Theoretical accounts  

Infant pointing represents a pivotal stage in communication development, 

functioning as a conduit between preverbal and verbal communication. Given the 

complexity of pointing, it is necessary to employ a multifactorial framework in order to 

explain the development of infant pointing. One rather unilateral theoretical perspective is 

the spontaneous onset account, which postulates that the emergence of pointing is based on 

the cognitive achievements of the infant (Butterworth, 2003). Considered infant factors are 

for example temperament (Ollas‐Skogster et al., 2023; Salvadori et al., 2024; Vaughan et 

al., 2003), fine motor skills (Wang et al., 2014) and social cognitive abilities (social 

cognitive accounts, Cochet et al., 2016; Rüther & Liszkowski, 2020). In light of a growing 

body of research indicating the influence of interactional experiences on infant social 

cognitive and communicativeimbue development, it is unlikely that infant intrinsic factors 

sufficiently explain the aforementioned variability in infants’ pointing development.  

At the opposite end of the theoretical spectrum, it is assumed that the development 

of pointing is exclusively shaped by external factors, independent of infants’ social 
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cognitive development. The hypothesis that parental behavior influences infants’ gesture 

development is based on socialization accounts, which emphasize the role of the social 

environment in infants’ development (Hunnius, 2022; Rocha et al., 2019). The central 

debate between different socialization accounts with regard to infant pointing concerns the 

question of whether infant pointing is socially motivated from the outset or rather serves 

non-social motives in the beginning. According to the social shaping perspective infant 

pointing begins as non-social behavior, such as failed reaching attempts (Vygotsky, 1978; 

Werner & Kaplan, 1963), touching (Kettner & Carpendale, 2018; O’Madagain et al., 2019) 

or as a general way to orient attention (‘non-communicative pointing’, Carpendale & 

Carpendale, 2010). These nonsocial behaviors are gradually shaped into social gestures 

through interaction with the social environment. Parental reactions to infants’ nonsocial 

hand movements imbue them with communicative meaning, transforming them into 

communicative gestures in a dynamic interactional process. Independent of infants’ initial 

behavior, social shaping accounts face a significant limitation. They do not offer an 

explanation of how and why parental behaviors generate seminal social learning forces, 

when they are irrelevant for infants’ initial individual action goals. The benefit of parental 

attention alone is insufficient to account for the shaping process, as the gesture frequency 

of infants decreases when the elicited responses exclusively address the infant, while the 

intended referent is ignored (Boundy et al., 2019; Liszkowski et al., 2004 & 2007). 

Moreover, research has demonstrated that disruptive parental attention interferes with 

infants’ focus of attention and inhibits joint attentional behaviors (Miller & Gros-Louis, 

2013; Tomasello & Farrar, 1986).  

A social constructivist perspective on infants’ pointing development overcomes this 

limitation by synthesizing both aforementioned theoretical frameworks (Liszkowski & 

Rüther, 2021; Rohlfing et al., 2017). The social environment is proposed to influence the 
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development of infant pointing, but only when the infant is cognitively ready to process the 

input appropriately (e.g., goal-directedness, form joint goals). The key distinction between 

social shaping and social constructivist accounts lies in the assumption that parental 

influences exclusively unfold when parental behavior is pertinent to infants’ own 

objectives. In the context of pointing, infants’ associated objective must initially have a 

communicative motivation. Consequently, and in accordance with empirical findings on 

infants’ referential communicative pointing intentions (as discussed in the introductory 

section of chapter 1.2), social constructivists consider infant pointing as a communicative 

act from the outset. Regarding its development, Liszkowski and Rüther (2023) proposed 

that pointing emerges from the most basic socially motivated interaction sequences, give-

and-take routines such as breastfeeding. Building upon this foundation, more abstract 

offer/request and accept/reject sequences derive, which already include referential HoG 

gestures (offer). Subsequently, distal objects are included in this triadic exchange and the 

pointing gesture emerges. This developmental cascade is determined by the interplay of 

infant-level abilities and parents’ precisely attuned behaviors. The social constructivist 

approach is supported by models of ‘intuitive parenting’ which claim that parents 

intuitively adapt their behaviors to infants’ developmental progress (Papousek, 2002; 

Parsons et al., 2017). In the following chapter, I discuss infant and parent factors that 

potentially contribute to the development of infant pointing.  

1.2.3. Factors influencing infants’ pointing development  

Several infant factors are considered as potentially relevant to communication 

development from spontaneous onset and social constructivist perspectives. Liszkowski 

and Rüther (2021) highlighted social cognition, interactive behaviors and motor skills as 

relevant infant-level predictors for the development of pointing. For successful referential 

communication, it is critical to establish a joint attentional frame. Thus, several studies 
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investigated the relationship between infants’ attention following abilities and subsequent 

communication development (for an overview, see Çetinçelik et al., 2021). Brooks and 

Meltzoff (2005) reported that infants’ ability to follow the gaze of others at 10 months of 

age predicts infant language scores eight months later (see also Delgado et al., 2002; 

Okumura et al., 2017; Tenenbaum et al., 2015). Regarding pointing, gaze following 

abilities are predictive of infants’ pointing frequency one month later (Matthews et al., 

2012). Rüther and Liszkowski (2023) found that infants’ point following abilities at nine 

months of age predicted the age of emergence of index-finger pointing (see also Ger et al., 

2023).  

In a more general sense, Masek and colleagues (2021) proposed that infants’ 

attentional abilities, such as sustained attention and attention shifting, are essential for 

engaging in dyadic interaction and, in turn, enable the infant to learn from the received 

input. In this reciprocal model, infants’ attention skills serve as the foundation upon which 

contingent interaction shapes infants’ communicative development. However, these basic 

attentional skills appear to be shaped by parental behavior. For example, Suarez-Rivera 

and colleagues (2019) reported that parents’ touching and talking during object play with 

their infant was positively associated with infants’ sustained attention. Other social 

cognitive abilities relevant to infants’ prelinguistic communication are interactive 

behaviors, such as infant vocalizations (Burkhardt-Reed et al., 2021), or infant responses to 

parent communication (Kuchirko et al., 2018). In addition to social cognitive 

achievements, infants’ motor development may impact communication development 

(Iverson, 2010 & 2022). For example, by six months of age, infants begin to sit 

independently, thereby enlarging the shared play space (Schneider et al., 2022) and the 

possibility for aligned visual attention with the parent (Franchak et al., 2018). Recently, 

infant temperament is considered as a potential additional influencing factor in infants’ 
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communicative development (Bruce et al., 2022; Ollas-Skogster et al., 2023; Salvadori et 

al., 2024; Vaughan et al., 2003). Kucker et al. (2021) demonstrated that infant 

temperament and parental personality predict infants’ subsequent language skills.  

However, the relationship between parental personality and infant development is 

mediated by parenting practices (Bornstein et al., 2011; Vásquez-Echeverría et al., 2022). 

Rocha and colleagues (2020) reported on the influence of mother-infant interaction on 

several domains of infant development. With regard to socialization and social 

constructivist accounts on the development of infant pointing, two parental behaviors are 

particularly suited to facilitate the emergence of infant pointing. Firstly, parents respond to 

infants’ signals from birth onward and possibly influence them accordingly (Frodi et al., 

1978). Secondly, in accordance with the intuitive parenting account, the majority of 

parents begin to point for their 7-month-old infants (Liszkowski et al., 2012; Rüther & 

Liszkowski 2023), which may serve as a model for infants’ own pointing. Evidence for the 

influence of both parental behaviors on infants’ gesture development is provided by a 

training study of Romano & Kelly (2020). Three infants participated in training sessions 

with the experimenters, during which the infants experienced increased responses to their 

gestures and frequent modeling of gestures. The infants used more gestures after training, 

but the validity of the study is limited due to the small sample size and the lack of a control 

group. This area of research thus needs further investigation. In the following chapters, I 

review other empirical research examining the role of parental responsiveness and pointing 

in infants’ pointing development. 

 1.2.3.1. Parental responsiveness. The theoretical construct of parental 

responsiveness is based on Ainsworth’s concept of sensitive caregiving (Ainsworth et al., 

1969). After identifying and interpreting infant cues, sensitive parents react promptly and 

appropriately to them. For example, during pregnancy, mothers respond to fetal 
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movements by touching their abdomen (Marx & Nagy, 2017). Immediately following 

birth, parents begin to respond to a multitude of infant social cues, including crying, gaze 

and touch (Beebe et al., 2010). The subtypes of parental responsiveness are classified 

according to the infant behavior that is considered a signal and range from ‘behavior state 

matching’ (Field et al., 1990; Noe et al., 2015) and ‘dyadic synchrony’ (Harrist & Waugh, 

2002; Tschacher et al., 2014) to ‘social contingency’ (Nadel et al., 1999; Luchkina & Xu, 

2022). Parental responsiveness is positively related to infants’ secure attachment (Koehn & 

Kerns, 2018; Nievar & Bedcker, 2008), cognitive abilities (Landry et al., 2006; Masek et 

al., 2024; McFadden & Tamis-LeMonda, 2013) and language development (Baumwell et 

al., 1977; Borairi et al., 2021; Luchkina & Xu, 2022; Tamis-LeMonda et al., 2014). In light 

of the overall positive effect of parental responsiveness on infants’ development, it seems 

reasonable to assume that infants’ pointing development is similarly facilitated by parental 

responsiveness.  

In terms of infants’ pointing development, parental responsiveness is defined as 

parents’ prompt, contingent and adequate reactions to infants’ communicative signals. 

Prior to the emergence of pointing, parental responses provide the infant with insights 

about the referential nature of communication and establish joint attention, which 

facilitates infant learning (Landry et al., 2001). Once infants start to point, parental 

responses feedback that pointing successfully results in the intended establishment of joint 

attention. The social reinforcement learning hypothesis posits that the attainment of the 

desired outcome functions as a social reward, thereby encouraging the occurrence of the 

associated behavior (Ishikawa et al., 2020; Jones et al., 2011; Zeng et al., 2023). 

Empirical research confirmed that parental responsiveness promotes infants’ 

pointing development, both before and after its onset. Cameron-Faulkner et al. (2015) 

reported a positive correlation between parental responses to infant HoG gestures at 10 
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months and infants’ subsequent pointing frequency. Furthermore, parents’ relevant 

responses to 10-month-old infants’ pointing were positively correlated with infants’ 

pointing frequency at 12 months (Ger et al., 2018). With regard to the question of 

causality, research provided evidence that 12-month-old infants promptly adapted their 

pointing frequency in reaction to experimentally increased parental responsiveness during 

free play (Miller & Lossia, 2013). However, research has yet to substantiate the causality 

of the relationship between parental responsiveness and infant pointing. Moreover, no 

training study has evaluated the longitudinal effect of trained parental responsiveness on 

infant pointing development.  

 1.2.3.2. Parental pointing. Parental pointing provides a practice ground for infant 

imitation learning mechanisms (for an overview, see Meltzoff & Marshall, 2018). 

However, mere mimicry of parental pointing gestures, does not fully capture the 

underlying communicative complexity of infant pointing. Instead, experiences with 

parental pointing serve to guide infants’ understanding of the communicative and 

referential aspects of human gestures (Liszkowski & Rüther, 2021; Tang et al., 2023). 

Thus, imitation learning in the context of infants’ pointing development involves the 

complex imitation of the communicative intention and the gesture while transferring both 

into new interaction contexts (Dickerson et al., 2013, Yang et al., 2010). The preference of 

infants to imitate socially cued actions lends support to the assumption that imitation is an 

integral learning mechanism in the development of infant pointing (Brugger et al., 2007).  

Empirical findings on the relation between parent and infant pointing vary. A 

longitudinal study by Rüther & Liszkowski (2023) provided evidence that parents’ 

pointing frequency for their 8-month-old infants is predictive for infants’ pointing onset. 

However, Ger et al., (2023) found no longitudinal prediction from parental pointing for 

their 8-month-old infants and infants’ subsequent pointing frequency, without modeling 
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predictions for infants’ pointing onset. The absence of longitudinal relations between 

parent and infant pointing frequencies is supported by other studies (Ger et al., 2018, 

Kishimoto, 2017). Results on cross-sectional relations between parent and infant pointing 

frequencies are equally ambiguous. In infants aged 11 and 12 months, positive relations 

between parent and infant pointing were found (Liszkowski et al., 2012; Liszkowski & 

Tomasello, 2011; Liszkowski & Rüther, 2023; Matthews et al., 2012; Rowe & Leech, 

2019). In contrast, other studies observed no cross-sectional relationships between parent 

and infant pointing frequencies (Salo et al., 2019; Rowe, 2000). Training studies 

investigating the effect of increased parental pointing on infant pointing, do not clarify the 

contrasting findings. Rowe and Leech (2019) report an increase in infant pointing due to 

training, while Matthews and colleagues (2012) found no effect of training on infants’ 

pointing status or frequency.  

In reviewing the findings on the influence of parental pointing on infant pointing, it 

is essential to consider four underlying aspects. First, as with infants, the frequency of 

parental pointing depends on the paradigm in use. This is further discussed in the 

introductory sections of Study 1 and Study 4. It seems reasonable to posit that paradigms 

that most closely approximate parents’ natural pointing behavior, are best suited to 

examine relations between parent and infant pointing. Second, it is plausible that the 

relationship between parent and infant pointing is not constant throughout infants’ 

development. Parental pointing may influence infant pointing within specific periods of 

infants’ development. Therefore, the point at which parental pointing is observed and the 

age at which infant pointing is considered as the outcome variable, both influence the 

findings. Third, it is conceivable that different social learning mechanisms influence 

infants’ pointing onset and its frequency. Consequently, both variables should be 

considered separately. Fourth, parental communicative behaviors, such as pointing and 
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responding, and their influence on infant pointing are possibly interconnected. In 

particular, Essler and colleagues (2023) proposed that infants learn to imitate by being 

imitated by their parents. Parental imitation of infant behavior, in turn, is more frequently 

observed in responsive parents. Therefore, infants’ abilities to imitate parental pointing 

gestures may be influenced by parental responsiveness, demonstrating the interrelation 

between both social learning mechanisms. As only Ger and colleagues (2018) considered 

parental pointing and responsiveness concurrently, other findings on the relation between 

parent and infant pointing might be mediated by parental responsiveness. These four 

aspects contribute to the contrasting results on the relationship between parent and infant 

pointing and explain the necessity of further research. 
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2. Rationale for the current thesis 

Infant index-finger pointing is one of the earliest communicative behaviors in 

human ontogeny that resembles verbal reference. Pointing is therefore per se a relevant 

behavior to investigate the origins of human communication. By investigating the causal 

role of parental responsiveness and pointing on infant pointing, I unravel external 

developmental factors influencing one of the earliest uniquely human forms of 

communication. In addition, infants’ pointing development is predictive for subsequent 

language abilities and is consequently a promising target for early communication 

interventions. Once the influence of parental responsiveness and pointing on infant 

pointing is understood, this link can be used to support infants at risk for communicative 

delays before they manifest. While the majority of researchers agree that parental behavior 

influences infants’ pointing development, the influence of parental responsiveness and 

parental pointing has rarely been examined simultaneously. Furthermore, few studies 

explored the causal relationships among parental responsiveness, pointing and infant 

pointing.  

The current dissertation comprises four independent studies that address six main 

research questions concerning the influence of parental responsiveness and pointing on 

infants’ gestural development (see Table 1). The initial three studies evaluated the impact 

of parental behaviors on infants’ pointing frequency. The subsequent study additionally 

examined infants’ pointing status and the development of HoG gestures. Study 1 was of a 

methodological nature and included two experiments. Despite the necessity for remote 

observations during the Covid-19 pandemic, no online remote paradigm to observe infant 

pointing in natural interaction with their parent was established. In order to continue with 

my dissertation projects, we developed a corresponding remote method. Given the efficacy 

of the original decorated room paradigm (Liszkowski & Tomasello, 2011) in eliciting 
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infant and parent pointing in a natural interaction sequence, the new remote method was 

based on the original decorated room procedure. The natural interaction context was of 

particular importance as we planned to subsequently collect data on parental 

responsiveness and pointing. The objective of Study 1 was to examine whether the new 

remote method elicits spontaneous infant pointing and natural parent interaction with 

similar frequencies as the original decorated room paradigm. In both experiments, the 

participants were 12-month-old infants and their parents, with the aim of ensuring that the 

majority of infants were index-finger pointers. We invited the dyads to participate in a 

video-chat session during which they were presented with a series of age-appropriate 

stimuli via screen sharing. We instructed parents to interact with their infants as naturally 

as possible during the stimuli presentation. Data were recorded for a period of five minutes 

with the participants’ webcam. To assess the applicability of the new design, we compared 

infant and parent behaviors with data from the original decorated room. Furthermore, we 

investigated whether infant pointing, parental responsiveness and parental pointing were 

cross-sectionally related. The results of Experiment 1 demonstrated that infants and parents 

spontaneously pointed in the remote decorated room. After adjusting the stimuli in 

Experiment 2, the data on infant pointing, parental responsiveness and parental pointing 

fell within the reported benchmarks of studies using the original decorated room paradigm. 

Parental responsiveness was cross-sectionally related to infant pointing, while no relation 

between infant and parent pointing was found. These findings indicated that the remote 

decorated room is a useful paradigm to observe infants’ pointing in natural interaction with 

their parents. 

In the second project, I examined the causality of the cross-sectional correlations 

between parental responsiveness, parental pointing and infant pointing. On the one hand, 

and in line with the intuitive parenting perspective, cross-sectional relations between infant 
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pointing and parent behavior may depend on parental adaptations to infants’ gestural 

communication. For instance, an infant using only a few pointing gestures indicates to 

her/his parents that he/she is less engaged in communicative interaction at that moment (or 

in general). By accurately interpreting these infant signals, sensitive parents could adjust 

their responsiveness and pointing frequency to align with the infant’s lower level of 

engagement. On the other hand, infants may adapt their pointing frequency to parental 

responsiveness and pointing. This second possibility would provide insight into the 

environmental factors that influence infants’ pointing. To investigate which of the two 

proposed explanations is the most probable, we assigned 12-month-old infants and their 

parents to six experimental groups. The data were collected using the remote adaptation of 

the decorated room paradigm. Parents were either instructed to be especially responsive to 

infant pointing or they received no corresponding instruction. Additionally, we asked 

parents to point frequently, to avoid pointing or they received no instruction on parental 

pointing. In the event of group differences in infant pointing, we obtain evidence that 

infants adapt their pointing frequency to parental behaviors, which in turn shape infants’ 

pointing development. Specifically, we hypothesized that increased parental 

responsiveness would enhance infant pointing. If imitation is an additional mechanism 

influencing infants’ pointing frequency, we expected infants to point frequently when their 

parents were instructed to increase their pointing. Accordingly, we assumed that infants’ 

would point less when parents decreased their pointing. The results indicated that infants’ 

pointing frequency increased in accordance with increased parental responsiveness. 

Changes in parental pointing had no immediate effect on infants’ pointing frequency. This 

study provided evidence for the promoting effect of parental responsiveness on infants’ 

pointing frequency in a cross-sectional context. The results did not support the hypothesis 

of a direct cross-sectional relation between parent and infant pointing frequencies.  
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In Study 3, we examined the longitudinal relations between infant pointing, 

parental responsiveness, and parental pointing. Half of the sample was assigned to a 

training group, to assess the malleability of infant pointing in a longitudinal training 

context. For baseline data collection, we observed 12-month-old infants and their parents 

in the remote decorated room paradigm. Subsequently, dyads were randomly assigned to a 

control group or a training group. The training program involved parents establishing at 

least 15-minutes of daily triadic engagement at home to elicit infant pointing. When their 

infant pointed, parents were instructed to respond contingently. Parents were instructed to 

emphasize their response with a pointing gesture to increase parental pointing. After one 

month of training, we examined whether infants in the training group used more pointing 

gestures in the remote decorated room compared to infants in the control group. In a series 

of regression analyses, we sought to determine whether infants’ pointing frequency post-

intervention was best explained by infants’ immediate adaptations to increased parent 

behaviors at t2 (see Study 2), longitudinal relations between infant and parent behaviors, or 

training. If training significantly increased relevant parental behaviors, we expected infants 

in the training group to point more frequently than infants in the control group. We further 

hypothesized that longitudinal training effects would exceed the cross-sectional relations 

between infant pointing and parental behaviors. The results indicated that infants in the 

training group exhibited a significantly higher pointing frequency at t2 compared to infants 

in the control group. Infants’ pointing frequency was best explained by parental 

responsiveness and infant pointing at t1, parental pointing at t2, and group assignment. 

