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Abstract

Adults, when talking to infants, adjust their communication across several dimensions,
including acoustic, linguistic, and gestural characteristics. However, our knowledge of
how these dimensions covary in this register adjustment remains limited. Our objective
was to analyze the linguistic elements, gestures and acoustic features (speech rate, vowel
space, prosody) of storytelling directed to 6-month-old infants in a multidimensional way.
The storytelling of 92 mothers to their own children was investigated and compared to
their communication with other adults. We analyzed the acoustic features, gestures, and
the linguistic construction of their storytelling. Our results have shown that pointing and
showing gestures were more common in infant-directed storytelling, just as interactive
expressions unrelated to the story were. The correlation tests across dimensions revealed
that infant-directed communication is multidimensional. The cross-dimensional analyses
demonstrated that infant-directed communication, compared to adult-directed commu-
nication, exhibited more systematic multidimensional coordination. Mothers who used
more gestures and interactive elements in their infant-directed communication also tended
to modify the acoustic characteristics of their speech to a greater extent relative to their
adult-directed speech.

Keywords: infant-directed speech; acoustic analysis; prosody; gesture; multimodality;
Hungarian

1. Introduction

Speakers tend to adjust the characteristics of their communication depending on the
situation and on the perceived or actual needs of their counterparts, in order to com-
municate successfully and to express social closeness or distance (Gallois & Giles, 2015;
Pickering & Garrod, 2006). For example, adults talk differently to infants than to other
adults. This specialized speech register is commonly referred to as infant-directed speech
(IDS). Caregiver—infant interactions are typically multidimensional, as adults modify not
only the acoustic properties of their speech, but also their gestures and explicit linguistic
expressions. Nevertheless, a substantial body of existing research has focused primarily
on a single dimension, namely, acoustic characteristics (Cox et al., 2023b; Fernald et al.,
1989; Hilton et al., 2022; Miyazawa et al., 2017). Relatively few studies have examined
the multidimensional nature of infant-directed communication (IDC) using an integrative
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approach (e.g., de La Cruz-Pavia et al., 2020; Smith & Strader, 2014). Therefore, we seek to
gain a better understanding of how the different dimensions of communication directed at
infants are interrelated, and what strategies speakers employ across these dimensions to
ensure successful communication.

1.1. Properties of Infant-Directed Communication

Speech acoustics is one of the most thoroughly studied features of IDC. Results have
shown that in the languages studied (e.g., English, Spanish, and Polish) IDS is typically
slower than adult-directed speech (ADS), and exhibits generally higher fundamental fre-
quency (Cox et al., 2023a; Hilton et al., 2022; Kuhl et al., 1997; Raneri et al., 2020). However,
findings on whether the fundamental frequency (f0) range is different in the two registers
are inconsistent. In some studies, speakers’ f0 range in IDS was higher than in ADS (e.g., in
American English, Mandarin Chinese, Polish, and Norwegian; Hilton et al., 2022; Rosslund
et al., 2024), while other studies investigating the infant-directed speech of Cantonese-,
Kenyan-, Fijian- and American English-speaking mothers found no such relationship
(Broesch & Bryant, 2015; Xu & Burnham, 2010). The results for vowel production are
variable across studies. The vowel space, calculated based on the distances between vowel
formants, was found to be larger in IDS compared to ADS in American and Australian
English, Japanese, Russian, and Swedish (Cristia & Seidl, 2014; Kalashnikova & Burnham,
2018; Kuhl et al., 1997; Miyazawa et al., 2017). However, other studies did not find such an
effect (e.g., in Norwegian: Englund & Behne, 2005; in English, French and Japanese: Dodane
& Al-Tamimi, 2007). Although the acoustic properties of IDS change as the child ages, in the
first year, the difference from ADS is manifested generally in the features mentioned above
(Cox et al.,, 2023a). Although only a very limited number of systematic comparisons exist
between the acoustic features of different infant-directed communication situations, the
available results suggest that infant-directed speech shows highly similar characteristics in
free play and storytelling (Gergely et al., 2017; Rosslund et al., 2024). Several characteristics
discussed here were observed across languages (Fernald et al., 1989; Hilton et al., 2022),
although substantial language-specific or cultural differences may also exist (Broesch &
Bryant, 2015; Narayan & McDermott, 2016). Therefore, we address the characteristics of
infant-directed speech produced by native Hungarian speakers specifically. In Hungarian
infant-directed speech, as in other languages, lower speech rate and higher fundamental fre-
quency were reported (Gergely et al., 2017; Kohdri et al., 2024). Hungarian infant-directed
speech also exhibits a larger vowel space compared to adult-directed speech (Gergely et al.,
2017; Kohari et al., 2024). These features of infant-directed speech appeared in spontaneous
speech situations and reading tasks, in which participants were asked to read sentences
aloud (Gergely et al., 2017). In terms of f0 range, however, studies found conflicting results
for Hungarian speech. While one study reported a larger fO range in Hungarian native
speakers’ infant-directed speech than in their adult-directed speech (Gergely et al., 2017), a
study using a different method for assessing f0 range (measuring f0 in semitones to account
for inter-speaker variability) found no such difference (Kohari et al., 2024).

Infant-directed communication, however, is not restricted to the acoustic properties
of speech. Adults also tend to adjust their nonverbal signals and gestures when commu-
nicating with infants (Iverson et al., 1999; Murphy, 1978; Rohlfing et al., 2015; Schmidt,
1996; Vigliocco et al., 2019). Motion-tracking analyses have revealed that parents performed
actions with objects for longer durations and at closer distances when communicating with
their infants than when interacting with adults (van Schaik et al., 2020). Based on their
referential values, gestures are classified into four types: deictic, iconic, metaphoric, and
beat gestures (McNeill, 1992). The two main subtypes of deictic (pointing and showing)
gestures occur frequently in IDS; furthermore, iconic and conventional gestures can also

https:/ /doi.org/10.3390/languages11080163


https://doi.org/10.3390/languages11080163

Languages 2026, 11, 163

30f22

be found (Iverson et al., 1999; Rohlfing et al., 2015; Vigliocco et al., 2019). In contrast,
other studies have reported such a low frequency of deictic gestures in IDC that they were
excluded from analysis, and only iconic and beat gestures were investigated (Kandemir
et al., 2024). These discrepancies may arise as the usage of gestures varies considerably
depending on the communication situation (e.g., story reading, storytelling, and free play),
as well as on the child’s age (Iverson et al., 1999; Kandemir et al., 2024; Rohlfing et al.,
2015). Different situations elicited different gesture patterns. It has been found that in the
book-reading condition, mothers used pointing gestures much more frequently than in free
play (Rohlfing et al., 2015). Another study showed that during story reading and story-
telling, the number of gestures produced by speakers—particularly iconic gestures—was
markedly lower than when they were asked to explain how to navigate to a given location
(Kandemir et al., 2024). The emergence and the frequency of different gesture types may
be largely influenced by whether the object is present or far away from the speaker. Very
few studies have investigated deictic gestures—and pointing gestures in particular—in
IDC during the early stage of language development, before the infant reaches one year of
age (Dedk et al., 2018; Murphy, 1978; Schmidt, 1996). This gap in the literature is especially
surprising given that infants themselves begin to produce pointing gestures as early as
nine months of age (Kita, 2003), presumably after learning them from caregiver input. This
raises the question of what we actually know about deictic gestures in speech directed
to infants aged nine months or younger. In one study examining communication with
infants aged 3 to 11 months during free play in a fixed seating arrangement, caregivers
produced pointing gestures rather rarely. The authors suggested that this may have been
due to the recording procedure and the physical distance between the mother, the infant,
and the objects present in the setting (Dedk et al., 2018). In contrast, another study found
that during joint book reading, caregivers already produced pointing gestures in speech di-
rected to nine-month-old infants, and that the frequency of pointing increased substantially
by 24 months of age (Murphy, 1978). Similarly, in a study investigating communication
with preverbal 10-month-old infants during free play, gestures were found to be more
frequent than pointing gestures (Schmidt, 1996). The results of this study also suggested a