While parental responsiveness and training were positively related to infant pointing, 

parental pointing followed an inverse pattern. We concluded that parental responsiveness is 

a causal factor influencing infants’ pointing frequency. Consequently, it can be posited that 

parental responsiveness is a particularly promising target for prelinguistic communication 
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interventions. Our findings challenge the notion that imitation is a significant social 

determinant for infants’ pointing frequency.  

Study 4 was conducted to investigate which parental factors contribute to an early 

emergence of infant pointing. To assess the possibility of promoting an early onset of 

infant pointing, we expanded the study with a training group. Furthermore, we examined 

whether the development of infant HoG gestures is based on the same learning 

mechanisms as infant pointing. We collected data on infant pointing in the remote 

decorated room and on infant HoG gestures during remote free play sessions. Given that 

infants typically begin to point at 11 months, we defined ten months as an early onset of 

pointing. Infants were seven months old at the baseline visit, which is an age at which 

parents usually begin to point for their infant. We collected data at four-week intervals for 

the following three months. Parents in the training group were instructed to create 

situations of shared interest with their infants for 15 minutes daily. We asked parents to 

respond contingently when their infants expressed interest in objects or events. 7-month-

old infants rarely communicate their interest in external entities through active and 

recognizable initiation of joint attention (e.g., via gestures). Consequently, parents were 

instructed to generally join their infants’ focus of attention. We refrained from including 

specific instructions on parental pointing, to prevent an inflationary increase in parental 

points (see Study 3). However, by emphasizing infants’ gestural development, we 

anticipated an automatic increase in the frequency of parental gestures. The study design 

allows for the investigation of three research questions. First, we determined whether 

infants’ early pointing status and frequency are predicted by parental responsiveness and 

parental pointing. Second, we analyzed whether infants’ HoG status and frequency at the 

typical age of emergence are predicted by parental responsiveness and pointing. Third, we 

examined the effect of a training targeting parents’ referential communication on infants’ 
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early pointing and HoG development. We hypothesized that infants’ early pointing status 

and frequency were predicted by parental responsiveness and pointing. Given the well-

documented positive effect of parental responsiveness on infants’ development, we 

expected that responsiveness is positively associated with infants’ HoG status and 

frequency. To the extent that infants do not merely imitate parental pointing gestures, but 

gain a general insight into the function of reference by observing them, we expected that 

parental pointing promotes infants’ HoG development. For both types of infant gestures, 

we expected a stronger effect for parental pointing during free play compared to the remote 

decorated room, as it better approximates parents’ natural pointing frequency. If these 

predictions applied, we expected to observe training effects whenever parents successfully 

implemented our instructions. The results indicated that infants’ early pointing status and 

frequency were predicted by parental pointing during free play. Training did not affect 

infants’ early pointing development. Infants’ HoG development was influenced by parental 

responsiveness and pointing. Infants in the training group were more likely to use HoG 

gestures and did so more frequently post-intervention compared to infants in the control 

group. In summary, the facilitating effect of parental responsiveness becomes evident at 

the age of the typical emergence of a specific gesture type. Parental pointing is an early 

influencing factor in infants’ gesture development and goes beyond mere mimicry. The 

development of infant HoG gestures is influenced by similar social learning mechanisms as 

infant pointing and can equally be trained.  
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Table 1 

Overview of the empirical studies 

Study Research question Age (months) 

1 

Does the novel online remote paradigm elicit spontaneous 

infant pointing while preserving natural infant-parent 

interaction? 

12 

2 

Do infants immediately adapt their pointing frequency to 

experimentally manipulated parental responsiveness and 

parental pointing? 

12 

3 
Does a training targeting parental responsiveness and pointing 

affect infants’ pointing frequency? 
12 - 13 

4 
Do parental responsiveness and pointing influence infants’ 

early pointing status and frequency? 
7 - 10 

4 
Do parental responsiveness and pointing influence infants’ 

HoG status and frequency? 
7 - 10 

4 
Does a training targeting parental responsiveness affect 

infants’ early pointing and HoG development? 
7 - 10 

 

In summary, this thesis presents a novel remote paradigm suitable for the collection 

of data on infant pointing, parental responsiveness, and parental pointing. Furthermore, 

evidence for causal cross-sectional and longitudinal relationships between parental 

responsiveness and infants’ gesture development from the time of their typical emergence 

is presented. These results support the social constructivist hypothesis that parental 

behavior influences infants’ development when it is relevant for infants’ own intentions 

and attuned to infants’ developmental status. Experience with parental pointing is 

identified as a relevant factor for infants’ pointing and HoG development when measured 

in free play sessions. The findings support the assumption that the effects of parental 

pointing are not based on mere mimicry but on learning the referential function of gestures. 
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Parent-based trainings targeting parental responsiveness successfully promoted infants’ 

gestural development and are promising candidates for early communication intervention. 

All studies were conducted in accordance with the Declaration of Helsinki and 

approved by the local ethic committee of the University of Hamburg (see Appendix A). 

Data were collected between March 2020 and September 2023.  
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3. Study 1: A new remote paradigm to measure spontaneous pointing in infants and 

parents 

 

This chapter was published in a slightly different version under Kaletsch, K. & 

Liszkowski, U. (2024). A new online paradigm to measure spontaneous pointing in infants 

and caregivers. Infant Behavior and Development, 74, 101907. 

https://doi.org/10.1016/j.infbeh.2023.101907 

 

3.1. General Introduction 

Pointing is a milestone in the emergence of referential communication (Bates et al., 

1975) and predicts subsequent language and social-cognitive development (Colonnesi et 

al., 2010; Sodian & Kristen-Antonow, 2015; for an overview, see Liszkowski, 2018a). 

Researchers have used a variety of paradigms to observe and measure infants’ pointing. 

Methods range from indirect measures, such as diary observations (Carpendale & 

Carpendale, 2010) and parent reports (Camaioni et al., 2004: Questionnaire on Pointing 

Gesture; Fenson, 2007: MacArthur-Bates Communicative Development Inventories), to 

direct measures, such as field observations (Salomo & Liszkowski, 2013) and standardized 

experimental elicitation (Butterworth et al., 2002; Camaioni et al., 2004; Liszkowski et al., 

2004). Direct measures are advantageous, because they provide insight into the actual use 

and development of pointing behavior. Disadvantages are that naturalistic observations 

typically involve large variations in the observed settings, making comparisons difficult. 

Laboratory-based experiments often lack appropriate social situatedness due to relatively 

rigid settings, and are likely to misestimate the natural frequencies of social behaviors. In 

response to these challenges, Liszkowski & Tomasello (2011) introduced a promising, 

https://doi.org/10.1016/j.infbeh.2023.101907


PARENTAL INFLUENCE ON THE DEVELOPMENT OF GESTURES 30 

 
 

easy-to-administer method that standardizes the observation setting while preserving the 

relative naturalness and social situatedness of pointing. The interaction-based decorated 

room elicits natural, spontaneous pointing from parents and infants in different cultural 

settings and populations (Ger et al., 2018; Liszkowski et al., 2012; Lüke, Grimminger, et 

al., 2017).  

In the original decorated room paradigm, objects and pictures decorate the walls of 

a room, and remote-controlled cameras record the scene from different angles. Stimuli 

include pictures of objects and real objects that differ in their familiarity (for a detailed list, 

see Liszkowski et al., 2012). Parents carry their infants on their hips and are asked to look 

at the decoration items together for five minutes, without touching them. The resulting 

natural interaction between parent and infant is of particular relevance, because infant 

pointing is influenced by the presence and behavior of interactants (Franco et al., 2009; 

Liszkowski et al., 2004). Knowledge of parents’ interactive behaviors also helps to address 

substantial individual variance in the onset and frequency of infant pointing. For example, 

the frequency of parent and infant pointing has been reported to be related (Matthews et 

al., 2012; Liszkowski et al., 2012; Liszkowski & Tomasello, 2011; Rowe & Leech., 2019; 

Rüther & Liszkowski, 2023; Salo et al., 2009), although other controlled studies have 

failed to find a direct relationship (Ertas et al., 2023; Ger et al., 2018; Lüke, Ritterfeld et 

al., 2017). Furthermore, parental responses to infant gestures have been reported to 

promote infant pointing frequency (Cameron-Faulkner et al., 2015; Ger et al., 2018; 

Kishimoto, 2017; Liszkowski et al., 2012; Miller & Lossia, 2013). 

With the outbreak of the recent Covid-pandemic and the obligation to distance 

oneself from direct social interaction, the need for a comparable remote paradigm became 

apparent. In the current experiments, we developed a new remote paradigm that 

implements the advantageous methodological aspects of the decorated room paradigm, and 
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elicits spontaneous pointing in infants and parents in an interactive situation. An 

interaction-based remote paradigm is a promising tool even beyond pandemic times. It 

does not require setting up a costly laboratory, and time-consuming lab visits, as neither 

the users nor the participants need much more than a laptop with a stable Internet 

connection. The tool provides opportunities for large scale sampling, for worldwide, 

diversified data collection, and quick and easy risk screening, e.g., in case of language 

delay. 

In the current remote decorated room, participants watched a slideshow of pictures 

and animated events presented via video interaction software (Skype) at an appropriate 

distance from the screen. We attempted to implement aspects of the original decorated 

room in terms of duration of data collection, self-paced inspection of stimuli, and return to 

stimuli. Additionally, we kept the instructions as similar as possible. Because we were not 

sure in advance what infants would point to, we varied the stimulus material along several 

dimensions. After Experiment 1, we optimized the stimulus material for Experiment 2.  

3.2. Experiment 1 

We invited 12-month-old infants and their parents because most typically 

developing infants are able to point with their index-finger pointing around their first 

birthday. We coded each infant pointing gesture according to hand shape and 

accompanying vocalizations, since not only the age of emergence (Carpenter et al., 1998), 

but also the frequency (Mundy et al., 2007), and infants’ handshape (Lüke, Grimminger, et 

al., 2017) predict later language acquisition (for an overview, see Colonnesi et al., 2010). 

To account for the social situation between parents and infants that has been reported to be 

associated with infants’ gesture use, we coded parental points and their reaction to infant 

pointing. Besides enabling us to evaluate whether the remote decorated room provides a 

comparable social environment to the original decorated room, it allows us to investigate 
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the reviewed relations between parental responsiveness and parental pointing and infant 

pointing. 

As in the original decorated room, the stimulus material varied according to 

familiarity (familiar vs. novel) and style (real objects vs. pictures). Because the addition of 

sound and motion has been reported to increase pointing in live settings (Butterworth et al., 

2002), and while watching television (Valkenburg & Vroone, 2004), we added this 

variation to our stimuli. Online remote studies cannot directly statistically be compared to 

in-presence interactional laboratory studies due to differences in stimuli, settings, and so 

on. Thus, we extrapolated parameters from previous findings with the original decorated 

room paradigm (Ger et al., 2018; Kishimoto, 2017; Liszkowski et al., 2012; Liszkowski & 

Tomasello, 2011; Rüther & Liszkowski, 2023) as benchmarks for the novel method. In 

addition, we used parameters reported in Choi et al. (2021) and Miller & Lossia (2013) for 

parental responsiveness. The results are descriptive and exploratory. If the new online 

remote method captured infant and parent behavior similarly to the established live 

methods, then we expected values to fall within the reported ranges. 

3.2.1. Method 

3.2.1.1. Participants. Due to the exploratory nature and limited resources during 

the pandemic, we planned to conventionally collect data from N = 30 dyads. This sample 

size is comparable to sample sizes in other studies on infant pointing (Choi et al., 2021; 

Ger et al., 2018: Kishimoto, 2017; Liszkowski & Tomasello, 2011; Liszkowski et al., 

2012; Miller & Lossia 2013; Rüther & Liszkowski, 2023).  

Twenty-four infant-parent dyads participated in Experiment 1 (11 female infants; 2 

fathers). Six additional dyads were excluded from analyses due to technical difficulties or 

missed appointments. The mean age of the infants was 12 months and 17 days (SD = 9.1; 

range: 12;0 – 12;28). All infants were typically developing and born at full term. The 
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families lived in the German metropolis Hamburg at the time of data collection (from May 

2020 to December 2020). Parents’ age ranged from 30 to 43 years (M = 33.7, SD = 8.2), 

and 88% were their infant’s primary caregiver. All participating parents spoke German, 

25% of the infants (three females) were raised bilingual or multilingual. Twenty-two 

participating parents had at least a bachelor’s degree. Six infants (two females) regularly 

attended a day care center. The families were recruited from a database of parents who had 

agreed to participate in developmental studies (see Appendix B), typically with a middle to 

high SES. 

3.2.1.2. Set-up and stimuli. Data were collected using the video chat programs 

Skype or Zoom. Dyads faced the screen of their laptop or tablet, looking at different 

stimuli together for a maximum of five minutes. As shown in Figure 1, infants were seated 

on the lap of their parent or in a high chair next to their parent. Prior to testing, we asked 

parents to position the screen one meter away from the participants, beyond arm’s length, 

in order to track all gestures of the dyad and to prevent the infants from touching the 

device. Webcams of the participants transmitted the scene while experimenters recorded 

their own screen via Quicktime or VLC Player. We asked participants to avoid distractions 

in the room, such as toys, people or pets, and to turn off distracting noises, such as a radio 

or smartphone, and to close the windows of the room. Infants were supposed not to eat, 

drink or use a pacifier during the test phase. We arranged suitable lighting conditions 

together with the parent before the recording started. For example, we asked the parent to 

close curtains or turn on lights and not to position the camera in front of a bright light 

source. If the experimenter could not see the infant’s face and hands well during data 

collection, she asked the parent to reposition the camera until successful.  
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Figure 1 

Infant pointing gestures in the remote decorated room 

 

 

The presentation included 19 slides (analogous to the number of items in the 

original decorated room), five of which presented a video. Three videos repeated a short 

scene in a loop, two showed a short scene with additional audio signal and ended in a still 

frame after five seconds. The remaining slides varied in style and familiarity as in the 

original decorated room (see Figure 2). To account for the original variation between real 

objects and pictures, the slides showed either photographs of the original material in the 

live set-up or cartoon pictures. In terms of familiarity, familiar stimuli showed objects that 

infants were likely to know from their everyday lives (e.g., a dog). Infants probably 

encountered novel objects less frequently (e.g., a chessboard). In addition, the number of 

pictures presented on a slide ranged from one to three. Three stimuli were repeated to 

simulate the original decorated room in which dyads sometimes return to previously 

viewed objects. 
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Figure 2 

Sample stimuli in Experiment 1, Study 1  

 

Note. The first sample slide shows the photograph of one familiar object. The second 

sample slide shows three cartoon pictures of unfamiliar objects 

 

3.2.1.3. Procedure. Prior to data collection, parents received an email with detailed 

information about the privacy policy (see Appendix C for sample parent information, 

consent forms and socioeconomic questionnaire of the KOKU) and general instructions 

concerning the setting and technical requirements (see Appendix D). Shortly before the 

appointment, parents received an invitation link to the online meeting. Together with the 

experimenter, the set-up was improved if necessary, with special attention to camera 

position and lighting conditions. Consent for video and audio recording was obtained 

verbally and videotaped. 

As is standard, we did not mention the pointing gesture prior to data collection and 

fully debriefed parents after the presentation about the exact purpose of the study. We kept 

the instructions general to avoid biasing parents’ behavior, and the experimenter read the 

instructions to the participants for standardization. Parents were told to “look at the 

following slides together with your son/daughter and act as naturally as possible”. If 

parents had no further questions, the experimenter shared the screen, started the recording, 

and asked for consent again to preserve the response on video. At the end of the 
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presentation, the recording and screen sharing were stopped and the parents were fully 

debriefed. The local ethics committee of the authors’ institution approved the study (see 

Appendix A). 

Slide presentation. The presentation of the slides was individually tailored to the 

dyads’ behavior. Each slide was shown for a minimum of five seconds, followed by the 

next slide if neither the infant nor the parent communicated during that time. Five seconds 

were added after each communicative behavior, up to a 30-second limit. We showed the 

next slide if the child looked away from the screen for more than three seconds. Parents 

were instructed to ask for the next slide if they felt the presentation was too slow or if the 

stimuli were in any way disturbing. 

3.2.1.4. Coding and reliability. Data were coded using the Mangold Interact Lab 

Suite version 18.5.5.1. Three coders were trained on the coding scheme. For the main 

purpose of this study, we coded parent and infant pointing following Liszkowski and 

Tomasello (2011). Infant points were coded when the infant extended his or her arm 

halfway or fully toward the screen. They were classified as index-finger points when the 

index-finger was clearly extended relative to all other fingers. Throughout the whole 

presentation, we coded infants’ vocalizations when they were voluntary and not fussy. We 

defined a point as accompanied by a vocalization when both occurred within one second. 

Parental pointing was coded when the index-finger was extended and directed toward the 

slides.  

Responses to infant pointing included a conservative time criterion of two seconds 

after the child had pointed (Ger et al., 2018; Wu & Gros-Louis, 2014). Further time criteria 

can be found in Liszkowski et al., 2012 (10 seconds) and Kishimoto, 2017 (six seconds). 

Relevant response behaviors ranged from nodding and gestures, to supportive 

monosyllabic utterances (“hmhm”) and complex utterances (“Yes, that’s a dog jumping in 



PARENTAL INFLUENCE ON THE DEVELOPMENT OF GESTURES 37 

 
 

a suitcase.”). Off-task activities were coded when the dyad was not engaged in the task, 

such as moving from the high chair to the parents’ lap, eating, or touching the device. 

Fussiness was coded when the infant cried or became fussy. Dyads were excluded if 

infants were fussy for more than 90 seconds or if less than 180 seconds of undisturbed data 

collection was available for coding.  

We calculated Cohen’s kappa with a Mangold Interact tool. Trained researchers 

double coded 20% of all videos (6). Two identical codes, separated by a maximum of two 

seconds, were defined as a match. Kappas were excellent for infant index-finger pointing 

(κ = 1), accompanying vocalization (κ = 0.89), parental pointing (κ = 0.9), and parental 

responsiveness (κ = 0.82).  

3.2.1.5. Analyses. Data were analyzed using IBM Software SPSS. Parental 

responsiveness depended on the occurrence of infant pointing and was therefore 

operationalized as the number of parental responses divided by the number of infant 

pointing gestures. To account for the individual time of data collection, infant and parent 

pointing was calculated per minute of undisturbed data collection (total duration minus off-

task activities and infant fussing). We analyzed infant and parent behavior descriptively to 

assess the usability of the paradigm according to the benchmark parameters.  

3.2.2. Results 

Table 2 shows the benchmarks from previous studies with the original decorated 

room (left columns), the descriptive data of Experiment 1 (middle column), and 

Experiment 2 (right column). Eighteen infants pointed with their index-finger at least once, 

with an average frequency of less than one point per minute. Infant pointing frequency 

ranged from 0 to 16, for a total of 107 points. More than half of all index-finger points 

were accompanied by vocalizations. Hand points were rare and were not analyzed further 

(a total of seven points from five infants, 6% of all points). 
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Parents pointed more frequently than infants, z = 3.06, p = .002. All but one parent 

used the pointing gesture at least once. Parents responded to more than three-quarters of all 

infant points.  

 

Table 2 

Descriptive data of Study 1 and equivalent benchmarks from literature 

Note. Benchmarks from 1Choi et al., (2021); 2Ger et al., (2018); 3Kishimoto, (2017); 
4Liszkowski & Tomasello (2011); 5Liszkowski et al., (2012); 6Miller & Lossia, (2013); and 
7Rüther & Liszkowski, (2023). Studies 1-5 used the original decorated room paradigm for 

data collection. In Study 6, data were collected in a free play session. Means of experiment 

1 & 2 are reported with standard deviations in parentheses. 

  

 
Original decorated room         Remote decorated room 

 Range Mean Experiment  1 Experiment  2 

Number of infant 

index-finger pointers 
58%3 - 86%2 74%2,3,7 75% 81% 

Infant index-finger 

pointing frequency per 

minute 

0.833 - 2.87 1.762-5,7 0.86 (0.9) 1.46 (1.55) 

Accompanying 

vocalization 
34%3 - 64%4 50%2-5 56% (34.52) 55% (39.33) 

Number of pointing 

parents 
92%4 - 97%7 95%4,7 96% 79% 

Parental pointing 

frequency per minute 
1.774 - 3.332 2.642-5,7 1.99 (1.8) 1.57 (2.69) 

Parental 

Responsiveness 
65%6 - 74%2 71%1,2,6 79% (28.75) 83% (25.47) 
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3.2.3. Discussion 

The purpose of this experiment was to develop an easily accessible remote online 

format for observing infant gesture use during spontaneous interactions with their parent. 