developmental increase in the use of pointing gestures over time (Schmidt, 1996). Since
the use of deictic gestures during storytelling may vary substantially across languages and
linguistic communities (Nicoladis et al., 2018; Pika et al., 2006), it is important to note that,
to the best of our knowledge, gestures in Hungarian IDC have not yet been investigated.
Infant-directed communication may differ not only in its acoustic and gestural charac-
teristics but also in its linguistic expressions. Linguistic research may encompass a wide
range of approaches; for instance, studies have shown that adults typically simplify syntac-
tic structures in child-directed speech and frequently repeat words and expressions when
addressing children (Genovese et al., 2020; Harmati-Pap et al., 2025; Saint-Georges et al.,
2013; Soderstrom, 2007). Storytelling and joint picture-book reading, however, represent
highly specific linguistic contexts characterized by a fixed structure and, in many cases,
printed text on the pages (McArthur et al., 2005; Wigglesworth & Stavans, 2001). Narrative
construction involves certain key elements that are indispensable for comprehending the
story. At the same time, storytelling may also include utterances whose communicative
function is not the transmission of information but the gaining and maintaining of attention
(Wigglesworth & Stavans, 2001). These storytelling and interactive storybook-reading
strategies have typically been investigated among preschool-aged children (Stavans, 1996;
Stavans & Goldzweig, 2008; Tompkins et al., 2017). Their findings indicate that parents
of children aged three years and older predominantly produce story-related utterances,
although they also incorporate interactive elements intended to actively involve the child
in communication (Stavans & Goldzweig, 2008). The communicative differences between
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interactions with older children and those with preverbal infants are particularly evident
in the fact that, during storytelling with older children, adults are able to ask genuine
questions and expect verbal responses (Kang et al., 2009). A substantial proportion of
caregivers reported that they had begun shared picture-book reading before the child had
reached six months of age and that this activity had become part of their everyday routines
(Tompkins et al., 2017). A study specifically addressed conversational-function utterances
in infant-directed storytelling that explicitly contained lexical items such as “look” or “see”
(Murphy, 1978). The authors found that such utterances occurred more frequently in speech
directed to nine-month-old infants than at later ages (14, 20, and 24 months). In speech
directed to preverbal infants, these forms have been described as salient features based on
qualitative analyses (Goldring-Zukow, 1991).

1.2. Interactional Functions of Infant-Directed Communication

Traditionally, three main functions are associated with the characteristics of IDC,
namely attentional, affective, and didactic purposes, which are not mutually exclusive
(Kempe et al., 2024; Saint-Georges et al., 2013; Spinelli et al., 2017). The different charac-
teristic features can serve similar or identical functions simultaneously in communication,
supplementing each other. In what follows, we briefly review the earlier findings and
their conclusions regarding the possible functions of the acoustic, gestural, and linguistic
features of IDC.

In infant-directed communication, adults spontaneously adjust the features of their
speech to the situation (Hilton et al., 2022). In interaction, even infants below one year of age
are capable of providing feedback, for example through gaze or head-turning. It has been
observed across languages that infants prefer infant-directed speech over adult-directed
speech, and that this preference increases with development between 4 and 14 months of
age (ManyBabies Consortium, 2020). Even newborns are able to distinguish the typical
acoustic properties of infant-directed speech from those of adult-directed speech (Haden
et al., 2020). However, it is possible that not all characteristics are equally preferred by
infants. It has been observed, using manipulated rather than spontaneous speech, that
6-month-old infants listened longer to slowed-down infant-directed speech with artificially
exaggerated pitch contour, whereas 10-month-olds preferred a normal tempo and more
monotonous speech (Kitamura & Notley, 2009). Furthermore, it has been found that
6-8-month-old infants prefer vowels with infant-like formants, meaning formants that are
more similar to their own, over typical adult formants (Polka et al., 2022). Beyond the
characteristics of infant-directed speech, infants also showed preferences in infant-directed
actions over the features of adult-directed communication. In a study, infants were shown
video recordings of an adult manipulating an object under infant-directed (ID) and adult-
directed (AD) conditions. Both groups of 6-8-month-old and 11-14-month-old infants
preferred ID actions over AD actions (Brand & Shallcross, 2008). Besides ID actions, infants
at 4-5 months of age are capable of shifting their visual attention in the direction of a
pointing gesture (Rohlfing et al., 2012). Not only gestures, but also the characteristics of
infant-directed speech can direct the child’s attention to an object. Six-month-old infants
tended to follow an adult’s shift in gaze toward an object more after hearing a word
produced with the acoustic features of infant-directed speech than when it was pronounced
in the manner of adult-directed speech (Senju & Csibra, 2008). Although specific phrases
were not investigated, expressions with appropriate meaning (e.g., ‘Look baby, look!” in
Rohlfing et al., 2012) may also help directing the infants” gaze, and for this reason such
phrases were used as a part of the experiment protocol. The characteristics of IDC can thus
signal that the child is the addressee of the communication, and some of these features may
even serve to direct the infant’s attention toward objects.
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In IDC, the speaker may also convey emotions. Although infant-directed speech has
very similar characteristics to those associated with the expression of positive emotions, in
IDC expressing strong emotions is not necessarily the case. One study attempted to separate
the emotional and non-emotional components of infant-directed speech (Parlato-Oliveira
et al.,, 2020). Infants under 1 year of age showed a listening preference for emotional speech
over neutral speech, mostly when prosodic patterns associated with happiness or sadness
were applied; in these cases, the infants exhibited longer listening time (Kao et al., 2022).
The emotion-signaling function of IDC gestures, however, has not yet been investigated
extensively in a similar manner, to the best of our knowledge.

Regarding the features of infant-directed communication, it has also been suggested
that they may be related to the infant’s later vocabulary. It is to be emphasized, however,
that the correlations found between the characteristics of infant-directed speech and infant’s
expressive or receptive vocabulary do not necessarily imply a causal connection or any
corresponding intention on the part of the speaker (cf. Kempe et al., 2024). Acoustic
analyses have shown that slower speech rate, higher fundamental frequency, and larger
vowel space are correlated with the child’s later receptive and expressive vocabulary
(Hartman et al., 2017; Mengru & Kager, 2024; Raneri et al., 2020; Téth et al., 2025). Besides
the acoustic properties, pointing gestures directed toward an object or event also were
associated with the child’s vocabulary (Rohlfing et al., 2015; Salo et al., 2019). The properties
of IDC may thus play similar roles in communication. However, a question arises as to
whether, and to what extent, these properties appear simultaneously in communication
and whether their effects may enhance or complement each other.