The paradigm successfully elicited infant and parent pointing. Benchmark parameters from 

previous in-presence paradigms were largely comparable to the current data. The results 

suggest that the remote decorated room successfully discriminates between pointing and 

non-pointing infants. Parents responded to the expected amount of infant pointing, 

indicating a comparable social environment as in the original decorated room.  

The frequency of infant pointing appeared to be slightly reduced compared to 

previous findings, perhaps reflecting a difference between in-presence and remote settings, 

or in the types of stimuli. Since infants accompanied their pointing with vocalizations 

about as often as expected from previous findings, we assume that pointing in the remote 

paradigm bears a comparable level of infant communicativeness. In order to increase the 

amount of infant pointing, we optimized the stimuli in Experiment 2 to test whether this 

would increase the frequency of infant pointing.  

3.3. Experiment 2 

In Experiment 2, we investigated whether changes in stimulus presentation and 

material increased the frequency of infant pointing. Little systematic is known about the 

characteristics of stimuli that elicit infant pointing. In terms of infant preference, faces and 

face-like stimuli attract infants’ attention more readily than other stimuli across different 

situations and paradigms (Danko-McGhee, K., 2010; Gluckman & Johnson, 2013). 

Butterworth et al. (2002) found that the salience of a target, when accompanied by sound 

and motion, increased pointing in 16-month-old infants. Furthermore, in experimental in-

presence settings, hide-and-seek-like revelation of objects has been shown to elicit 

pointing, e.g., when a hand puppet appears from behind a curtain (Liszkowski et al., 2004). 
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Thus, the interestingness of stimuli may be a proxy for the motivation to communicate 

about them.  

In line with these findings, the stimulus presentation in Experiment 2 included only 

interesting objects typically known and appreciated by infants (i.e., a banana). To maintain 

a comparable level of interestingness, stimuli were not repeated. Additionally, half of the 

slides contained a face or face-like stimuli. To digitally mimic the hide-and-seek-like 

appearance of objects, a superimposed hexagon shape initially covered each stimulus and 

then moved laterally to a corner of the slide. We expected an overall increase in the 

pointing frequency of infants compared to Experiment 1. Furthermore, if visual preference 

implies greater interest in a stimulus and leads to a higher likelihood of communicating 

about it, then faces should elicit more pointing than other stimuli. 

3.3.1. Method 

3.3.1.1. Participants. Families were recruited as in Experiment 1. Sample size was 

determined by power analyses allowing for justified comparisons between Experiment 1 

and Experiment 2 with an independent t-test for unequal sample sizes, medium-large effect 

size (d = .7), and a power of 0.8 (planned N = 50, see Table SM.1 in the supplementary 

material section of this study). Forty-seven infant-parent dyads participated in Experiment 

2 (23 female infants; 7 fathers). Three additional dyads were excluded from the analyses 

due to technical difficulties during data collection. Infants’ mean age was 12 months and 

16 days (SD = 9.1; range: 12;3 – 12;30). All participating parents spoke German, 28% of 

the infants were raised bi- or multilingual. Forty participating parents had at least a 

bachelor’s degree.  
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Figure 3 

Sample stimuli in Experiment 2, Study 1 

 

Note. The hexagon revealed a familiar object without a face.  

 

3.3.1.2. Set-up and stimuli. We collected data using the same set-up, procedure, 

and slide-advancement as in Experiment 1. The presentation included 18 slides plus one 

opening and one closing slide. Slides showed one familiar object without repetitions. Half 

of the slides showed a face or a face-like configuration. To maintain infants’ level of 

attention, we presented one of three videos every fifth slide. For the same purpose, we 

added a brief attention-getting sound at the beginning of the slides at positions 3, 8, 13 and 

18. A hexagon matching the dominant color of the stimulus covered it at the beginning of 

each slide (see Figure 3). After 1.5 seconds, the hexagon revealed the object by moving to 

another part of the slide while decreasing in size. 

3.3.1.3. Coding and reliability. We coded the data and established the reliability as 

in Experiment 1. We calculated Kappa for infant index-finger pointing (κ = 0.88), 

accompanying vocalization (κ = .61), parental pointing (κ = .86), and parental 

responsiveness (κ = .77).  

3.3.1.4. Analyses. First, we reported our descriptive results as in Experiment 1. 

Additionally, we supplemented each section with direct statistical comparisons between 

Experiment 1 and Experiment 2 using independent sample t-tests or non-parametric tests. 
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Differences in infants’ pointing frequencies for stimuli with or without faces were tested 

with a dependent t-test. We combined data from both experiments to assess the cross-

sectional relationship between infant pointing frequency and parental behavior. We 

conducted a negative binomial regression for count data (Green, 2021; Zeileis et al., 2008) 

on infants’ index-finger pointing with parental responsiveness and pointing as predictors.  

3.3.2. Results 

Descriptive data of Experiment 2 are shown in the right column of Table 2 above. 

All but nine infants pointed with their index-finger at least once. Infants’ pointing 

frequency ranged from 0 to 30, for a total of 336 points. More than half of all index-finger 

points were accompanied by vocalizations. Infants in Experiment 2 pointed on average 0.6 

times more per minute, significantly different from infants in Experiment 1, t(69) = -2.05, 

p = .042. The number of infant pointers, χ²(1) = .33, p = .56, and the number of point-

accompanying vocalizations did not differ between the two experiments, t(37.77) = .06, p 

= .954. As in Experiment 1, hand points were rare and were not analyzed further (a total of 

33 points from 16 infants, 9% of all points). Stimuli with faces (M = .53, SD = .58) lead to 

a higher number of infant points than stimuli without faces (M = .37, SD = .53); t(46) = 

2.75; p = .008.  

Parents in Experiment 2 pointed as often as their infants did, t(64) = -.20, p = .841. 

All but 10 parents used the pointing gesture at least once. Parents responded to more than 

three-quarters of all infant points. Parents in Experiment 2 pointed at the same rate per 

minute as parents in Experiment 1, t(69) = .699, p = .487. The number of non-pointing 

parents was higher in Experiment 2, but not statistically significant, χ²(1) = 3.55, p = .059. 

Parents responded to a comparable number of infant points as in Experiment 1, t(54) = -

.544, p = .589. 

  



PARENTAL INFLUENCE ON THE DEVELOPMENT OF GESTURES 43 

 
 

Table 3 

Regression analysis of Study 1 

 B (SE) Exp(B) 
95% CI,  Exp (B) 

p 

LL UL 

Parental responsiveness 1.24 (.52) 3.46 1.25 9.54 .016 

Parental pointing -.02 (.01) .98 .96 1.01 .229 

Intercept 1.13 (.45) 3.09 1.29 7.43 .012 

Goodness of Fit                      deviance = 61.25                 df = 53           value/df = 1.16 

Note. N = 57, B = regression coefficient with standard errors (SE) in parentheses, Exp(B) = 

exponentiated regression coefficient, CI = confidence interval, LL= lower limit, UL= 

upper limit, scale = 1, p-values are reported two-tailed. 

 

Parental responsiveness and pointing did not correlate, when we combined data 

from Experiment 1 and 2, r = .07, p = .592. The overall model predicting infants’ pointing 

frequency with parental responsiveness and parental pointing was significant, χ2(2) = 6.31, 

p = .043. Parental responsiveness is a facilitating factor for infants’ pointing frequency, 

χ2(1) = 5.75, p = .016, whereas parent and infant pointing were not cross-sectionally 

related, χ2(1) = 1.45, p = .229. See Table 3 for regression coefficients. 

3.3.3. Discussion 

In Experiment 2, we adapted the stimuli to increase infants’ pointing frequency. 

With the new set of stimuli, infants pointed almost twice as often as in Experiment 1. 

Infants and parents behaved similarly in both studies with respect to other variables. The 

regression analysis revealed a significant synchronous relation between parental 

responsiveness and infant pointing frequency, supporting the longitudinal findings in the 

original decorated room (Ger et al., 2018). We found no synchronous relationship between 

parent and infant pointing, adding to the mixed findings in the literature.  
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Infants pointed more frequently to stimuli depicting faces. It remains uncertain, 

whether the increased appearance of faces, the implementation of an uncovering element, 

or random stimulus features led to infants’ increased pointing frequency in Experiment 2. 

Nevertheless, the significant difference between infants’ pointing frequencies in both 

studies demonstrates an effect of stimulus selection and presentation on the occurrence of 

infant pointing and calls for standardization of settings in future studies. 

3.4. General discussion 

The purpose of this study was to first develop and then improve a remote, social 

paradigm for observing infants’ gesture use. The remote online paradigm provided data 

comparable to the original decorated room. Importantly, it also captured the social 

dimension of parental responsiveness to infant pointing and parental pointing. Because 

pointing is a social act, it is important to preserve its social dimension when assessing it. 

This is particularly evident from the fact that parental responsiveness and infant pointing 

were cross-sectionally related. The new remote online decorated room paradigm represents 

the first successful implementation of a reliable remote tool to measure infants’ pointing 

abilities as well as parental behavior, for scientific or diagnostic purposes.  

Conceptually, it has been suggested that parental responsiveness promotes infant 

pointing (Ger et al., 2018; Liszkowski & Rüther, 2021; Tamis-LeMonda et al., 2014), 

which is supported by the results of the regression analysis. To make the results 

comparable across studies, it will be important to standardize the defined time window of a 

response. Setting a time interval that is too long could artificially increase responsiveness 

(e.g., Kishimoto, 2017; Liszkowski et al., 2012). In contrast to previous reports, the current 

study did not find a direct relation between parent and infant pointing frequency, which 

remains to be investigated (Liszkowski et al., 2012; Liszkowski & Tomasello, 2011; 

Mathews et al., 2012; Rüther & Liszkowski, 2023; Salomo & Liszkowski, 2013). One 
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possibility is that this relationship tends to be longitudinal, rather than synchronous, and/or 

is mediated by larger age ranges.  

The current study is a first step toward an easily accessible tool that allows for data 

collection from diverse samples, longitudinal studies in the home environment, large-scale 

multi-laboratory studies, and cross-cultural research. For the latter, it will be important to 

consider access to, and familiarity with digital devices and communication, as well as the 

appropriateness of stimulus material. An exciting prospect is the development of a 

standardized diagnostic screening tool to identify delayed prelinguistic communication and 

risk of language delay as early as possible. Identifying emerging language difficulties at 

the nonverbal stage may provide an option for prevention rather than intervention.   
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3.5. Supplementary material  

Table SM.1  

Power analysis  

t tests - Means: Difference between two independent means (two groups) 

Analysis: A priori: Compute required sample size 

Input: Tail(s) = Two 

 Effect size d = .7 

 α err prob = .05 

 Power (1-β err prob) = .8 

 Allocation ratio N2/N1 = 1.5 

Output: Noncentrality parameter δ = 2.87 

 Critical t = 2.00 

 Df = 68 

 Sample size group 1 = 28 

 Sample size group 2 = 42 

 Total sample size = 70 

 Actual power = .81 

Note. The power analysis was calculated with G*Power 3.1.9.4 
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4. Study 2: Infants adapt their pointing frequency to experimentally manipulated 

parental responsiveness but not parental pointing 

 

This paper was submitted (2023) and revised (2024) in a slightly different version under 

Kaletsch, K. & Liszkowski, U. (2024). Infants adapt their pointing frequency to 

experimentally manipulated parent responsiveness but not parent pointing. Infant and 

Child Development.  

 

4.1. Introduction 

Index-finger pointing is a crucial milestone in the development of referential 

communication. Infants’ pointing frequency is predictive of subsequent language 

development and risk for language delay (Colonnesi et al., 2010; Goldin-Meadow & 

Rowe, 2009; Lüke, Grimminger, et al., 2017; Salter & Carpenter, 2022). Given its 

developmental importance, several recent studies have investigated the ontogenetic origins 

and development of the pointing gesture (Cameron-Faulkner et al., 2021; Choi & Rowe, 

2021; Ger et al., 2018, 2023; Matthews et al., 2012; Rüther & Liszkowski, 2023). The 

resulting theoretical perspectives can broadly be divided into spontaneous onset accounts 

(Butterworth, 2003), social shaping accounts (Carpendale & Carpendale, 2010) and social 

constructivist accounts (Liszkowski & Rüther, 2021). A central question is which, if any, 

parental behaviors promote the development of infant pointing. Identifying the social 

learning mechanisms that influence the development of pointing will advance our 

understanding of the foundations of human communication and language. It also offers 

intriguing prospects for early parent-based interventions to reduce the risk of language 

delay.  
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According to the spontaneous onset account, infant pointing develops 

independently of the infant’s social interaction experiences (Butterworth, 2003), whereas 

shaping accounts claim the opposite. According to Carpendale and Carpendale (2010), 

pointing develops as parental reactions to infants’ nonsocial behavior, such as touching, 

shape them into communicative behaviors. Synthesizing, Liszkowski and Rüther (2021) 

provided evidence that infant gestures are communicative from the outset and are 

influenced by social interaction once the infant is cognitively ready to adequately process 

the social input. Social shaping and social constructivist accounts discuss two main social 

learning mechanisms in the development of pointing (for an overview, see Liszkowski & 

Rüther, 2021). First, parents respond to infants’ attentional bids (Carpendale & 

Carpendale, 2010), which facilitates communicative exchanges and thus infant pointing 

(Ger et al., 2018). Second, parents’ own pointing may serve as a model from which infants 

learn through imitation (Rowe & Leech, 2019; Tomasello, 1999). However, to date, no 

study has systematically investigated both factors simultaneously in an experimental 

setting.  

Infant communication elicits responses from their social partners (Kishimoto et al., 

2007), which in turn influence infants’ communicative exchanges, presumably by 

satisfying and enforcing infants’ social goals and motives for communication (Liszkowski 

& Rüther, 2021). Indeed, findings on responsiveness emphasized rather consistently the 

positive influence of parental responsiveness on infant communication (Tamis-LeMonda et 

al., 2014) and pointing (Ger et al., 2018; Liszkowski et al., 2004). For example, Cameron-

Faulkner and colleagues (2015) found a positive association between parents’ relevant 

responses to infants’ showing gestures at 10 months and infants’ pointing frequency at 12 

months. Ger and colleagues (2018) found a longitudinal relation between parents’ 

contingent responses to the pointing gestures of their 10-month-old infants and infants’ 
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pointing frequency at 12 months. However, research that examines the causal nature of this 

relationship is rare (but see Miller & Lossia, 2013). 

With respect to imitation learning, several studies found cross-sectional correlations 

between parent and infant pointing (Liszkowski & Tomasello, 2011; Liszkowski et al., 

2012; Matthews et al., 2012; Rüther & Liszkowski, 2023; Salomo & Liszkowski, 2013), 

while other studies failed to find this relationship (Ger et al., 2018 & 2023; Lüke, 

Ritterfeld, et al., 2017; Salo et al., 2019). Beyond correlations, one recent study reported 

training effects of increased parental pointing on later infant pointing (Rowe & Leech, 

2019), but another intervention study found no training effects from parent to infant 

pointing (Matthews et al., 2012). Beyond the heterogeneity of study-specific designs and 

findings, however, an important caveat to the interpretation of imitation is that several, if 

not all, of these findings appear to be compatible with a responsiveness account. This is 

because increased parental gestural communication may also entail increased contingent 

responsiveness. Indeed, Liszkowski et al. (2012) found that only parent and infant pointing 

gestures that followed each other within 10 seconds were positively correlated. In contrast, 

parent and infant pointing gestures that were not preceded by a partner’s point were not 

related. Similarly, Kishimoto (2017) found that it was not the overall rate of parental 

pointing that was related to infant pointing, but rather parents’ ratio of responding relative 

to initiating points. These findings undermine strict imitation accounts and emphasize the 

role of contingent responsiveness. They call for nuanced research examining parental 

pointing and parental responsiveness.  

The current study was designed to test whether infants’ pointing frequency is 

casually and immediately affected by parental responsiveness, parental pointing, or both. 

Data were collected using a remote online adaptation of the decorated room paradigm 

(Kaletsch & Liszkowski, 2024). We invited 12-month-old infants and their parents because 
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most typically developing infants can point around their first birthday (Carpenter et al., 

1998; Rüther & Liszkowski, 2023). To distinguish between the social learning mechanisms 

of positive reinforcement and imitation, we systematically manipulated two factors: (i) 

parental responsiveness to infant pointing and (ii) parental pointing frequency. In a 

between-subjects design across six experimental conditions, we instructed parents to be 

particularly responsive to their infants’ pointing gestures, or they received no 

corresponding instruction. Further, we either asked parents to point a lot, not to point, or 

they received no specific instruction on pointing. 

If infant pointing develops spontaneously, we did not expect to see an effect of 

experimentally manipulated parental behavior on infant pointing. If pointing is initially a 

nonsocial behavior, we may see effects of imitation learning, but not of parental 

responsiveness. Social shaping is a gradual process and does not occur within a five-

minute time window. If pointing is communicative from the start and facilitated by 

responsive feedback, infants should point more when we instructed their parents to respond 

contingently to infants’ pointing gestures. If imitation is the primary learning mechanism 

for infant pointing, we expected infants to point more when we instructed their parents to 

increase their own pointing. Correspondingly, infants should point less when parents were 

asked not to point.  

4.2. Method 

4.2.1. Participants 

Families were recruited from a database of parents who had agreed to participate in 

developmental studies (see Appendix B). Due to a shortage of comparable research, the 

effect size was not known a priori. G*power analyses for a small medium effect size (f = 

.25) in a 2x3 ANOVA with a power of .80 yielded an N = 158 (see Table SM.2 in the 

supplementary material section). Anticipating drop-outs, as is common in infant studies, 
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we invited 170 dyads to participate. Data were excluded due to infant fussiness (N = 9), a 

high levels of off-task activity (N = 3), and inadequate set-up (N = 9). Unexpectedly, we 

had to exclude additional 18 dyads, because videos could not be coded due to technical 

difficulties during data collection. Data were collected during the pandemic with 

restrictions and limited resources. Accordingly the sample was not supplemented by 

further dyads. The final sample size included 131 infant-parent dyads (65 female infants, 

112 mothers). Infants’ mean age was 12m14d (SD = 7.77, range: 12m0d - 12m31d). 

Preliminary analyses showed no group differences in parental gender, age, or education, or 

infant age and gender. All infants were typically developing and born at full term. At the 

time of data collection, the families lived in the metropolis Hamburg and the surrounding 

area. Parental age ranged from 22 to 54 years (M = 33.11, SD = 8.73). All participating 

parents spoke the national language German, while 21% of all infants were raised bi- or 

multilingual. One hundred participating parents had at least a bachelor’s degree and 83% 

were the primary caregiver of their infant. Forty-two infants regularly attended a day care 

center (20 females).  

4.2.2. Procedure 

Prior to the appointment participants received an email containing documents about 

the privacy policy, general instructions (see Appendix C for sample parent information, 

consent form and socioeconomic questionnaire of the KOKU), and technical requirements 

(see Appendix D). We collected data in an online video chat session in which dyads 

watched a presentation together on their screen for a maximum of five minutes. The slides 

were the same as in Experiment 1 of Study 1. They varied in terms of style (photographs 

vs. cartoons), familiarity (known vs. unknown objects), motion (picture vs. video), and 

number of stimuli presented (1-3). The duration of each slide was individually adapted to 

the dyads’ behavior and ranged from five to thirty seconds. The dyads’ behavior was 
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streamed via webcam at an appropriate distance to capture all gestures. For a detailed 

description of the remote decorated room, see Kaletsch & Liszkowski (2024). 

In order to test our hypotheses, we asked parents to follow specific instructions 

during data collection (see supplementary material). As shown in Table 4, we instructed 

parents to respond contingently to their infants’ pointing, without addressing a specific 

response type, or they received no specific responding instruction. In addition, parents 

were either asked to point a lot, not to point at all or they received no specific pointing 

instruction. We did not instruct parents not to respond at all to their infants’ gestures, as 

pilot testing indicated that this was not feasible, and parents provided rather negative 

feedback to this instruction. The study was conducted in accordance with the Declaration 

of Helsinki and was approved by the local ethics committee of the authors’ institution (see 

Appendix A). 