1.3. Multidimensional Analyses of Infant-Directed Speech

IDC exhibits a wide range of distinctive features, including acoustic properties, gesture
characteristics, and specific explicit linguistic expressions. It is well established that during
accommodation to a given situation or interaction partner, speakers may modify multiple
communicative features (acoustic, nonverbal, etc.) simultaneously. It is not necessary that
speakers express the same interactional function across multiple dimensions simultaneously,
but convergence indicating a speaker’s cooperation can be considered the default form of
accommodation. This cooperative attitude can appear simultaneously in numerous speech
characteristics (speech rate, pitch, vowel formants, etc.) during interaction (Pellegrino et al.,
2024). This also holds for infant-directed speech. Besides the acoustic features, gestures
also exhibit observable differences in infant-directed communication compared to adult-
directed communication (Iverson et al., 1999; Rohlfing et al., 2015; Vigliocco et al., 2019).
Gestures and prosody form an organic whole in terms of various functions, complementing
and enhancing each other—often simultaneously—in communication between adults
(Prieto et al., 2025), and the same close connection can also be assumed in infant-directed
communication. Furthermore, gestures often accompany the pronunciation of words
not only in adult-directed communication, but also in infant-directed communication
(e.g., pointing at and naming an object) (Kosie & Lew-Williams, 2024; Murphy, 1978).
Prosody cannot be separated from words; although we investigate them separately, changes
in prosodic features are linked to prominent words or phrase boundaries (Prieto et al.,
2025). Moreover, the acoustic, nonverbal, and linguistic features of IDC serve similar
communicative functions. The features that adults adjust in infant-directed communication
(e.g., speech rate, pitch, vowel space, gestures) tend to be listened to longer, and preferred
by the infants over the features of adult-directed speech (Kitamura & Notley, 2009; Polka
et al., 2022; Rohlfing et al., 2012). They may even give feedback about their preferences to
the speaker, for example through gaze or head-turning, which can further enhance the use
of these communicative tools.
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In the light of the connections discussed above, it is somewhat surprising that only
rather sparse data exist on the strategies speakers apply when adapting different com-
municative characteristics to the situational context and to the infant addressee. Only a
small number of pioneering studies have examined the relationships between multiple
dimensions of IDC to one another, and to the acoustic properties of speech in particular.
In one study investigating speech directed to eight-month-old infants, head movements
and fundamental frequency were found to be more strongly related to each other in IDC
than in adult-directed communication (ADC) (Smith & Strader, 2014). In another study,
participants were asked to address a child shown on a screen in an imagined scenario,
and the researchers examined head nods and movements, as well as eyebrow movements.
They found that acoustically marked prominence was not accompanied by such gestures,
whereas utterance-final positions were marked both acoustically and by head nods (de
La Cruz-Pavia et al., 2020). Connections between explicit linguistic forms and gestures have
also been reported. In communication directed to infants between 9 and 24 months of age,
it has been shown that lexical items explicitly containing look or see are frequently accompa-
nied by pointing gestures (Murphy, 1978). A comprehensive investigation of nonverbal
features in speech addressed to 18-24-month-old children showed that approximately 60%
of speech co-occurred with some form of nonverbal cue (Kosie & Lew-Williams, 2024).
To summarize, the co-occurrence of features across different communicative dimensions
appears to be common in IDS. However, relatively little is known about how acoustic prop-
erties relate to other communicative features, particularly in the case of preverbal infants.

1.4. The Current Study

The primary objective of the present study was to gain a better understanding of
the adaptation characteristics of speakers communicating with their own children, and
to explore how they modify the features of the different communicational dimensions.
Infant-directed communication can happen in a wide variety of contexts and activities.
During early language development, one common everyday situation is shared picture-
book viewing and storytelling based on picture books (Tompkins et al., 2017). This context
provides an excellent opportunity to investigate communicative characteristics within a rel-
atively well-controlled setting, with comparable textual content and contextual constraints
across participants.

Infants are able to distinguish between speech addressed to them and speech ad-
dressed to adults, and, as indicated by their attention span, they typically prefer the typical
characteristics of infant-directed communication over those of adult-directed communica-
tion (Kitamura & Notley, 2009; Polka et al., 2022; Rohlfing et al., 2012). Thus, any differences
between the two registers, or the presence of typical features of infant-directed communi-
cation, may represent additional opportunities to grab and maintain the attention of the
infants. However, relatively little is known about the gestural and linguistic characteristics
of storytelling directed to preverbal infants. Thus, it was also our objective to analyze these
understudied features during the early stages of language development. These communica-
tion features cannot be considered independent of each other. Instead, they occur together
during the adaptation to infant-directed communication, serving similar communicational
purposes and complementing each other. Redundant information, even when conveyed
through different channels, may facilitate speech processing and information transfer (cf.
Alviar et al., 2026). Therefore, we analyzed the connections between gestures, linguistic
characteristics of storytelling, and acoustic features in order to gain a deeper understanding
of the multidimensional nature of infant-directed speech. Speakers may adopt different
strategies when accommodating to their interaction partner: they may modify the charac-
teristics of their speech and nonverbal communication to a varying extent, depending on
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the perceived or actual needs of the addressee. Speakers tend to spontaneously emphasize
certain parts of their speech to direct attention, and this marking of prominence may occur
through prosody (including timing), gestures (Prieto et al., 2025), or even explicit linguistic
phrases. Therefore, among other questions, we sought to determine whether speakers
who use attention-directing nonverbal gestures and explicit linguistic elements are also
more likely to use typical prosodic properties of infant-directed speech. Alternatively, it is
possible that some speakers primarily rely on explicit linguistic forms to attract attention,
while others put greater emphasis on nonverbal cues or prefer to exploit prosodic features.