  

Table 4 

Experimental groups in Study 2 

 Responding (+) Responding (0) 

Pointing (+) P+R+ (N = 20) P+R0 (N = 26) 

Pointing (0) P0R+ (N = 19) P0R0 (N = 24) 

Pointing (-) P-R+ (N = 22) P-R0 (N = 20) 

Note. Responding is abbreviated by the letter R and pointing by the letter P. ‘+’ indicates 

an instructional increase of the target behavior, ‘0’ no specific instruction and ‘-’ the 

inhibition of the target behavior.  
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4.2.2.1. Coding and Reliability. We coded data with the Mangold Interact Lab 

suite version 18.5.5.1. Infant and parent pointing was coded according to Liszkowski and 

Tomasello (2011). Infant pointing was coded as index-finger pointing if the index-finger 

was clearly extended relative to all other fingers. Parental pointing gestures were coded 

independently of hand shape. Responses to infant pointing included a conservative time 

criterion of two seconds after the infant pointed (Ger et al., 2018; Wu & Gros-Louis, 

2014). We coded for contingent responses when parents non-verbally (gesturing, smiling) 

or verbally expressed a relevant uptake of the infants’ gesture by addressing the infant, her 

or his communication, or the relevant slide. Considered behaviors ranged from nodding to 

gestures and utterances. Off-task activities were coded when the dyad was not engaged in 

the task for more than three seconds (e.g., looked away; became distracted). Fussiness was 

coded when infants cried for more than three seconds. Dyads were excluded if infants cried 

for a total of more than 90 seconds or if less than 180 seconds of undisturbed data 

collection was available for coding. The mean duration of undisturbed data collection was 

289.97 seconds (SD = 29.53, range: 182.8 – 334.7). 

We calculated Cohen’s kappa using Mangold Interact software. Trained researchers 

double coded 20% of all videos (28). Two identical codes separated by a maximum of two 

seconds were defined as a match. Kappas were excellent for infant pointing (κ = .91), 

parental responsiveness (κ = 0.94) and parental pointing (κ = 0.98) 

4.2.3. Analyses 

We analyzed the data with IBM Software SPSS. To account for the individual 

duration of data collection, we calculated parent and infant pointing per minute. Parental 

responsiveness depended on the occurrence of infant pointing gestures. Therefore, we 

operationalized responsive behavior relative to the number of infant pointing gestures.  
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First, we tested for the effect of the different conditions on the frequency of infant 

pointing with a 2(responding) x3(pointing) ANOVA. Because one parent did not follow 

the instruction not to point (12 parental points), the corresponding dyad was excluded from 

the analysis. We verified the results on responsiveness by repeating the analyses with 

infants who pointed at least once during data collection (infant pointers), as non-pointing 

infants were not exposed to parents’ responsive behavior. 

Second, we examined whether parents successfully implemented the different 

instructions with two separate 2(responding) x3(pointing) ANOVAs on (i) parental 

responsiveness (ii) parental pointing. Planned contrasts were included for parental pointing 

(no pointing < no instruction < lots of pointing).  

4.3. Results 

4.3.1. Infant Pointing 

Figure 4 shows infants’ pointing frequencies across the six conditions. The 2x3 

ANOVA on infants’ index-finger pointing revealed a main effect of responding 

instructions, F(1, 124) = 4.15, p = .044, ηp
2 = .03, no effect of pointing instructions, F(2, 

124) = .74, p = .481 ηp
2 = .01, and no interaction, F(2, 124) = .64, p = .532 ηp 

2= .01. 

Infants of parents who were instructed to respond to their infants’ pointing gestures, 

pointed more frequently (M = 1.49, SD = 1.71) than infants of parents who received no 

corresponding instruction (M = .97, SD = 1.13).  
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Figure 4 

Infants’ pointing frequency in Study 2 

 

 

For additional analyses addressing the effect of responding instructions, we 

included only infant pointers (N = 84). A corresponding 2x3 ANOVA on infant index-

finger pointing confirmed the pattern of results with a main effect of responding 

instructions, F(1,78) = 4.44, p = .038, ηp
2 = .05, no effect of pointing instructions, F(2,78) 

= 2.14, p = .125, ηp
2 = .05, and no interaction, F(2,78) = .67, p = .515, ηp

2 = .02. A 

univariate ANOVA comparing the two superordinate responsiveness groups independent 

of pointing conditions confirmed that infant pointers used more pointing gestures when 

their parents received the instruction to be responsive (M = 2.21, SD = 1.69) than infant 

pointer of parents who did not receive the instruction (M = 1.54, SD = 1.09), F(1, 82) = 

4.76, p = .032, ηp
2 = .06. 
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4.3.2. Parental Behavior 

The 2x3 ANOVA on responsive behavior revealed a main effect of the instruction 

to respond to infant pointing, F(1,88) = 5.98, p = 0.016, ηp
2 = .06, no effect of pointing 

instructions, F(2,88) = 1.78, p = .175, ηp
2 = .04, and no interaction, F(2,88) = 1.36, p = 

.262, ηp
2 = .03). Parents in R+ conditions responded to 91% of infants’ pointing gestures 

(SD = 15.68). Parents who received no specific instruction on responsiveness responded 

contingently to 81% (SD = 25.35) of their infants’ pointing gestures.  

The 2x3 ANOVA on parental pointing revealed no effect of responding instruction, 

F(1,125) = .00, p = .98, ηp
2 = .00, a main effect of pointing instructions, F(2,125) = 103.64, 

p < .001, ηp
2 = .62, and no interaction, F(2,125) = .08, p = .92, ηp

2 = .00. A priori defined 

contrasts confirmed that parents pointed significantly more when they were instructed to 

do so (M = 5.97, SD = 2.73) compared to parents who received no instructions on pointing 

behavior (M = 2.21, SD = 1.75). As expected, parents who were instructed not to point 

used the fewest pointing gestures (M = .07, SD = .37), p’s < .001.  

4.4. Discussion 

The current study investigated whether different parental interaction styles have a 

direct effect on infants’ pointing frequency. Specifically, we tested predictions from 

responsiveness and imitation accounts of communicative development. There are two main 

findings from the present study. First, changes in the amount of parental responsiveness to 

infant pointing had a direct promoting effect on infants’ pointing frequency, independent 

of parental pointing. Second, changes in the frequency of parental pointing had no 

immediate effect on infants’ pointing frequency.  

The pattern of findings supports a social constructivist perspective on the 

development of infant pointing (Liszkowski & Rüther, 2021) and highlights the role of 

contingent responsive social interactions in enhancing infant communication and infant 
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pointing (Ger et al., 2018; Goldstein & Schwade, 2008; Tamis-LeMonda et al., 2014). 

Importantly, the current study goes beyond correlational patterns and experimentally 

establishes the role of responsiveness as a causal factor. In terms of the underlying 

mechanisms of this relationship, it is conceivable that when infants’ perceive their 

communication as successful, meaning it elicits a relevant response, it may encourage them 

to use more frequent and over time more explicit communicative signals. The results also 

echo findings from the word-learning literature (for an overview, see Luchkina & Xu, 

2022), which have shown that infants learn labels better when the input is related to the 

infant’s focus of attention, rather than directing attention away (Baldwin, 1995; Tomasello 

& Farrar, 1986). Spontaneous onset and social shaping accounts are not supported by our 

findings because infant pointing at 12 months is influenced by the social environment. 

Furthermore, infant pointing is clearly communicatively motivated as it increased as 

parents’ communicative responses increased, challenging social shaping accounts.  

In our study, the influence of parental responsiveness may even be underestimated 

because we exclusively addressed immediate effects. In addition, parental responsiveness 

was already relatively high at baseline because the self-selected sample was of a high 

socioeconomic status, which is often associated with educated, responsive parenting 

(Vanormelingen & Gillis, 2016). In a more diverse sample, experimentally enhanced 

parental responsiveness could potentially lead to a stronger effect. Nevertheless, parents in 

this study significantly increased parental responsiveness, allowing for a meaningful 

comparison between the uninstructed and instructed groups.  

Our findings challenge direct imitation as a relevant mechanism of infant pointing. 

First, neither the absence of parental pointing, nor an increase above the natural rate 

significantly altered infants’ pointing frequencies. In fact, the descriptive data indicated 

that the instruction not to point but to be responsive (P-R+ condition) produced the highest 
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mean of infant pointing. In contrast, an experimental longitudinal training study, in which 

parents were instructed (or not) to point a lot for their infants, showed that infants’ pointing 

frequency increased in the subsequent assessment session (compared to the control group; 

Rowe & Leech, 2019). One possibility is that the effects of parental pointing to infant 

pointing are only evident longitudinally (Rüther & Liszkowski, 2023), and thus were not 

present in the current study. Another possibility we have raised is that parents who point a 

lot also tend to be more responsive in their communication. The latter account provides an 

alternative interpretation to reports of associations between parent and infant pointing, 

consistent with current experimental findings. Imitation learning may still influence the 

onset of infants’ index-finger pointing (i.e., before pointing has emerged). On the other 

hand, the apparent universality of index-finger pointing in infancy, including cultures 

where pointing is tabooed (Liszkowski et al., 2012), suggests that the index-finger may 

also be a latent solution to the challenge of referential ambiguity.  

It is appropriate to acknowledge some limitations of our experimental design. Due 

to a relatively high dropout rate, experimental groups were smaller than intended, resulting 

in reduced statistical power. Infants used approximately five pointing gestures during data 

collection and therefore received only a limited number of parental responses. This may 

lead to an underestimation of the effects reported here. Importantly, if infants immediately 

adapt their pointing frequency to parental behavior, as our findings suggest, future training 

studies should take this circumstance into account. Longitudinal training effects need to be 

statistically separated from immediate adaptations at the time of post-intervention data 

collection. In addition, it is important to standardize the defined time window of a 

contingent response to make findings comparable across studies (Ger et al., 2018; 

Kishimoto, 2017; Liszkowski et al., 2012; Wu & Gros-Louis, 2014).  
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The present research contributes evidence for an interactional account of the 

development of pointing, especially regarding parental responsiveness. Responsive, 

contingent social interaction is crucial for the development of pointing and referential 

communication. Findings highlight the role of contingent parental responses as a primary 

candidate to enhance infants’ pointing frequency and as a possible way for early treatment 

to mitigate risks for communicative delays.  
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4.5. Supplementary material  

Table SM.2  

Power analysis  

F tests - ANOVA: Fixed effects, special, main effects and interaction 

Analysis: A priori: Compute required sample size 

Input: Effect size f = .25 

 α err prob = .05 

 Power (1-β err prob) = .8 

 Numerator df = 2 

 Number of groups = 6 

Output: Noncentrality parameter λ = 9.88 

 Critical F = 3.06 

 Denominator df = 152 

 Total sample size = 158 

 Actual power = .80 

Note. The power analysis was calculated with G*Power 3.1.9.4 
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Specific instructions for the different experimental conditions 

Baseline: P0R0 

In dieser Studie möchten wir beobachten wie Kinder und Eltern mit der digitalen 

Präsentation von Objekten und Handlungen umgehen. Bitte schauen Sie sich also die 

folgenden Folien gemeinsam mit ihr/ihm an. Verhalten Sie sich dabei so wie es sich für Sie 

richtig und natürlich anfühlt. Ich klicke auf die nächste Folie wenn (Name) das Interesse an 

der aktuellen Seite verliert oder Sie mir signalisieren, dass Sie gerne die nächste Seite 

sehen möchten. Das Ganze dauert maximal 5 Minuten und danach haben wir nochmal Zeit 

mögliche Fragen zu beantworten. Also denken Sie bitte daran sich gleich gemeinsam mit 

(Name) die Gegenstände und Szenen anzuschauen.  

Increased pointing: P+R0 

In dieser Studie möchten wir beobachten, wie Kinder auf viel kommunikatives 

Zeigen reagieren. Bitte verwenden Sie also während der folgenden Folien häufig „diese“ 

Geste. Verhalten Sie sich ansonsten so wie es sich für Sie richtig und natürlich anfühlt. Ich 

klicke auf die nächste Folie wenn (Name) das Interesse an der aktuellen verliert oder Sie 

mir signalisieren, dass Sie gerne die nächste Seite sehen möchten. Das Ganze dauert 

maximal 5 Minuten und danach haben wir nochmal Zeit mögliche Fragen zu beantworten. 

Also denken Sie bitte daran gleich vermehrt für (Name) zu zeigen. 

No pointing: P-R0 

In dieser Studie möchten wir beobachten, wie sich Kinder verhalten, wenn ihre 

Eltern die Zeigegeste nicht verwenden. Bitte vermeiden Sie es daher während der 

folgenden Folien auf den Bildschirm zu zeigen. Verhalten Sie sich ansonsten so wie es sich 

für Sie richtig und natürlich anfühlt. Ich klicke auf die nächste Folie wenn (Name) das 

Interesse an der aktuellen verliert oder Sie mir signalisieren, dass Sie gerne die nächste 

Seite sehen möchten. Das Ganze dauert maximal 5 Minuten und danach haben wir 
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nochmal Zeit mögliche Fragen zu beantworten. Also denken sie bitte daran gleich nicht für 

(Name) zu zeigen. 

Increased responsiveness: P0R+ 

In dieser Studie möchten wir beobachten, wie sich Kinder verhalten, wenn Sie als 

Eltern das Interesse Ihres Sohnes/Ihrer Tochter teilen. Eine Möglichkeit von Kindern Ihnen 

etwas mitzuteilen ist das Zeigen. Bitte gehen Sie daher während der folgenden Folien 

möglichst intensiv auf das Zeigen Ihres Kindes ein. Verhalten Sie sich ansonsten so wie es 

sich für Sie richtig und natürlich anfühlt. Ich klicke auf die nächste Folie wenn (Name) das 

Interesse an der aktuellen verliert oder Sie mir signalisieren, dass Sie gerne die nächste 

Seite sehen möchten. Das Ganze dauert maximal 5 Minuten und danach haben wir 

nochmal Zeit mögliche Fragen zu beantworten. Also denken Sie bitte daran gleich 

vermehrt auf (Name) Zeigen einzugehen.  

Increased responsiveness and increased pointing: P+R+ 

In dieser Studie möchten wir beobachten, wie Kinder auf kommunikatives Zeigen 

reagieren. Weiterhin interessiert es uns wie Kinder sich verhalten, wenn Sie als Eltern das 

Interesse Ihres Sohnes/Ihrer Tochter teilen. Bitte verwenden Sie daher während der 

folgenden Folien häufig „diese“ Geste und gehen Sie möglichst intensiv auf das Zeigen 

Ihres Kindes ein. Verhalten Sie sich ansonsten so wie es sich für Sie richtig und natürlich 

anfühlt. Ich klicke auf die nächste Folie, wenn (Name) das Interesse an der aktuellen 

verliert oder Sie mir signalisieren, dass Sie gerne die nächste Seite sehen möchten. Das 

Ganze dauert maximal 5 Minuten und danach haben wir nochmal Zeit mögliche Fragen zu 

beantworten. Also denken Sie bitte daran gleich vermehrt für (Name) zu zeigen und auf 

(Name) Zeigen einzugehen. 
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No pointing and increased responsiveness: P-R+ 

In dieser Studie möchten wir beobachten, wie sich Kinder verhalten, wenn ihre 

Eltern die Zeigegeste nicht verwenden. Weiterhin interessiert es uns wie Kinder sich 

verhalten, wenn Sie als Eltern das Interesse Ihres Sohnes/Ihrer Tochter teilen. Bitte 

vermeiden Sie es daher während der folgenden Folien auf den Bildschirm zu zeigen und 

gehen Sie möglichst intensiv auf das Zeigen Ihres Kindes ein. Verhalten Sie sich ansonsten 

so wie es sich für Sie richtig und natürlich anfühlt. Ich klicke auf die nächste Folie, wenn 

(Name) das Interesse an der aktuellen verliert oder Sie mir signalisieren, dass Sie gerne die 

nächste Seite sehen möchten. Das Ganze dauert maximal 5 Minuten und danach haben wir 

nochmal Zeit mögliche Fragen zu beantworten. Also denken sie bitte daran gleich nicht für 

(Name) zu zeigen und vermehrt auf (Name) Zeigen einzugehen. 

 

  



PARENTAL INFLUENCE ON THE DEVELOPMENT OF GESTURES 64 

 
 

5. Study 3: A training targeting parental responsiveness promotes index-finger 

pointing in 12-month-old infants 

5.1. Introduction 

Infants as young as 12 months use index-finger pointing to engage in cooperative 

communication with social partners, marking a milestone in infants’ referential 

communicative development (Rüther & Liszkowski, 2023). Pointing is suggested to be one 

trajectory that paves the way for subsequent language development (Iverson & Goldin-

Meadow, 2005), as both the onset and frequency of pointing predict later language 

development (Choi & Rowe, 2021; Colonnesi et al., 2010; Lüke, Grimminger, et al., 

2017). Given its crucial interface function, researchers have sought to identify factors that 

explain the large interindividual variability in infants’ pointing development (Cameron-

Faulkner et al., 2021; Donnellan et al., 2020; Matthews et al., 2012; Rowe, 2000). Social 

interaction accounts propose that the development of pointing is influenced by infants’ 

social environment (Carpendale & Carpendale, 2010; Liszkowski & Rüther, 2021). 

Investigating the influences of the social environment is particularly important because it 

offers the possibility of reducing the 30 million word gap of infants from low-income 

backgrounds (Hart & Risley, 2003). If certain parental behaviors influence the 

development of prelinguistic communication, then training these behaviors in at-risk 

populations may prevent the manifestation of later language delays. Two specific parental 

behaviors are currently under investigation. First, parental responses to infants’ early 

communicative signals (Cameron-Faulkner, 2015; Luchkina & Xu, 2022; Tamis-LeMonda 

et al., 2014), and second, parents’ own pointing (Kee, 2020; Matthews et al., 2012; Rüther 

& Liszkowski, 2023).  

Tamis-LeMonda and colleagues (2014) defined parental responsiveness as prompt 

and contingent reactions to infant behavior. From early on, contingent parental behavior is 
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positively associated with infants’ socioemotional (Koehn & Kerns, 2018), cognitive 

(Landry et al., 2006), and communicative development (Borairi et al., 2021). In the context 

of infants’ pointing development, research showed that parental responses to infants’ early 

HoG gestures predict infants’ subsequent pointing frequency (Cameron-Faulkner et al., 

2015). Additionally, Ger et al., (2018) reported on positive longitudinal correlations 

between parents’ contingent responses and infants’ pointing frequency. Despite these 

correlational findings, only cross-sectional studies examined the causal nature of the 

positive relationship between contingent parental responses and infants’ pointing 

frequency (Kaletsch & Liszkowski, 2024, under review (Study 2); Miller & Lossia; 2013). 

Longitudinal training studies targeted parental responsiveness in the context of infants’ 

language development (Alvarenga et al., 2021; Ramírez et al., 2020; McGillion et al., 

2017; Salter et al., 2023) and to improve joint attention and promote communication in 

children with or at risk for autism spectrum disorder (Kasari et al., 2014; Siller et al., 2012; 

Watson et al., 2017).  

Most training studies on infant pointing investigated a different aspect of the social 

constructivist account, namely the role of parental pointing, which may serve as a model 

through which infants learn via imitation (Kee, 2020). Rowe and Leech (2019) found that 

training parents’ pointing frequency at 10 months increased infants’ pointing frequency in 

a free play session two months later. In contrast, a training study by Matthews et al. (2012) 

found no effect on the onset or frequency of infant pointing in a comparable training study. 

However, in the same sample, infants’ pointing frequency was significantly correlated with 

parental pointing during a free play session. This heterogeneity in findings is also evident 

in correlational studies on infant and parent pointing. Parental pointing is reported to 

predict the onset of infant pointing (Rüther & Liszkowski, 2023), but not infants’ pointing 

frequency (Ger et al., 2018, 2023; Kishimoto, 2017). Cross-sectional observations found 
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positive (Matthews et al., 2012; Liszkowski et al., 2012) and no (Kaletsch & Liszkowski, 

2024 (Study 1); Salo et al., 2019; Rowe, 2000) relationships between parental and infant 

pointing. In conclusion, more research is needed to specify the role of parental pointing in 

infants’ pointing development. 

To date, no training study has addressed parental responsiveness and pointing 

simultaneously. However, it is important to consider both parental behaviors because the 

two represent parental communicativeness and thus may be correlated. Without 

incorporating parental responsiveness and pointing, positive effects of increased parental 

responsiveness may be driven by increased parental pointing and vice versa. Another 

limitation of previous training studies is that, they do not distinguish longitudinal training 

effects from infants’ prompt adaptations to increased parental behavior as reported by 

Miller and Lossia (2013; see also Kaletsch & Liszkowski, 2024, under review (Study 2)). 

To this end, analyses of training effects need to control for cross-sectional relationships 

between infant and parent behavior.  

In the present study, we trained parental responsiveness and their pointing to 

directly contrast their effects on infants’ index-finger pointing frequency. Data were 

collected at two time points using a remote adaptation (Kaletsch & Liszkowski, 2024) of 

the well-established decorated room paradigm (Liszkowski & Tomasello, 2011). Twelve-

month-old infants (t1) and their parents were randomly assigned to either a control or a 

training group. The training aimed to increase parental responsiveness and their pointing 

during daily 15-minute parent-infant training sessions. The control group received no 

corresponding instruction. After one month of training (t2), we examined group differences 

in infants’ pointing frequency, parental responsiveness, and parental pointing. In addition, 

and as control analyses, we investigated longitudinal and cross-sectional relations between 

infant pointing and parental behaviors. We expected to find positive associations between 
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infant pointing and parental responsiveness. In further support of social interaction 

accounts, we expected a, if any, positive influence of parental pointing on infants’ pointing 

frequency. Consequently, we hypothesized that infants in the training group would point 

more at t2 than infants in the control group.   

5.2. Method 

5.2.1. Participants 

We recruited families from a database of parents who had agreed to participate in 

developmental studies (see Appendix B). Participants lived in the metropolitan area of 

Hamburg at the time of data collection (from March until July 2022). The infants were 

typically developing and born at full term without visual or hearing impairment. We 

planned to conventionally collect data of N = 60 dyads. This sample size exceeds (Choi & 

Rowe, 2021; LeBarton et al., 2015; Matthews et al., 2012; Rowe & Leech, 2019) or is 

similar to (Goodwyn et al., 2000) sample sizes in other training studies of infant pointing. 

It allows us to test for medium effect sizes with a mixed ANOVA at two time points 

between two groups (f = .19, α = .05, Power = .8, see Table SM.3 in the supplementary 

material section). 

Five dyads were excluded from the analyses due to fussiness (1), technical 

difficulties (3), and absence at t2 (1). The final sample included 55 dyads (28 females), of 

which 28 (15 females) were assigned to the intervention group. Infants’ mean age at t1 was 

12m14d (SD = 6.91) and 13m15d (SD = 7.57) at t2. Dyads in the intervention group did 

not differ from those in the control group with respect to parental and infant age, gender, 

socioeconomic status, and the number of infant pointers at t1. 

  



PARENTAL INFLUENCE ON THE DEVELOPMENT OF GESTURES 68 

 
 

5.2.2. Procedure 

We collected data at both time points in an online video chat session. Prior to the 

first appointment parents received an email with documents regarding privacy policy, 

general instructions (see Appendix C for sample parent information, consent forms and 

socioeconomic questionnaire of the KOKU), and technical requirements (see Appendix D). 

Before data collection, we focused on optimizing conditions together with the parent in 

terms of comparability and avoidance of distraction. The dyads then watched a 

presentation together on their screen for five minutes. Each slide showed two age 

appropriate stimuli revealed by a page-turning animation (see Figure 5). Four videos and 

four additional audio signals were evenly distributed throughout the presentation to 

maintain infants’ attention. The duration of each slide was individually adapted to the 

dyads’ behavior and ranged from 5 to 30 seconds. The dyads’ behavior was transmitted via 

webcam at a proper distance to capture all gestures. The same procedure was repeated at 

t2. A detailed description of the paradigm see can be found in Kaletsch & Liszkowski 

(2024).  

 

Figure 5 

Sample stimuli in Study 3 

 

Note. The green slide revealed the two stimuli by a page-turning animation 
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5.2.2.1. Training. Parents in the intervention group received a training immediately 

after t1 baseline data collection. Parents watched a video that provided background 

information on infants’ index-finger pointing, details about the training program, and 

behavioral examples. For the next four weeks, parents were asked to engage in at least 15 

minutes of training with their infant each day. The training was divided into three 

components: (i) creating situations of shared interest (e.g., looking out of the window 

together), (ii) responding verbally to infants’ gestures, and (iii) parental pointing. We 

provided a link via email so that parents could watch the instructional video at their 

convenience. Parents received a study protocol (see supplementary material) to document 

their daily implementation of the training. Parents self-reported an average of more than 25 

days of training (M = 26.18, SD = 4.31, N = 22). 

 

Figure 6 

Study design of Study 3 
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The detailed procedure of the study is shown in Figure 6. In the first week, parents 

received a digital booklet (see supplementary material) that repeated the instructions and 

provided suggestions for joint activities. One week later, we mailed a set of bubbles and 

asked parents to use them during the implementation of the training. In week three, parents 

received a reminder for the next appointment and a link to a video of a popular age 

appropriate television show. We asked parents to watch the video together with their infant 

while implementing our training. The study was approved by the local ethics committee of 

the authors’ institution (see Appendix A). 

5.2.2.2. Coding and Reliability. Two coders were trained on the coding scheme 

using Mangold Interact Lab Suite version 18.5.5.1. We coded infants’ index-finger points 

when the infant extended his or her arm and the index-finger was clearly spread relative to 

the other fingers (Liszkowski & Tomasello, 2011). Parental contingent responses involved 

a discernible change in parents’ behavior (e.g., verbal reactions, nodding) and expressed an 

uptake of infants’ attention or intention within two seconds after the infant pointed (Ger et 

al., 2018; Wu & Gros-Louis, 2014). Parental pointing was coded independently of hand 

shape. To capture the duration of unimpaired data collection, we additionally coded off-

task activities (e.g., repositioning the screen) and infant fussing.  

We calculated Cohen’s kappa with the included Mangold Interact tool. 20% of all 

videos (11) were double coded. We defined a match as two identical codes maximal two 

seconds apart. Kappas were excellent for infant index-finger pointing (κ = .82), parental 

responsiveness (κ = .81), and parental pointing (κ = .88). 

5.2.3. Analyses 

To account for individual differences in the duration of data collection, we 

calculated infant and parent pointing frequencies per minute. Parental responsiveness was 

operationalized as a proportion relative to the number of infant points. In our main 
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analysis, we used a 2 (group, between-subject) x2 (time point, within-subject) mixed 

ANOVA to assess group differences pre- and post-intervention. 

To test whether the training instructions led to observable differences in parental 

responsiveness and pointing, we conducted 2 (group, between-subject) x2 (time point, 

within-subject) mixed ANOVAs. We conducted a series of regression analyses to identify 

factors that explained variance in infants’ pointing frequency at t2. Model 1 tested whether 

infants adapted their pointing cross-sectionally to parental behavior at t2. For this purpose, 

Model 1 included parental responsiveness and pointing at t2 as predictors, while 

controlling for infants’ pointing frequency at t1. Model 2 tested for longitudinal relations 

and included parental responsiveness and pointing as well as infant pointing at t1 as 

predictors of infant pointing at t2. Model 3 examined whether group assignment emerged 

as a significant predictor when controlling for relevant parental behaviors. We therefore 

included one-tailed significant predictors of Model 1 and 2, infant pointing at t1 and 

dummy coded group assignment as predictors. 

To account for the overdispersion in count data, we used negative binomial 

distributions (Ver Hoef & Boveng, 2007). Additionally, we selected robust estimators to 

obtain robust standard errors for the parameter estimates (Cameron & Trivedi, 2009).  

5.3. Results 

Descriptive data on infant pointing, parental responsiveness and parental pointing 

are presented in Table 5. The 2(group) x2(time point) mixed ANOVA on infants’ pointing 

frequency revealed no main effect of group assignment, F(1,53) = 2.65, p = .109, ηp
2= .05, 

a significant main effect of time, F(1,53) = 11.32, p = .001, ηp
2= .18, and a significant 

interaction, F(1,53) = 4.43, p = .04, ηp
2= .08. As shown in Figure 7, after the intervention at 

t2, infants in the training group pointed more frequently than infants in the control group, 

F(1,53) = 4.64, p = .036, ηp
2= .08. This between-group difference was not evident at t1, 



PARENTAL INFLUENCE ON THE DEVELOPMENT OF GESTURES 72 

 
 

F(1,53) = .01, p = .935, ηp
2 = .00. In the control group infants’ pointing frequency did not 

differ between time points, F(1,53) = .78, p = .381, ηp
2 = .02, whereas infants in the training 

group increased their pointing frequency from t1 to t2, F(1,53) = 15.23, p < .001, ηp
2 = .22. 

 

Table 5 

Descriptive statistics of Study 3 

                 t1                 t2 

 Control Intervention Control Intervention 

Infant pointing  1.04 (1.44) 1.07 (1.11) 1.38 (1.32) 2.54 (2.47) 

Parental responsiveness .78 (.36) .85 (.30) .80 (.29) .94 (.13) 

Parental pointing 1.67 (2.00) 1.61 (1.44) 1.58 (1.62) 4.08 (2.34) 

Note. Parameters display means of each group with standard deviations in parentheses. 

 

Figure 7 

Infants’ pointing frequency in Study 3 

 

Note. The lines connect the mean values of the intervention group (black) and the control 

group (grey) pre- and post-intervention.  
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The 2x2 ANOVA on parental responsiveness revealed no effect of group, F(1,34) = 

1.12, p = .298, no main effect of time, F(1,34) = 2.32, p = .137, and no significant 

interaction, F(1,34) = .04, p = .846. However, when the nine infants who did not point at t1 

but did point at t2 (N = 4 in the intervention group) were included, parents in the training 

group were more responsive at t2 than parents in the control group, t(27.21) = -2.22, p = 

.043, d = .22. The 2x2 ANOVA on parental pointing revealed a main effect of group, 

F(1,52) = 7.68, p = .008, ηp
2 = .13, a main effect of time, F(1,52) = 20.93, p < .001, ηp

2 = 

.29, and a significant interaction, F(1,52) = 24.16, p < .001, ηp
2 = .32. Pairwise comparisons 

showed that parents in both groups pointed equally frequent at t1, F(1,52) = .02, p = .905, 

ηp
2 = .00, while parents in the training group pointed more frequently at t2 compared to 

parents in the control group, F(1,52) = 20.66, p < .001, ηp
2 = .28.   

The first regression model assessed cross-section relations at t2 between infant 

pointing, parental responsiveness, and parental pointing (see Table SM.4). Parental 

responsiveness and pointing at t2 were correlated, r = .49, p <.001, but multicollinearity 

diagnostics indicated no resulting difficulties for the model (VIFs < 1.34). The model was 

not significant, χ2(3) = 4.52, p = .210. Parental pointing emerged as a one-tailed significant 

predictor, negatively associated with infant pointing, χ2(1) = 3.28, p = .035.  

The second regression model examined longitudinal relations between infant 

pointing at t2 and parental responsiveness and pointing at t1 (see Table SM.5). Parental 

responsiveness and pointing at t1 were correlated, r = .33, p = .039, with no confounding 

effects on the model (VIFs < 1.18). The overall model was one-tailed significant, χ2(3) = 

7.18, p = .034. Parental responsiveness was positively associated with subsequent infant 

pointing, χ2(1) = 5.07, p = .024.  

The final regression model examined whether group assignment explained variance 

in infants’ pointing frequency at t2 when controlling for relevant infant and parent 
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behavior (see Table 6). The model included parental responsiveness and infant pointing at 

t1, parental pointing at t2, and dummy coded group assignment (0 = control group) as 

predictors. The correlation between parental responsiveness at t1 and parental pointing at 

t2 did not confound the model, r = .42, p = .002, VIFs < 1.24. The overall model and all 

included predictors were significant, χ2(4) = 12.48, p = .014. The results indicated that 

infants in the intervention group pointed more at t2 due to the preceding training. The 

pattern of results suggested that the effect of training unfolded in line with the positive 

longitudinal effect of parental responsiveness, and despite the negative cross-sectional 

effect of increased parental pointing. Analyses support the findings of individual stability 

in pointing, as infants’ pointing frequency at t1 predicted their pointing one month later in 

all regression models.  

 

Table 6 

Regression analysis of Study 3 

 B (SE) Exp (B) 
95% CI,  Exp (B) 

p 
LL UL 

Intervention Status  

    Control group = 0 
-.67 (.23) .51 .33 .80 .003 

Parental responsiveness, t1 1.35 (.44) 3.87 1.63 9.17 .002 

Parental pointing, t2 -.13 (.04) .87 .81 .95 .001 

Infant pointing, t1 .18 (.06) 1.20 1.06 1.36 .004 

Intercept 1.63 (.45) 5.13 2.13 12.35 <.001 

Goodness of Fit                      deviance =  50.32           df = 35           value/df = 1.44 

Note. N = 41, B = regression coefficient with standard errors (SE) in parentheses, Exp(B) = 

exponentiated regression coefficient, CI = confidence interval, LL= lower limit, UL= 

upper limit, scale = 1, p-values are reported two-tailed. 
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5.4. Discussion 

The present study evaluated the effect of a parent-based training on the index-finger 

pointing frequency in 12-month-old infants. The primary objective of the study was 

successfully met, as four weeks after training, infants in the training group pointed 

significantly more than infants in the control group. In addition, parents in the training 

group increased their communicative behaviors at t2 compared to parents in the control 

group, demonstrating the effectiveness of the training program. Parental responsiveness 

was not cross-sectionally related to infant pointing, in contrast to parental pointing, which 

was negatively correlated with infant pointing. Parental responsiveness and infant pointing 

at t1 were longitudinal predictors of infant pointing at t2. After controlling for cross-

sectional and longitudinal relations between infant pointing and parent behavior, group 

assignment emerged as a significant predictor for infants’ pointing frequency. The findings 

indicated that infant pointing in the training group increased as a longitudinal function of 

group assignment, not as a consequence of infants’ immediate adaptation to parents’ 

increased behavior during post-intervention data collection. The correlations between 

parental responsiveness and parental pointing at both time points, confirmed our initial 

assumption that both behaviors are components of parents’ overall communicativeness. 

Furthermore, these findings highlight the need to consider parental responsiveness and 

pointing simultaneously, especially in future training studies. 

The results were consistent with a social constructivist perspective on the 

development of infant pointing. In a comparatively lean view, infants’ early pointing 

gestures are neither communicative nor social in nature (Carpendale & Carpendale, 2010; 

O’Madagain, 2019). Our findings, however, emphasized infants’ social and referential 

pointing intentions, as improved parental responsiveness promoted infants’ pointing. A 

compelling explanation for this relationship appears to be positive reinforcement. Infants in 
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the training group increasingly experienced their pointing as successful, i.e. their 

referential goals are met by parental responses, and in turn they use the gesture more 

frequently (Liszkowski & Rüther, 2021). This construct may not be generalizable to the 

age of emergence of infant pointing, as the influence of parents on the onset and the 

frequency of pointing could unfold differently. However, contingent interaction 

experiences are generally beneficial for infants’ communication development (Luchkina & 

Xu, 2022). 

The results indicated that imitation, as a social learning mechanism, does not 

sufficiently explain the interindividual variability in infants’ pointing frequency. On the 

contrary, parent and infant pointing frequencies were negatively correlated in the current 

study. One possible interpretation of this cross-sectional finding is that the more parents 

point, the fewer turn-taking options infants have. Furthermore, infants’ cognitive resources 

may be consumed by following parents’ lead, leaving less capacity to share reference and 

initiate episodes of joint attention themselves. Another explanation for the negative 

relationship between parent and infant pointing concerns the experimental remote 

paradigm. Infants are less familiar with digital stimuli and may easily lose their interest in 

the task, obliging the parents to redirect infants’ visual attention to the screen. Besides 

inflating the natural pointing frequency of parents, this methodological constraint could 

confound the findings, as parents’ tendency to redirect infants’ attention is negatively 

associated with the establishment of joint attention (Garner & Landry, 1994; Legerstee et 

al., 2002; Tomasello & Farrar, 1986). Regarding the conflicting research findings between 

infant and parent pointing, it is conceivable that the results are mediated by correlating 

parental responsiveness. It is likewise possible that the facilitating influence of parental 

pointing is manifested longitudinally and/or primarily affects the onset of infant pointing, 

irrespective of the negative cross-sectional relations.  
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The current study has certain limitations, particularly with regard to two biases on 

the training effects. First, parental responsiveness in our self-selected sample was already 

relatively high at baseline which potentially underestimates the training-induced increase. 

Second, it should be noted that parental behavior during data collection serves only as a 

proxy for the extent to which parent-child interaction in the home environment differed 

between the groups. For this reason, we cannot determine with certainty what actually 

contributed to the training effect. Future studies may collect more representative data 

during free play sessions or home visits. In addition, long-term effects should be analyzed 

in follow-up sessions, as well as the transfer of infant training effects to later language 

abilities. Another interesting research question concerns the impact of parental 

responsiveness on other infant gestures and the onset of infant pointing.  

Although some modifications to the current design are conceivable, the present 

study provided evidence for the causal role of parental responsiveness on the frequency of 

infant index-finger pointing. The findings indicated that a brief parental responsiveness 

training increased infants’ pointing frequency. Thus, parental responsiveness emerged as a 

primary candidate for treating infants’ prelinguistic communicative delays in parent-based 

interventions. 
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5.5. Supplementary material of Study 3 

Table SM.3  

Power analysis  

F tests - ANOVA: Repeated measures, within-between interaction 

Analysis: A priori: Compute required sample size 

Input: Effect size f = .19 

 α err prob = .05 

 Power (1-β err prob) = .8 

 Number of groups = 2 

 Number of measurements = 2 

Output: Noncentrality parameter λ = 8.38 

 Critical F = 4.01 

 Numerator df = 1.00 

 Denominator df = 56.00 

 Total sample size = 58 

 Actual power = .81 

Note. The power analysis was calculated with G*Power 3.1.9. 
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Daily training protocol 
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Booklet for the training group 
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Table SM.4  

Cross-sectional regression model 

 B (SE) Exp (B) 
95% CI,  Exp (B) 

p 
LL UL 

Parental responsiveness, t2 .87 (.69) 2.39 .62 9.29 .208 

Parental pointing, t2 -.09 (.05) .91 .83 1.01 .070 

Infant pointing, t1 .14 (.07) 1.15 1.00 1.31 .044 

  Intercept 1.81 (.59) 6.13 1.94 19.39 .002 

  Goodness of Fit                    deviance =  47.67           df = 40           value/df = 1.19 

Note. N = 45, B = regression coefficient with standard errors (SE) in parentheses, Exp(B) = 

exponentiated regression coefficient, CI = confidence interval, LL= lower limit, UL= 

upper limit, scale = 1, p-values are reported two-tailed. 

 

Table SM.5 

Longitudinal regression model 

 B (SE) Exp (B) 
95% CI,  Exp (B) 

p 
LL UL 

Parental responsiveness, t1 1.05 (.47) 2.85 1.15 7.09 .024 

Parental pointing, t1 .03 (.09) 1.03 .87 1.23 .707 

Infant pointing, t1 .19 (.08) 1.21 1.03 1.41 .018 

  Intercept 1.17 (.44) 3.23 1.35 7.72 .008 

  Goodness of Fit                    deviance =  48.08           df = 35           value/df = 1.37 

Note. N = 40, B = regression coefficient with standard errors (SE) in parentheses, Exp(B) = 

exponentiated regression coefficient, CI = confidence interval, LL= lower limit, UL= 

upper limit, scale = 1, p-values are reported two-tailed. 
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6. Study 4: Parental responsiveness and pointing influence the development of early 

deictic gestures in infants: A longitudinal study in the context of training 

6.1. Introduction 

Shortly before their first birthday, infants demonstrate the ability to direct the 

attention of others towards external entities. By 10 months of age, infants begin to hold out 

and give objects to their interaction partner (HoG gestures) in order to share interest and 

actively initiate episodes of joint attention (Boundy et al., 2019; Cameron-Faulkner et al., 

2015 & 2020). At 11 months of age, infants expand their communicative repertoire to refer 

to distant and even absent entities via index-finger pointing (Bohn et al., 2018; Liszkowski 

et al., 2007; Rüther & Liszkowski, 2023). Both gesture types are early manifestations of 

intentional, referential communication and serve as predictors of subsequent language 

acquisition (Cameron-Faulkner et al., 2021; Choi et al., 2021). The development of 

referential gestures depends not only on infants’ cognitive development, but also on 

infants’ social environment (Liszkowski, 2018b). Within a social constructivist framework, 

parental responses to infants’ interest and communicative signals may shape their 

communicative development (Luchkina & Xu, 2022). Another conceivable social learning 

mechanism involves parental gestures, which may serve as a model from which infants 

learn via imitation (Liszkowski & Rüther, 2021). We conducted a longitudinal training 

study to assess whether parental responsiveness and the frequency of parental pointing in 

interaction with their 7-month-old infants predicted the development of infant pointing and 

HoG gestures at 10 months.  

The foundation of human language in the form of reference is already evident in 

gestures, as they allow infants to express their interest in external entities and initiate 

triadic exchanges (Boundy et al., 2019; Liszkowski et al., 2004). Index-finger pointing is 

an extensively studied gesture that typically emerges around 11 months of age (for an 
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overview, see Liszkowski, 2018a). As in verbal communication, the pointing gesture can 

serve different communicative purposes, ranging from a rather basic imperative (Carpenter 

et al., 1998; van der Goot et al., 2014) to the uniquely human declarative motive 

(Liszkowski et al., 2007). Both the onset and the frequency of index-finger pointing predict 

subsequent language development (for meta-analyses, see Colonnesi et al., 2010 and Kirk 

et al., 2022). Specifically, pointing to a particular object predicts the acquisition of the 

corresponding word and word-point combinations precede the two-word stage (Iverson & 

Goldin-Meadow, 2005). Infant pointing frequency itself correlates with antecedent HoG 

gestures (Cameron-Faulkner et al., 2015; Rüther & Liszkowski, 2023; but see Cameron-

Faulkner et al., 2021), which in turn predict language development (Cameron-Faulkner et 

al., 2021; Choi et al., 2021). Infant HoG gestures occur to share interest and attention with 

social partners (Boundy et al., 2019), but do not overcome the challenge of communicating 

about spatially or temporally distant objects (displacement feature). HoGs can therefore be 

considered as a “proximal practice ground” for subsequent index-finger pointing 

(Cameron-Faulkner et al., 2015). Both gesture types reflect the early presence of 

intentional, referential, and declarative communication in the first year of life. 

Infants’ gestural communication does not develop in a vacuum, but in the context 

of social interactions (for an overview, see Liszkowski & Rüther, 2021). Recent research 

showed that parental responsiveness to infant signals is positively correlated with several 

aspects of infants’ development (Elmlinger et al., 2023; Goldstein & Schwade, 2008; 

Luchkina & Xu, 2022; Masek et al., 2021; Tamis-LeMonda & Bornstein, 2002). In terms 

of infants’ gesture development, experimental studies reported that 12-month-old infants 

directly adapted their pointing frequency to the responses elicited by their previous 

pointing (Kaletsch & Liszkowski, under review (Study 2); Liszkowski et al., 2004; Miller 

& Lossia, 2013; Wu & Gros-Louis, 2014). Relevant parental responses, namely those that 
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addressed the target of the infant’s gesture, to 10-month-old infants are predictive of infant 

pointing at 12 months (Ger et al., 2018). An intervention addressing parental 

responsiveness to infant pointing at 12 months increased infants’ pointing frequency one 

month later (Study 3). Infants whose HoG gestures elicited longer interaction sequences at 

10 and 11 months, used more index-finger pointing gestures one month later (Cameron-

Faulkner et al., 2015). To date, research has not investigated whether parental 

responsiveness prior the infants’ tenth month of life influences the onset and frequency of 

infant index-finger pointing.  

In addition to parental responsiveness, imitation learning processes and thus 

parental pointing gestures may be relevant for infants’ pointing development. Parents point 

for their infants from seven months onward (Rüther & Liszkowski, 2023), which possibly 

serves as a model for infants’ own pointing development. Because parents intuitively adapt 

their behavior to the developmental stage of their infant (Parsons et al., 2017), infants may 

be cognitively equipped to adequately process parental pointing gestures by seven months 

of age. In two training studies, parent and infant (10 to 12 months) pointing was cross-

sectionally correlated during free play. Parental pointing training in these two studies 

produced contrasting results regarding the effect on infant pointing frequency (Matthews et 

al., 2012; Rowe & Leech, 2019). Cross-sectional correlations during free play were not 

consistently replicated at 12 (Salo et al., 2019) and 14 months (Rowe, 2000). When 

measured with the established decorated room paradigm (Liszkowski & Tomasello, 2011), 

parent and infant pointing (7 to 14 months) was directly correlated cross-sectionally 

(Liszkowski et al., 2012) and in split median calculations at 12 months (Liszkowski & 

Tomasello, 2011). In addition to supporting split median correlations of parent and infant 

pointing at 12 months, Rüther and Liszkowski (2023) found that parental pointing at 8 

months correlated with infants’ pointing onset. Other longitudinal studies did not confirm 
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the predictive value of parental pointing in the decorated room for infants’ pointing 

development and found no cross-sectional relations between parental and infant pointing at 

8, 9, 10, 11 or 12 months (Ger et al., 2018; 2023). In the remote variant of the decorated 

room paradigm, parent and infant pointing did not correlate cross-sectionally at 12 months 

(Kaletsch & Liszkowski, 2024; Kaletsch & Liszkowski, under review (Study 2)). In a 

longitudinal remote training study, increased parental pointing was negatively correlated 

with infant pointing at 13 months (Study 3). Given the varying results and the different 

observational paradigms, the relationship between parental and infant pointing remains 

unclear, especially with regard to the early development of infant pointing (< 12 months). 

Research provides limited data about parental influences on infants’ HoG 

development, although HoG gestures are often considered when studying deictic gestures 

in general (Choi et al., 2020; Hall et al., 2013). Regarding the influence of responsiveness 

on infants’ HoG development, Boundy and colleagues (2019) found that 10-month-old 

infants adapted their communicative behaviors based on whether or not their previous HoG 

gesture elicited joint attention. An intervention targeting parental responsiveness in 6-

month-old infants, resulted in more infant prelinguistic communication, including HoG and 

pointing gestures, at 12 months compared to an active control group (Salter et al., 2023). In 

summary, infants’ gesture development generally benefits from parents’ prompt, 

contingent, and appropriate reactions to the infants’ communicative and exploratory 

behaviors (Alvarenga et al., 2021; Bornstein & Tamis-LeMonda, 1989). Rüther and 

Liszkowski (2023) found no significant correlation between parental pointing in the 

decorated room for their 8-month-old infants and the infants’ subsequent HoG 

development. Salomo and Liszkowski (2013) found that infants’ HoG frequency differed 

across cultural groups (Mayan, Dutch and Chinese) as a function of interactional input. At 

14 months, infants’ general gesture types (including HoGs) during home visits correlated 
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with parental gesture types (Rowe & Goldin-Meadow, 2009). Further empirical research is 

needed to examine the specific influence of parental responsiveness and parental pointing 

on infants’ HoG development. 

The current study investigated whether a training targeting parental responsiveness 

promoted early pointing and typical HoG development in infants. We collected 

longitudinal data (N = 84) at monthly intervals between the infants’ seventh and tenth 

months of age. Parent and infant pointing was observed in the remote decorated room 

(Kaletsch & Liszkowski, 2024). We collected data on infants’ HoG development, parental 

responsiveness, and pointing during free play sessions. The training aimed to increase 

parental responsiveness to infants’ interest and communication through daily 15-minute 

parent-infant training sessions. The control group received no corresponding instruction. 

After three months of training, we examined group differences in infants’ pointing and 

HoG status, as well as pointing and HoG frequency at 10 months. We conducted regression 

analyses to investigate longitudinal and cross-sectional relationships between infants’ 

gesture development, parental responsiveness, parental pointing and group assignment. 

Given the consistent findings on parental responsiveness in current literature, we 

hypothesized that infants of responsive parents are more likely to be pointers and use more 

pointing gestures at 10 months. As a replication finding, we anticipated longitudinal 

relations between parental pointing during free play and infant pointing status and 

frequency. Parental pointing in the remote decorated room was not expected to be related 

to infants’ pointing development (see Studies 1-3). With regard to the similarities between 

index-finger pointing and HoG gestures, related social learning mechanisms were 

presumed to influence the development of HoG gestures. We expected a promoting effect 

of training on infants’ pointing and HoG development. 
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6.2. Method 

6.2.1. Participants 

Participants were recruited from a database of families who agreed to participate in 

developmental studies typically from middle to high socioeconomic backgrounds (see 

Appendix B). The families lived in a German metropolis. All infants were typically 

developing, without visual or auditory impairment, and born at full term. We planned to 

collect data of 80 dyads to compare infants’ gesture status between groups using a Chi-

Squared test (w = .31; α = .05; Power = .8, see Table SM.6 in the supplementary material 

section). To account for dropouts, we invited 90 infant-parent dyads. Eighty-eight dyads 

participated at t1, of which three were excluded from analyses because the dyads did not 

attend subsequent appointments. One additional infant was diagnosed with visual 

impairment during the study and was therefore not included in the analyses. 

The final sample included 84 participants (43 female infants). Forty-one dyads (20 

female infants) were randomly assigned to the control group. At the first appointment, 

infants’ mean age was 231.4 days (SD = 4.3), and at the last appointment, infants’ mean 

age was 314.1 days old (SD = 10.1). The mean time between two subsequent appointments 

was 28 days. Nine percent of all infants were raised bi- or multilingual. The mean age of 

the parents was 35 years (SD = 3.5), and 85% had at least a bachelor’s degree. Participants 

did not differ between groups in terms of infant gender distribution, age, or socioeconomic 

background.  

6.2.2. Procedure 

We collected data at four time points in online video chat sessions. Prior to the first 

session, parents received an email with documents about the privacy policy, technical 

requirements (see Appendix D), general instructions, and a link to a questionnaire about 

their socioeconomic status (see Appendix C for sample parent information, consent form 
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and socioeconomic questionnaire of the KOKU). During the video chat sessions, we first 

optimized the data collection conditions whenever necessary, focusing on comparability, 

visibility and avoidance of distraction. Infant and parent pointing was observed in all four 

sessions using the remote decorated room paradigm (Kaletsch & Liszkowski, 2024). Dyads 

watched a slide show (see Appendix E) together via screen sharing for five minutes while 

being webcam-recorded at an appropriate distance to capture all gestures. Each slide 

showed two age-appropriate stimuli revealed by a page-turning animation. After seven and 

eighteen seconds, short animations, such as changes in color or position (see Figure 8), 

occurred. We implemented these animations to allow the dyads to discover something new 

during the presentation of each slide, thus increasing the likelihood of triadic 

communication. For the same reason, a face was shown on each slide. Four videos and five 

additional sounds were evenly distributed throughout the presentation. The presentation 

time of each slide was adapted to the dyads engagement and ranged from five to thirty 

seconds. We asked parents to interact with their infant as naturally as possible during data 

collection. The infant was either seated in a high chair next to the parent or on the parents’ 

lap.  

 

Figure 8 

Sample stimuli in Study 4 

 

Note. In the first animation sequence, the banana is peeled. In the second animation 

sequence, the rubber duck moves toward the banana. 
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At the initial and the final appointments, we additionally examined infant-parent-

interaction in a five-minute free play session (see Figure 9). Free play was conducted after 

the remote decorated room, with the order of the paradigms being reversed if the infants’ 

mood required it. Typically, parents placed the laptop on a chair or the sofa to transmit the 

scene from an elevated angle without distracting the infant. Again, we instructed parents to 

interact with their infant as naturally as possible. Parents received the relevant toys by mail 

prior to the first appointment. We selected toys that would encourage different types of 

play and be of interest to both 7- and 10-month-old infants. The set included four different 

colored wooden rings, a silver bowl, a wooden treasure chest, a porcupine ball, a rainbow 

spiral, a rattle, a spoon and a magic wand. While the data collection at t1 and t4 served as 

baseline and outcome measures, the two appointments in between were included to keep 

parents involved in our study and to provide an opportunity to clarify questions. 

 

Figure 9 

Infant HoG gesture during remote free play 
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6.2.2.1. Training. As shown in Figure 10, parents in the intervention group 

received training immediately after baseline data collection. The training instructions were 

delivered via a pre-recorded eight-minute video for comparability purposes. The video 

provided information on infants’ gestural development and its relevance to language 

development. Further, we emphasized the influence of parental behavior on infants’ 

communicative development and asked them to implement our training instructions for at 

least 15-minutes per day. The training involved identifying and/or establishing situations of 

shared interest in everyday life (e.g., morning routines, walks together). We asked parents 

to respond to infants’ interest by i) sharing infants’ focus of attention, ii) communicating 

about it, iii) temporal immediacy. We refrained from including specific instructions 

regarding parental pointing so as not to provoke an inflationary increase (see Study 3). By 

emphasizing the importance of infants’ gestural development and the influential role of 

parents, we sought to increase parental pointing within its natural limits. After explaining 

the key components of the training, the instructional video showed an exemplary triadic 

interaction sequence. The instructional video ended with a brief recap. To assess parents’ 

comprehension of the training, we asked them at the end of the instructional video i) 

whether their infant had specific interests ii) how the parent recognized this interest iii) 

how the parent should respond according to current training program. Any uncertainties 

were clarified and parents were emailed a link to return to the video at their convenience. 

The same email included the digital version of a protocol booklet that contained a weekly 

survey on parents’ training frequency (see supplementary material). On a scale of one to 

five, parents self-reported that they practiced the training sometimes (3) to often (4) per 

week (N = 20, M = 3.65, SD = .59).  
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Figure 10 

Study design of Study 4 

 

 

A flyer and a detailed booklet, both with written training instructions, accompanied 

the mailed protocol booklet for the training group (see supplementary material section). 

The training group further received one email between two appointments with information 

on infants’ development, training suggestions, and a reminder of the protocol booklet to 

keep parents involved in the study. The study materials are included in the supplementary 

material section. The study was conducted in accordance with the Declaration of Helsinki 

and was approved by the local ethics committee of the authors’ institution (see Appendix 

A). 

6.2.2.2 Coding and Reliability. Data were coded using Mangold Interact Lab Suite 

version 18.5.5.1. In both coding schemes, we coded the duration of data collection, infant 

fussing, and off-task activities to maintain the duration of undisturbed data collection. 

Seven coders were trained on the coding scheme for the remote decorated room. We coded 

infant index-finger pointing when the arm was extended while the index-finger was clearly 

extended from the other curled fingers with a communicative motivation (Liszkowski & 

Tomasello, 2011). Handshape was not further classified for parental pointing gestures. We 

calculated Cohen’s kappa using a tool included in the Interact software. Reliability was 

determined using a set of previously established reference codings. We defined matching 

Infant age:     7 months           8 months          9 months       10 months 

Training instruction Toys per mail 

Baseline: 
Free play & 

remote
decorated 

room

Remote 
decorated 

room

Remote 
decorated 

room

Outcome: 
Free play & 

remote
decorated 

room
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codes as two identical codes separated by a maximum of two seconds. Kappas were 

excellent for each coder for infant index-finger pointing (κ > .83) and parental pointing (κ 

> .85).  

 Four coders were trained on the coding scheme for the free play sessions. The 

coding scheme for infant and parent pointing was identical to the coding scheme for the 

remote decorated room. We coded for infant HoG gestures when the infant held an object 

in the direction of the parent, regardless of any subsequent transfer of the object (give 

gesture, see Cameron-Faulkner et al. 2015 & 2021). We coded for parental gestures 

(pointing, showing, giving and requesting) and toy activations (‘Look, you can put 

something in the box’ [putting a ring in the box]). Parental gestures and toy activations 

were coded as responsive if they addressed an object in the infant’s current focus of 

attention. In addition, we coded for responsive behavior when parents contingently 

changed their behavior (e.g., gestures, facial expressions, speech) in response to infant 

communication (gestures and vocalizations) within two seconds (Ger et al., 2018; 

Nicoladis & Barbosa, 2024; Wu & Gros-Louis, 2014). To this end, we coded infants’ 

reaching gestures (Ramenzoni & Liszkowski, 2016) and intentional vocalizations. Parental 

gestures and toy activations were classified as initiating if they addressed an object outside 

the infant’s current attentional focus, or removed an object from the infant’s attentional 

focus. Reliability was established as in the remote decorated room. Kappas were excellent 

for infant communication (κ > .78), parental responsiveness (κ > .78), and parents’ 

initiating behavior (κ > .85).  

6.2.3. Analyses 

Infant and parent gesture frequencies were calculated per minute of undisturbed 

data collection to account for the individual durations. Parental responsiveness was 

operationalized as an index ranging from -1 (fully initiative) to 1 (fully responsive). The 
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index was calculated by subtracting parents’ initiative behaviors from their responsive 

behaviors and dividing the difference by the total number of coded behaviors. We 

classified infants as pointers and HoGers when we recorded one clearly communicative 

index-finger point or HoG gesture on video. When an infant used only one pointing or 

HoG gesture, we double checked its communicative intend. 

After a brief descriptive overview of our data, we present Chi-Squared tests 

examining differences between the control and the training group in infants’ pointing and 

HoG statuses at t4. Group differences in infants’ pointing and HoG frequencies at 10 

months were assessed with independent t-tests. As control analyses, we conducted 

ANOVAs on parental behaviors to evaluate the implementation of training. For parental 

pointing in the remote decorated room, we calculated a 2 (group assignment, between 

subject) x4 (time point, within subject) ANOVA. We conducted 2 (group assignment, 

between-subject) x2 (time point, within subject) ANOVAs on parental pointing and 

responsiveness during free play.  

We used a series of regression models to identify parental behaviors that explained 

variance in infant gesture status and frequency. Separate regressions were used to model 

longitudinal and cross-sectional relationships. To predict infants’ pointing and HoG status 

at 10 months, we used binary logistic regressions with robust estimators. We used negative 

binomial regressions with robust estimators for count data to predict infant’s gesture 

frequency. We included parental responsiveness, parental pointing in the remote decorated 

room and during free play at t1 (longitudinal models) or t4 (cross-sectional models) as 

predictors. When infants’ gestural development correlated with infants’ age at t4 or 

infants’ gesture frequency at t1, we controlled for the corresponding variable. In the case of 

group differences in infants’ gestural development, we conducted further regression 

analyses to evaluate the effect of training when controlling for relevant parental behaviors. 
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Parental behaviors were considered relevant if they emerged as one-tailed significant 

longitudinal or cross-sectional predictors in the initial regression analyses. 

6.3. Results 

Table 7 

Descriptive data of Study 4 

 
Control group 

t1 t2 t3 t4 

Infants     

  Pointer 0 3 5 15 

  Pointing frequency .01 (.07) .10 (.33) .10 (.34) .39 (.80) 

  HoGler 1 - - 13 

  HoG frequency .01 (.06) - - .13 (.22) 

Parents     

  Responsiveness .36 (.40) - - .37 (.33) 

  Pointing (FP) .26 (.34)  - - .32 (.37) 

  Pointing (D) 1.33 (1.5)  1.35 (1.27) 1.44 (1.61) 1.68 (1.66) 

 

 

 

 

 

 

 

 

 

 

 

 

Note. Behavioral means with standard deviations in parentheses, FP = free play, D = 

remote decorated room.  

 Intervention group 

t1 t2 t3 t4 

Infants     

  Pointer 1 5 8 18 

  Pointing frequency .04 (.19) .13 (.52) .09 (.38) .40 (1.32) 

  HoGler 1 - - 24 

  HoG frequency .01 (.09) - - .32 (.55) 

Parents     

  Responsiveness .34 (.41) - - .55 (.27) 

  Pointing (FP) .18 (.23)  - - .33 (.39)  

  Pointing (D) 1.20 (1.55) 1.99 (1.83) 2.36 (1.90) 2.40 (2.06)  
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Descriptive data on infant and parent behavior in the training and the control group 

are presented in Table 7. Forty percent of all infants were index-finger pointers at 10 

months, and infants’ pointing frequency in the remote decorated room ranged from 1 to 41. 

Forty-five percent of all infants used HoG gestures during free play at 10 months and their 

frequency ranged from one to fourteen. Infants’ pointing and HoG status, χ2(1) = .02, p = 

.896, and pointing and HoG frequencies were not related at t4, Spearmans ρ  = .03, p = 

.822. 

6.3.1. Differences between groups  

6.3.1.1. Infant index-finger pointing. One infant pointed already at t1 and was 

therefore excluded from the following Chi-Squared test. The difference between infants’ 

pointing status in the training and control group at t4 was not significant, χ2(1) = .08, p = 

.782 (see Figure 11). The difference in infants’ pointing frequency between groups at t4 

was not significant, t(79) = -.02, p = .988.  

6.3.1.2. Infant HoG gestures. Two infants used HoG gestures during free play at 

t1 and were excluded from the following Chi-Squared test. The difference in infants’ HoG 

status between groups at t4 was significant, χ2(1) = 4.74, p = .029. The difference in 

infants’ HoG frequency between groups at t4 was significant (see Figure 12), t(54.69) = -

2.08, p = .043. 
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Figure 11 

Infants’ gesture statuses in Study 4 

 

Note. Infants who used HoG or pointing gestures at t1 are not included in the figure. 

 

Figure 12 

Infants’ HoG frequency in Study 4 
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6.3.1.3. Parental behaviors. The following analyses assessed whether training 

produced differences in parental responsiveness and pointing during free play and parental 

pointing in the remote decorated room.  

The 2x2 ANOVA on parental responsiveness revealed no main effect of group, 

F(1,77) = 1.79, p = .185, a main effect of time point, F(1,77) = 4.48, p = .037, η²p = .06, 

and a significant interaction, F(1,77) = 5.56, p = .021. η²p = .07. Parental responsiveness 

did not differ between groups at t1, F(1,77) = .13, p = .723. Parents in the intervention 

group were more responsive than parents in the control group at t4, F(1,77) = 9.40, p = 

.003, η²p = .11. 

The 2x2 ANOVA on parents’ pointing frequency during free play revealed no main 

effect of group, F(1,80) = .52, p = .516, a main effect of time point, F(1,80) = 4.98, p = 

.028, η²p = .06, and no significant interaction, F(1,80) = .67, p = .417. Parents’ pointing 

frequency during free play was not affected by training. 

The 2x4 ANOVA on parents’ pointing frequency in the remote decorated room 

revealed a one-tailed significant effect of group, F(1,74) = 3.00, p = .044, η²p = .04, a main 

effect of time point, F(3,222) = 7.26, p < .001, η²p = .09, and a significant interaction, 

F(1,222) = 3.64, p = .014, η²p = .05. Pairwise comparisons indicated that parents in the 

training group pointed equally frequent compared to parents in the control group at t1, 

F(1,74) = .19, p = .668. After training, parents in the intervention group tended to use more 

pointing gestures than parents in the control group, t2: F(1,74) = 3.96, p = .050, η²p = .05, 

t3: F(1,74) = 4.66, p = .034, η²p = .06, t4: F(1,74) = 3.37, p = .071, η²p = .04.  

6.3.2. Predicting infants’ gestural development 

Multicollinearity diagnostics revealed no confounding effect of cross-sectional 

correlations between parental behaviors, infant age, or group assignment at t1 (VIFs < 
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1.11) or t4 (VIFs < 1.20). Statistical details of all following regression analyses conducted 

are presented in the supplementary material section (Table SM.7 – Table SM.10). 

6.3.2.1. Infant index-finger pointing. One infant pointed at t1 and was excluded 

from the regression analyses of infant pointing status. Infants’ pointing development did 

not differ between the training and control group. Infants’ age at t4 did not correlate with 

infant pointing status, r = .12, p = .288, or frequency, Spearmans ρ = .14, p = .207. Infant 

gestures at t1 did not correlate with infants’ pointing status, r = .00, p = .990, or frequency, 

Spearmans ρ = .05, p = .654. Thus, the following models included parental responsiveness, 

parental pointing in the remote decorated room, and parental pointing during free play as 

predictors.  

The longitudinal regression model predicting infants’ pointing status at t4 was 

significant, χ2(3) =  10.30, p = .016 (see Table SM.7). Parental pointing in the remote 

decorated room at t1 tended to be negatively associated with infant pointing status, χ2(1) = 

2.53, p = .060. Parental pointing during free play at t1 was positively associated with 

infant pointing status, χ2(1) = 4.54, p = .033. The cross-sectional regression model 

predicting infants’ pointing status at t4 was not significant, χ2(3) =  .19, p = .979 (see Table 

SM.7). No predictor reached one tailed-significance. 

The model for longitudinal predictions of infants’ pointing frequency at 10 months 

in the remote decorated room was not significant, χ2(3) = 5.34, p = .147 (see Table SM.8). 

Parental pointing during free play at t1 was positively associated with infants’ pointing 

frequency, χ2(1) = 4.89, p = .027. The model of cross-sectional predictions on infants’ 

pointing frequency at 10 months was not significant, χ2(3) = 3.01, p = .390 (see Table 

SM.8). Parental pointing during free play at t4 emerged as a one-tailed significant 

predictor, χ2(1) = 2.99, p = .042. 
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6.3.2.2. Infant HoG gestures. Two infants used HoG gestures at t1 and were 

excluded from the regression analysis of infants’ HoG status. Infants’ HoG status and 

frequency differed between the training and the control group. Infants’ HoG status at t4 

correlated one-tailed with infant age at t4, r = .19, p = .043, but not with infant gestures at 

t1, r = .17, p = .136. Infants’ HoG frequency did neither correlate with infant age at t4, 

Spearmans ρ = .17, p = .118, nor with infants’ gesture frequency at t1, Spearmans ρ = .062, 

p = .580. The following regression analyses included parental responsiveness, parental 

pointing in the remote decorated room, and parental pointing during free play as predictors. 

When predicting infants’ HoG status, we additionally controlled for infants’ age at t4.  

The longitudinal model of infants’ HoG status at 10 months was not significant, 

χ2(4) =  5.05, p = .282 (see Table SM.9). No predictor reached one tailed-significance. The 

cross-sectional model of infants’ HoG status was significant, χ2(4) =  12.18, p = .016 (see 

Table SM.9). Parental responsiveness at t4 emerged as a significant predictor, χ2(1) =  5.87, 

p = .015. When assessing the predictive value of group assignment on infants’ HoG status, 

we thus needed to control for parental responsiveness at t4. 

The longitudinal model of infants’ HoG frequency at 10 months was significant, 

χ2(3) =  8.88, p = .013 (see Table SM.10). Parental pointing during free play at t1 was 

positively related to infants’ HoG frequency at 10 months, χ2(1) = 7.13, p = .008. The 

cross-sectional model of infants’ HoG frequency was significant, χ2(3) = 24.14, p <.001 

(see Table SM.10). Parental responsiveness at t4 was a significant predictor of infants’ 

HoG frequency, χ2(1) = 19.81, p < .001. Parental pointing in the remote decorated room at 

t4 was negatively related to infants’ HoG frequency, χ2(1) = 7.65, p = .006.  

To assess the predictive value of group assignment on infants’ HoG status, we 

controlled for parental responsiveness at t4. The model was significant, χ2(2) = 8.87, p = 

.012. Group assignment and parental responsiveness at t4 emerged as one-tailed significant 
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predictors of infants’ HoG status at 10 months (see Table 8). In assessing the predictive 

value of group assignment on infants’ HoG frequency, we controlled for parental pointing 

during free play at t1, parental responsiveness at t4, and parental pointing in the remote 

decorated room at t4. The model was significant, χ2(4) = 15.62, p = .004. All included 

variables contributed significantly to explaining the variance in infants’ HoG frequency at 

10 months. 

 

Table 8 

Regression analyses in Study 4 

 
B (SE) Exp(B) 

95% CI,  Exp (B) 

p 
LL UL 
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 Group assignment 

   0 = control group  
-.86 (.49) .42 .16 1.10 .077 

Parent responsiveness (t4) 1.60 (.87) 4.96 .91 27.09 .064 

Intercept -.63 (.57) .54 .18 1.63 .271 

Goodness of fit               deviance = 77.56             df = 59               value/df = 1.31 
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o
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Group assignment 

   0 = control group  
-.78 (.36) .46 .29 .93 .031 

Parent pointing (FP, t1) 1.01 (.51) 2.76 1.02 7.41 .045 

Parent responsiveness (t4) 1.79 (.54) 5.98 2.05 17.41 .001 

Parent pointing (D, t4) -.24 (.10) .79 .65 .95 .015 

Intercept -.43 (.41) .65 .29 1.46 .299 

Goodness of fit                deviance = 115.94             df = 74            value/df = 1.54 

Note. FP = free play, D = remote decorated room, B = regression coefficient with standard 

errors (SE) in parentheses, Exp(B) = exponentiated regression coefficient, CI = confidence 

interval, LL= lower limit, UL= upper limit, scale = 1, p-values are reported two-tailed. 
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6.4. Discussion 

The current study examined the influence of parental pointing and responsiveness 

on infants’ deictic gesture development in the context of training. Three main findings are 

provided. First, three months of a training program targeting parental responsiveness 

promoted infants’ typical HoG development in terms of gesture status and frequency. The 

training did not affect the early pointing development in 10-month-old infants. Second, 

parental pointing during free play with their 7-month-old infants predicted infants’ 

pointing status as well as pointing and HoG frequency at 10 months. Third, parental 

responsiveness was cross-sectionally related to infants’ HoG status and frequency.  

Contrary to our hypotheses, parental responsiveness was not a relevant predictor of 

infants’ early index-finger pointing status and frequency. Given that infants were seven 

months old at t1, we extended the concept of responsiveness to include parental reactions 

to infants’ exploratory behavior. Thus, the constructed variable may include parental 

behaviors that are less relevant to infants’ pointing development. However, research found 

that parental responses to infants’ object exploration promoted infants’ communicative 

development (Suarez-Rivera et al., 2022; Tamis-LeMonda et al., 2013). Given the reported 

cross-sectional association between parental responsiveness and infants’ HoG 

development, both measured during free play, it could be argued that the effects of parental 

responsiveness are only evident in direct relation to infants’ gestures. Namely, when being 

measured within the same interaction sequence as infant gestures (Kaletsch & Liszkowski, 

under review (Study 2); Miller & Lossia, 2013). Nevertheless, research provided evidence 

for a longitudinal and causal relationship between parental responsiveness and infant 

pointing (Cameron-Faulkner et al., 2015; Ger et al., 2018; Study 3). In contrast to the 

current study, previous research measured infants’ pointing frequency at 12 months, when 

infants gained some experience with their own pointing. Therefore, it is conceivable that 
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the facilitative effect of parental responsiveness on infant pointing unfolds around 11 

months of age, when pointing typically emerges. In line with the social constructivist 

account, this age may represent the developmental stage at which infants are cognitively 

equipped to efficiently transfer parental input to their own pointing skills.  

Learning from direct observations of parental pointing gestures is a relatively 

straightforward process and appears to be accessible from an early age. Specifically, as 

soon as parents begin to point for their infants, their pointing frequency is predictive of 

infants’ early pointing status and frequency at 10 months (see also Rüther & Liszkowski, 

2023). However, this relationship was only evident when parental pointing was measured 

during free play and not in the remote decorated room. Parental pointing during free play 

corresponds more directly to parents’ pointing in everyday interactions with their infants 

and thus more accurately models the relationship of parent and infant pointing. The remote 

decorated room overestimates the natural frequency of parental pointing, making it a less 

appropriate paradigm for evaluations of the relation between parent and infant pointing. 

Furthermore, because infants easily lose interest in digital stimuli, parental pointing in the 

remote decorated room is disproportionately often aimed at redirecting infants’ attention to 

the screen. Consequently, the frequency of parental pointing in the remote decorated room 

may reflect parents’ tendency to direct infants’ attention (see Study 3). Tomasello and 

Farrar (1986) argue that this directiveness complicates the establishment of joint attention 

and explains the predominantly negative patterns in relation to infants’ gestural 

development (Garner & Landry, 1994; Legerstee et al., 2002). The difference between 

parental pointing in the remote decorated room and during free play is supported by the 

cross-sectional findings of the current study. Parental pointing during free play at ten 

months tended to be concurrently related to infants’ pointing frequency, whereas we found 

no cross-sectional relationship between infant pointing and parent pointing in the remote 
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decorated room. It is conceivable that cross-sectional relations with parents’ natural 

pointing become more apparent once infants acquired some experience with pointing a few 

months later (Liszkowski & Tomasello, 2011; Liszkowski et al., 2012; Matthews et al., 

2012; Rowe & Leech, 2019).  

In summary, infants’ early pointing development at 10 months is predicted by 

parental pointing during free play, but not by parental responsiveness or parental pointing 

in the remote decorated room. With regard to increased parental responsiveness in the 

training group, we would expect promoting effects on infants’ pointing development at 11 

and 12 months, which were not addressed in the current study. Parental pointing during 

free play was not affected by training, which is consistent with the findings of Matthews et 

al. (2012), who reported no training effects on parental pointing when observed during free 

play sessions. Considering that infants’ pointing development at 10 months was predicted 

solely by parental pointing during free play, no training effects were to be expected. We 

concluded that the insufficient transfer of increased parental pointing from specific 

contexts to everyday interactions in the training group and the early stage of infants’ 

pointing development at 10 months accounted for the absence of training effects on 

infants’ early pointing development.  

Consistent with our hypotheses, infants’ HoG development was influenced by 

similar social learning mechanisms as infants’ pointing, providing evidence for the 

proximity of the two gestures. 10-month-old infants were more likely to use HoG gestures 

and used them more frequently when their parents were more responsive at t4. The positive 

relationship between infants’ HoG frequency and parents’ concurrent responsiveness 

highlights the communicative motive of infants’ HoG gestures. Moreover, this relationship 

supports the proposal that the facilitative effect of parental responsiveness on infants’ 

development manifests itself at specific junctures. We found no relationship between 
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parental responsiveness at seven months and infants’ subsequent HoG development, 

suggesting that the effect of parental responsiveness on infants’ HoG development 

becomes evident between eight and ten months of age. Another interpretation of the 

concurrent findings between infants’ HoG development and parental responsiveness is that 

there are isolated immediate adaptations of infant behavior to parental responsiveness (see 

Kaletsch & Liszkowski, under review (Study 2)). However, it is unlikely that the 

emergence of infants’ HoG gesture (HoG status) is significantly influenced by direct 

adaptation processes. We assume that parental responsiveness facilitated infants’ HoG 

development over the course of the study, not exclusively at t4. This assumption is 

discussed in relation to training effects in the next section.  

In addition to parental responsiveness, parental pointing during free play at t1 

predicted infants’ HoG frequency, whereas parental pointing in the remote decorated room 

was a negative predictor. This pattern of results supports the proposal that parental pointing 

in the remote decorated room reflects the directiveness of parents, which, if anything, is 

negatively related to infants’ communicative development. The positive longitudinal 

relationship between parental pointing during free play and infants’ HoG frequency 

supports extended imitation accounts. Infants’ do not simply mimic their parents’ pointing 

gestures, but rather learn about the communicative and referential function of gestures in 

general. Infants then transfer this knowledge to the currently available form of their own 

gestures, regardless of their particular form (HoG vs. pointing gesture).  

Ten-month-old infants in the training group were more likely to use HoG gestures 

and did so with a higher frequency than infants in the control group. The training effect on 

infants’ HoG status was not significant when controlling for parental responsiveness at t4. 

As mentioned above, we assume that the majority of infants did not suddenly begin to use 

HoG gestures during the five-minute observation period in reaction to increased parental 
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responsiveness. The results on infants’ HoG frequency provided evidence that the 

promoting effect of training persisted when controlling for relevant longitudinal and cross-

sectional relationships between infant and parent behavior. We conclude, that parental 

responsiveness training is an effective way to promote infants’ HoG status and frequency. 

This effect could potentially be enhanced if training successfully increases parents’ natural 

pointing routines. 

 In addition to the lack of a training effect on parental pointing during free play, 

there are other limitations to this study. Our sample was recruited from a self-selected 

database and accordingly lacked diversity in terms of socioeconomic background. Parental 

responsiveness is positively correlated socioeconomic status (Vanormelingen & Gillis, 

2016). By diversifying the sample, and thus the baseline responsiveness of parents, training 

effects would presumably be more pronounced. Approximately half of the parents in the 

training group returned the protocol booklet, not allowing to draw firm conclusions about 

the implementation of the daily 15-minute training sessions at home. Due to limited 

resources, the number of participants and data collection points were restricted. It is 

conceivable that small effects of parental responsiveness on infants’ early pointing would 

have been revealed in a larger sample. Further, an extension of the study by two months 

would have been promising to collect additional data on 11- and 12-month old infants’ 

pointing development. Future studies may address this issue along with investigating the 

long-term effects of parent-based interventions. We are currently collecting data from this 

sample on infants’ language development at 24 months to assess further effects of training 

and to replicate findings on the predictive relationship between infants’ deictic gestures 

and subsequent language development. 

 In conclusion, the current study provided evidence that parents’ natural pointing 

frequency predicts infants’ early pointing and typical HoG development. Natural 
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observations are particularly well suited to investigate this relationship, as they are the best 

proxy for parents’ daily pointing routines. The facilitative effect of parental responsiveness 

on infants’ deictic gestures became apparent at the time when a particular gesture type 

typically emerges, not in its early stages. Training parental responsiveness for their 7-

month-old infants promoted infants’ HoG development at 10 months, demonstrating the 

causal relationship between parent and infant behavior. The possibility of using parental 

responsiveness training to promote infants’ gesture and language development was thus 

extended from index-finger pointing to HoG gestures. 
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6.5. Supplementary material of Study 4 

Table SM.6  

Power analysis 

χ² tests - Goodness-of-fit tests: Contingency tables 

Analysis: A priori: Compute required sample size 

Input: Effect size w = .315 

 α err prob = .05 

 Power (1-β err prob) = .8 

 Df = 1 

Output: Noncentrality parameter λ = 7.94 

 Critical χ² = 4.84 

 Total sample size = 80 

 Actual power = .80 

Note. The power analysis was calculated with G*Power 3.1.9. 
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Weekly training protocol 
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Flyer for the training group 
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Booklet for the training group
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Table SM.7  

Regression models on infants’ pointing status 

 

B (SE) Exp(B) 
95% CI,  Exp 

(B) p 

LL UL 

P
o
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s,
 N

 =
 7

9
, 
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n
g
it

u
d
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al
 

Parental responsiveness (t1) .59 (.71) 1.80 .45 7.17 .408 

Parental pointing (D, t1) -.36 (.19) .70 .48 1.01 .060 

Parental pointing (FP, t1) 1.88 (.88) 6.57 1.16 37.11 .033 

Intercept -.63 (.41) .53 .24 1.18 .120 

Goodness of fit                     deviance = 92.76           df = 74           value/df = 

1.25 

P
o
in

ti
n
g
 s
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tu

s,
 N

 =
 7

9
, 

cr
o
ss

-s
ec
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o
n
al

 

Parental responsiveness (t4) .14 (.79) 1.15 .25 5.42 .858 

Parental pointing (D, t4) -.05 (.13) .95 .74 1.23 .704 

Parental pointing (FP, t4) .15 (.66) 1.16 .32 4.26 .822 

Intercept -.50 (.50) .61 .23 1.60 .311 

Goodness of fit                  deviance = 101.94          df = 74            value/df = 

1.25 

Note. FP = free play, D = remote decorated room, B = regression coefficient with standard 

errors (SE) in parentheses, Exp(B) = exponentiated regression coefficient, CI = confidence 

interval, LL= lower limit, UL= upper limit, scale = 1, p-values are reported two-tailed. 
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Table SM.8 

Regression models on infants’ pointing frequency 

 B (SE) Exp(B) 
95% CI,  Exp (B) 

p 
LL UL 

P
o
in

ti
n
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cy
, 

 N
 =

 7
9

, 
lo

n
g
it

u
d
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al
 Parental responsiveness (t1) -.19 (.72) .83 .20 3.39 .790 

Parental pointing (D, t1) .04 (.16) 1.04 .76 1.43 .793 

Parental pointing (FP, t1) 2.59 (1.17) 13.29 1.34 131.49 .027 

Intercept -.08 (.46) .92 .38 2.26 .857 

Goodness of fit                deviance = 57.00              df = 74               value/df = .77 

P
o
in

ti
n
g
 f

re
q
u
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cy
, 

 

N
 =

 8
0
, 
cr
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o
n
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 Parental responsiveness (t4) .22 (.71) 1.25 .31 5.02 .756 

Parental pointing (D, t4) -.13 (.12) .88 .69 1.11 .270 

Parental pointing (FP, t4) 1.20 (.69)  3.32 .85 12.93 .084 

Intercept .33 (.49) 1.39 .53 3.60 .502 

Goodness of fit                deviance = 57.28            df = 75               value/df = .76 

Note. FP = free play, D = remote decorated room, B = regression coefficient with standard 

errors (SE) in parentheses, Exp(B) = exponentiated regression coefficient, CI = confidence 

interval, LL= lower limit, UL= upper limit, scale = 1, p-values are reported two-tailed. 
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Table SM.9  

Regression models on infants’ HoG status 

 B (SE) Exp(B) 
95% CI, Exp (B) 

p 
LL UL 

H
o
G

 s
ta
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s,

 N
=

 7
8
, 

lo
n
g
it
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Parental responsiveness (t1) -.34 (.57) .71 .23 2.19 .556 

Parental pointing (D, t1) -.04 (.16) .96 .70 1.30 .786 

Parental pointing (FP, t1) 1.43 (1.01) 4.16 .57 30.15 .158 

Infant age (t4) 1.04 (.79) 2.82 .60 13.25 .188 

Intercept -11.43 (8.23) < .001 .00 119.80 .168 

Goodness of fit               deviance = 101.23             df = 73             value/df = 1.39 

H
o
G

 s
ta

tu
s,

 N
 =
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9
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cr
o
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-s
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o
n
al

 

Parental responsiveness (t4) 2.23 (.92) 9.34 1.53 56.96 .015 

Parental pointing (D, t4) -.22 (.14) .80 .60 1.06 .119 

Parental pointing (FP, t4) .48 (.66) 1.61 .44 5.91 .474 

Infant age (t4) 1.27 (.82) 3.56 .71 17.98 .124 

Intercept -14.32 (.8.68) <.001 .00 14.75 .099 

Goodness of fit                deviance = 96.31             df = 74            value/df = 1.30 

Note. FP = free play, D = remote decorated room, B = regression coefficient with standard 

errors (SE) in parentheses, Exp(B) = exponentiated regression coefficient, CI = confidence 

interval, LL= lower limit, UL= upper limit, scale = 1, p-values are reported two-tailed. 
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Table SM.10 

Regression models on HoG frequency 

 B (SE) Exp(B) 
95% CI,  Exp (B) 

p 
LL UL 

H
o
G

 f
re
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, 
N

=
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9
, 
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Parental responsiveness (t1) -.55 (.48) .58 .24 1.48 .254 

Parental pointing (D, t1) -.14 (.13) .87 .68 1.11 .252 

Parental pointing (FP, t1) 2.13 (.80) 8.37 1.76 39.81 .008 

Intercept -.12 (.32) 1.03 .55 1.91 .935 

Goodness of fit             deviance = 67.91               df = 74               value/df = .92 

H
o
G

 f
re
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cy

, 
N

 =
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0
, 
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n
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Parental responsiveness (t4) 2.06 (.58) 7.82 2.52 24.21 <.001 

Parental pointing (D, t4) -.32 (.12) .72 .57 .92 .009 

Parental pointing (FP, t4) .54 (.42) 1.71 .75 3.93 .204 

Intercept -.37 (.45) .69 .29 1.67 .412 

Goodness of fit              deviance = 114.81             df = 74            value/df = 1.55 

Note. FP = free play, D = remote decorated room, B = regression coefficient with standard 

errors (SE) in parentheses, Exp(B) = exponentiated regression coefficient, CI = confidence 

interval, LL= lower limit, UL= upper limit, scale = 1, p-values are reported two-tailed. 
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7. General Discussion 

Human infants are born with an innate social motivation and engage in dyadic 

social interaction from birth onward. Prior to their first birthday, infants utilize 

communicative gestures, particularly pointing and HoG gestures, to intentionally share 

their interest and attention in external entities. These early referential abilities serve as a 

foundation for and predict the subsequent acquisition of the uniquely human language 

system. Investigating the social learning mechanisms that facilitate the transition from 

dyadic to triadic and referential interaction provides critical insights into foundational 

aspects of human communication development.  

In this dissertation, I applied novel remote paradigms to examine cross-sectional 

and longitudinal relations between infants’ gestural development and parental behaviors.  

By considering parental responsiveness and parental pointing concurrently, I compared 

two social learning processes frequently discussed in the literature. In addition to cross-

sectional and longitudinal observations, the effect of training parental responsiveness and 

pointing was assessed using different study designs.  

The results indicated that, from the time a gesture typically emerges, parental 

responsiveness is cross-sectionally, longitudinally, and causally related to infants’ deictic 

gestures. When measured during free play, parental pointing is additionally predictive for 

infants’ deictic gesture development. These findings prove the causal relation between 

parental responsiveness and pointing and infants’ gesture development. Moreover, the 

results confirm the importance of this link for early parent-based communication 

interventions. Taken together, the findings of this dissertation support the hypothesis that 

the development of infant deictic gestures, as intentional, communicative and referential 

acts, is influenced by parental behaviors.  
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In the following section, I present a summary of the results and discuss them in the 

context of current research. I outline a coherent developmental trajectory of infants’ deictic 

gesture development, along with an examination of the limitations of the studies presented. 

Finally, directions for future research are proposed.  

7.1. Summary of the findings 

The primary findings of Study 1 - 4 are summarized in Table 9. In the initial study, 

we developed a remote paradigm to investigate infant pointing. The results revealed that 

the number of 12-month-old infant pointers and their pointing frequency achieved the 

targeted benchmarks from the original decorated room (Liszkowski & Tomasello, 2011). 

Notably, the social context was preserved as parental responsiveness and pointing were 

comparable to the original set-up. While infant pointing was found to be cross-sectionally 

related to parental responsiveness, no relation was observed between infant and parent 

pointing. In addition to establishing a reliable remote paradigm, Study 1 provided evidence 

for the relation between infant pointing and parental responsiveness.  

In Study 2, we addressed the question of directionality of the relationship between 

infant pointing, parental responsiveness, and parental pointing. The findings consistently 

extended the correlational results of Study 1. Infants’ promptly adapted their pointing 

frequency to experimentally increased parental responsiveness, with no discernible effect 

of changes in parents’ pointing frequency. This pattern of results provided evidence for the 

causal influence of parental responsiveness on infants’ pointing frequency.  

The first longitudinal study of this dissertation investigated the influence of parental 

responsiveness and pointing on infants’ pointing frequency over the course of one month. 

The results contributed to those of Studies 1 and 2, indicating that parental responses to 

infants’ pointing at 12 months were predictive of infants’ pointing frequency one month 

later. Moreover, 13-month-old infants pointed more frequently when their parents 
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participated in a parent-based training targeting parental responsiveness and parental 

pointing compared to infants in the control group. This effect remained evident when 

controlling for confounding infant- and parent-level variables. We concluded that parental 

responsiveness is a primary candidate to promote infants’ pointing frequency in 

longitudinal parent-based communication interventions. 

In Study 4, we examined the influence of parental responsiveness and pointing on 

infants’ deictic gesture development from seven months onward. The results revealed that 

parental responsiveness at 10 months was cross-sectionally related to infant HoG gestures, 

not to infant pointing. When parents begin to point for their infants at around 7 months of 

age, their pointing frequency predicted infants’ pointing and HoG development at 10 

months when being measured during free play. We found no relation between infants’ 

gesture development and parental pointing in the remote decorated room. The training 

program designed to enhance parental responsiveness and pointing did not affect infants’ 

early pointing development, but it promoted infants’ HoG development. We concluded that 

the facilitating effect of parental responsiveness on infants’ gesture development, also in 

the context of training, becomes evident when infants have acquired some practice with a 

specific gesture type. The findings indicated that the absence of correlations between infant 

and parent pointing in Studies 1-3 may be due to methodological constraints of the remote 

decorated room.  
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Table 9 

Main findings of the empirical studies 

 Research questions and main findings 

Study 1 

Does the novel online remote paradigm elicit spontaneous infant pointing 

while preserving natural infant-parent interaction? 

Yes. The ‘remote decorated room’ elicited spontaneous pointing in 12-month-

old infants and their parents and preserved a natural interaction context. 

Study 2 

Do infants immediately adapt their pointing frequency to experimentally 

manipulated parental responsiveness and parental pointing? 

Yes. Twelve-month-old infants immediately adapted their pointing frequency 

to experimentally increased parental responsiveness, but not to changes in the 

frequency of parental pointing.  

Study 3 

Does a training targeting parental responsiveness and pointing affect infants’ 

pointing frequency? 

Yes. Infants pointed significantly more at 13 months when their parents 

participated in a training targeting parental responsiveness and pointing. 

Study 4 

Do parental responsiveness and pointing influence infants’ early pointing 

status and frequency? 

Yes. Infants’ early pointing development at 10 months was predicted by 

parental pointing during free play at seven months.  

Do parental responsiveness and pointing influence infants’ HoG status and 

frequency? 

Yes. Infants’ HoG development at 10 months was predicted by parental 

responsiveness and pointing. 

Does a training targeting parental responsiveness affect infants’ early 

pointing and HoG development? 

Yes. Infants’ HoG development at 10 months was promoted by training 

parental responsiveness from seven months onward. Infants’ early pointing 

development was not affected by training. 
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7.2. Integration of the findings 

The findings of this dissertation highlight the importance of parental responsiveness 

in the development of deictic gestures. Existing correlational findings on the positive 

relationship between parental responsiveness and infants’ communication development are 

supported by the results of Study 1 and extended in the three subsequent studies. Studies 2-

4 provided cross-sectional and longitudinal evidence for the causal facilitative influence of 

parental responsiveness on infants’ gesture frequency. In short, infants use more gestures 

when their parents are more responsive. Two main conclusions can be drawn from these 

findings. First, from at least 10 months of age, infants gesture with communicative 

intentions and in expectation of contingent parental responses. In terms of theoretical 

accounts, this proposition challenges social shaping accounts, which assume that infant 

gestures are initially non-communicative behaviors (Carpendale & Carpendale, 2010). 

Second, interindividual variance in infant gesture frequency is partially explained by 

differences in parental responsiveness. With regard to theoretical perspectives on infants’ 

gesture development, this proposal questions spontaneous onset accounts, which propose 

that the development of infant gestures relies exclusively on infant intrinsic factors 

(Butterworth, 2003). In support of a social constructivist perspective (Liszkowski & 

Rüther, 2021), I conclude from the current findings that parental responsiveness influences 

infants’ communicative development from early on. Specifically, the facilitating effect of 

parental responsiveness on certain gesture types becomes apparent around the typical age 

of their emergence, suggesting that only then are infants cognitively prepared to transfer 

their social experiences to their own execution of a gesture.  

Regarding the predictive value of infants’ deictic gesture frequency for subsequent 

language development, parental responsiveness is identified as a promising target for early 

parent-based communication interventions. This suggestion is supported by Studies 3 and 
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4, which report the promoting effect of parental responsiveness training on infants’ gesture 

frequency at 10 and 13 months of age. The results of the training studies further suggest, 

that the facilitating effect of parental responsiveness on specific gesture types becomes 

evident around their typical age of emergence.  

Furthermore, I hypothesize that infants’ cognitive readiness for gestural reference is 

also influenced by interaction experiences. This idea is supported by the results of Study 4. 

At seven months of age, infants show little behavior that indicates an ability to refer to 

external entities. Nevertheless, experiences with parents’ referential gestures at this early 

age, predicted infants’ subsequent gesture development. I propose, that infants learn about 

the referential nature of gestures and consequently reach a level of cognitive readiness to 

use gestures themselves, by observing their parents’ gestural communication. This social 

learning mechanism, as opposed to mere mimicry of parental gestures, is supported by the 

finding that parental pointing gestures are not exclusively predictive of infants’ pointing 

gestures, but also of infants’ HoG development. Furthermore, infants’ advanced point 

following abilities are predicted by parental pointing, indicating that infants learn 

referential complexities by experiencing parental gestures (Rüther & Liszkowski, 2020). 

Whether parental pointing continues to be an influential factor in infant gestures over the 

course of development remains to be investigated. I interpret the absence of a relationship 

between infant gestures and parental pointing in the remote decorated room, as a 

methodological limitation rather than evidence for the absence of a relationship between 

infant and parental pointing. In general, the discrepancy between the results in the remote 

decorated room and during free play adds to the mixed findings regarding the relationship 

between infant and parental pointing in the literature (Ger et al., 2023; Rüther & 

Liszkowski, 2023) and definitely calls for further research.   
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 The findings of this dissertation suggest that differences in parental responsiveness 

and parental pointing frequency contribute to the variability in infants’ deictic gesture 

development. Particularly parental responsiveness is highlighted as a promising lever to 

support infants’ prelinguistic communication. In the following section, I discuss general 

limitations of the current studies and directions for future research.  

7.3. Limitations and future directions 

The studies presented in this dissertation are subject to certain limitations. While 

the specific limitations of each study are discussed in the previous chapters, in this section 

I elaborate on limitations concerning all four studies. In general, larger sample sizes would 

improve the validity of the results, particularly with regard to Studies 2 and 4. 

Furthermore, the self-selected samples were predominantly composed of individuals from 

high socioeconomic backgrounds. Maternal education (McGillion et al., 2017) and 

socioeconomic background (Rowe & Goldin-Meadow, 2009) predict infants’ gesture 

development. This relationship is possibly mediated by the correlation of socioeconomic 

status and maternal responsiveness (Vanormelingen & Gillis, 2016). On the one hand, the 

high socioeconomic status of the samples in this dissertation led to parents’ high baseline 

responsiveness, which possibly resulted in an underestimation of the experimental effects. 

On the other hand, a low socioeconomic status has been linked to reduced engagement and 

a higher attrition rate in intervention studies (Chacko et al., 2016), which possibly led to an 

overestimation of training effects in the current samples.  

The majority of the participants were from WEIRD (Western, Educated, 

Industrialized, Rich, Democratic) cultural contexts, raising concerns about the 

generalizability of the findings. Mastin and Vogt (2016) for instance reported that in a 

Mozambican sample, the time spent in triadic joint attention was positively related to 

language outcomes in urban infants, whereas language skills in rural infants benefited from 
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dyadic interactions. While infants across cultural backgrounds acquire deictic gestures 

(Blake et al., 2005; Salomo & Liszkowski, 2013), the role of the social environment in 

their development may vary depending on the cultural context (Vogt et al., 2020). 

Consequently, future research should strive to collect data from diversified samples 

including a wider range of socioeconomic and cultural contexts. 

In addition to the potential biases associated with socioeconomic status and cultural 

contexts, the observational set-up may have increased parents’ tendency to show favorable 

behavior (Gardner, 2000). To mitigate this effect, we kept the settings as naturalistic as 

possible, instructed parents to behave as naturally as possible and deactivated videos of the 

experimenter. Remote data collection in the dyads’ homes further promoted natural 

interaction in contrast to laboratory assessments. However, while infants in the current 

studies may not have been aware of the observational context, parents certainly were. It is 

particularly relevant to be aware that experimental observations are only an approximation 

of everyday interaction with regard to parental training implementation. The general issue 

can be addressed by employing extended home observations. This approach allows for the 

examination of a wider range of interactional settings and more closely approximates 

infants’ everyday interactional experiences. Moreover, parents may not maintain an 

artificial form of interaction over a longer period of time. Disadvantages of home visits are 

that they are time consuming and the amount of video material requires a high coding 

effort. In addition, the lack of a specific interaction frame and instructions increases the 

likelihood of observing an insufficient amount of the behavior under investigation.  

By choosing the remote decorated room paradigm, we observed a variety of 

relevant infant and parent behaviors. However, in direct comparison to the free play 

sessions in Study 4, a specific methodological issue was revealed, that raises questions 

about the generalizability of some of the findings in the current dissertation. Rather than 
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approximating parents’ natural pointing frequency, the remote decorated room may reflect 

parents’ willingness to redirect infants’ focus on the task. In the absence of time and 

personnel constraints, some adjustments to the current study designs are reasonable. First, 

the inclusion of free play observations in all studies, may have resulted in the consistent 

emergence of parental pointing as a significant predictor for infants’ pointing frequency. 

Second and pertinent to future studies employing the remote decorated room, it appears 

necessary to separately code for parental pointing gestures within sequences of shared 

attention to the screen and parental pointing to redirect infants’ focus of attention.  

Conceptually, parental responsiveness and pointing were considered as distinct 

constructs in this dissertation. However, parental responses to infant communication can 

include a parental pointing gesture. These responsive points are positively related to 

infants’ pointing frequency (Kaletsch & Liszkowski, 2024; Kishimoto, 2017; Liszkowski 

et al., 2012). The salience of a parental response is increased when it is conveyed through 

different modalities, making responsive points a particularly prominent form of 

responsiveness. In contrast, the precise motive of parental pointing may be less relevant for 

direct imitation accounts. In investigating the role of parental pointing, future research 

might distinguish between points that address entities outside the infant’s current focus of 

attention (redirecting), points that refer to entities within infant’s focus and parental points 

in response to infant communication.  

With regard to confounding variables, the current studies did not assess infant-level 

factors that influence infants’ gesture development in interaction with the social 

environment (Rüther & Liszkowski, 2020; Wang et al., 2014). In addition, unaddressed 

parent-factors may influence the development of gestures (e.g., parent personality). While 

investigating increased parental responsiveness and pointing, effects of training on non-

targeted parental behavior were possibly overlooked. To determine whether training effects 



PARENTAL INFLUENCE ON THE DEVELOPMENT OF GESTURES 127 

 
 

are based on a general increase in parent-infant interaction during the training period, the 

inclusion of an active control group is reasonable. In a communication training study 

conducted by Salter and colleagues (2023), the control group participated in a physical 

health program. Other potential control group instructions include joint musical activities 

(Matthews et al., 2012).  

Besides the effect of having an active control group, three unanswered issues are 

relevant in the context of training. First, the examination of long-term effects of parent-

based trainings on infants’ gesture development. Second, the transfer of improved infants’ 

gesture development to subsequent language acquisition. Data are currently being collected 

on the expressive language skills of 24-month-old infants from the sample of Study 4. 

Third, further research is needed to assess intervention effects in high-risk populations. In 

conclusion, the current dissertation provided valuable insights into the role of parental 

responsiveness and pointing in infants’ gesture development. Yet, given the complexity of 

infants’ deictic gesture development, further research is needed to obtain a complete 

picture of all influencing factors.  

7.4. Concluding remarks 

 Infants communicate their interest in and attention to external entities through 

gestures before they manage their first words (Guevara et al., 2020). The motivation to 

acquire complex communication skills before the first birthday is rooted in an innate social 

orientation (Over, 2016; Rüther & Liszkowski, 2021). It stands to reason that many 

developmental milestones, above all language acquisition, are notably influenced by 

infants’ social interaction experiences (Tamis-LeMonda et al., 2003). Identifying the social 

learning mechanisms underlying infants’ gesture development helps to understand the 

roots of human communication and is a necessary basis for communication interventions. 
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With these objectives in mind, the influence of parental responsiveness and parental 

pointing on the development of infants’ deictic gestures was investigated.  

In this dissertation, I introduced and established a new remote tool for observing 

infant pointing across different age groups. The novel remote paradigm allows for data 

collection from diverse samples, large-scale multi-laboratory studies, cross-cultural 

research, and quick and easy diagnostic screening. The data presented suggest that parental 

responsiveness and pointing influence infants’ gesture development. By experiencing 

parents’ referential pointing from seven months onwards, infants learn about the referential 

nature of deictic gestures. On this social-cognitive basis, parental responsiveness shapes 

infants’ prelinguistic gestural communication. In addition to providing evidence for the 

social constructivist account, this interpretation of the findings challenges spontaneous 

onset and social shaping accounts. Infant gestures as communicative acts develop through 

the influence of social interactional experiences in close interaction with infants’ cognitive 

abilities. Thus, parent-based interventions targeting infants’ communicative development 

are particularly effective when the training is tailored to the infant’s current developmental 

stage. Parental pointing training is a promising candidate for intervention before infants 

actively initiate episodes of triadic joint attention, while parental responsiveness is a 

relevant training target afterward.  
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Appendix B 

Recruitment letter from the KOKU database
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Appendix C 

Documents for participating parents at the KOKU 

Sample study information
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Consent form for audio and video recordings 
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Sample parent questionnaire on socioeconomic background 
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Appendix D 

Set-up of the remote decorated room 

 



PARENTAL INFLUENCE ON THE DEVELOPMENT OF GESTURES 171 

 
 

Appendix E  

Sample stimulus presentation in Study 4 

Note. Opening slide, sound: ringing bells, animation A: The windmill moves downward a 

little, animation B: Snow falls from the top to the bottom of the picture with the child.  

 

Note. Animation A: The banana gets peeled, animation B: The ducks moves towards the 

banana, animation C: Video of a falling block tower, animation D: The puppet grows in 

size. 
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Note. Animation A: The pencils draw a line, animation B: The face on the bucket laughs, 

sound: whistle, animation C: The dummy moves to the right side of the slide, animation D: 

The dots on the socks change colors. 

 

Note. Animation A: One butterfly flies out of the slide, animation B: The face on the plate 

rotates, animation C: Video of a dog jumping in a suitcase, animation D: The rattles grow 

in size. 
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Note. Animation A: The excavator drives to the bottom of the slide, animation B: The 

excavator dumps the spoil on the ground, sound: ringing bells, animation C: The seasaw 

changes color, animation D: The frog jumps on the seasaw.  

  

Note. Animation A: The flowers disappear and reappear at the bottom of the slide, 

animation B: The apples rotate, animation C: Video of an approaching spoon, animation D: 

The body grows in size.  
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Note. Animation A: The boat drives around, animation B: Waves appear below the boat, 

sound: whistle, animation C: The sun appears and moves across the picture with the teddy 

bear, animation D: The bike changes its color.  

 

Note. Animation A: The knob on the toaster rotates, animation B: The chicken gets dressed 

with boots and a scarf, animation C: Video of a bunny eating flowers, animation D: The 

body grows in size.  
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Note. Animation A: The stroller drives closer to the doll, animation B: The doll moves its 

arms and legs, sound: ringing bells, animation C: The ballons fligh higher, animation D: 

The dog turns around. 

 

Note. Animation A: The star blinks its eyes, animation B: The worm appears, closing slide.  
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Appendix F 

Formal declarations 
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