2. Materials and Methods
2.1. Participants

We analyzed audio and video recordings of 92 first-time mothers. All speakers
were monolingual Hungarian speakers without any diagnosed hearing, speech, or other
language-related disorders. The participants were residents of Budapest or its metropolitan
area and ranged in age from 22 to 44 years (mean (M) = 31.3 years, standard deviation
(SD) = 4.9). Recruitment took place at the Birth Centre of the Military Hospital in Budapest,
Hungary at the time of the birth of their first child. None of the infants was born preterm.
The recordings were conducted when the infants were 6 months old (M = 6 months and
22.8 days, SD = 6.8, 40 male). This age was chosen because infants at this stage of language
development are already able to recognize words but do not yet actively produce them
(Bergelson & Swingley, 2012, 2015; Tincoff & Jusczyk, 2012). Thus, at this age, infants are
already interested in the words they hear in a storytelling situation, but this may still be a
highly active phase of language development, as the segmentation of new and unfamiliar
words may also be required. Furthermore, such pre-lexical infants are capable of shifting
their visual attention toward an object in response to a pointing gesture (Rohlfing et al,,
2012); therefore, adults communicating with them may already receive some feedback—
even at this early age—about whether the children follow the interaction to some extent.
It has been observed that infants prefer the characteristics of infant-directed speech over
adult-directed speech, although this preference may change over time. In the selected age
range, however, a clear preference of the characteristics of infant-directed speech can be
assumed based on the results of previous studies (Kitamura & Notley, 2009).

2.2. Materials and Procedure

We collected audio and video recordings in a laboratory environment when the infants
were 6 months old. First, the mothers were given a storybook containing 16 pictures, 10 of
which were accompanied by caption texts (Figure 1). The storybook was created by the
project members with the assistance of a professional illustrator, in accordance with the
objectives of our investigation (see details in the Supplementary Materials). The mothers
were asked to tell a whole coherent story in their own words (producing spontaneous
speech) while incorporating the written captions. These mandatory sentences ensured
identical phonetic environments for the acoustic measurements across all speakers and
conditions. The pictures ensured controlled narrative content and cognitive load, while the
spontaneous segments yielded a more natural speaking style. After becoming thoroughly
familiar with the book, the mothers told the story first to another adult, then to their child,
holding the book in their hands. The pictures and the read sentences ensured comparable
story content in both situations, enabling us to compare the properties of adult-directed
(AD) and infant-directed (ID) communications. The differences between these two registers
indicate whether, and to what extent, the speakers adjusted their communicative behavior.
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Figure 1. The pages of the storybook. The translation of the Hungarian sentence on the above
storybook page is as follows: ‘“The three pixies ran away from the lion as fast as they could.’

For the audio recordings, we used a head-mounted hypercardioid microphone (Beyer-
dynamic TG H74c), and the speech was recorded using Audacity at a 44.1 kHz sampling
rate and 16-bit resolution via an USB external sound card (M-Audio, two-channel). In both
situations, the mothers sat facing their speech partner, and the infants were seated in a
high-chair, in accordance with one established practice in infant-directed communication
research (Abu-Zhaya et al., 2017). The video recordings captured a side view of the partic-
ipants via a CX550 camera mounted on a fixed tripod, enabling us to track the mother’s
hand movements (Figure 2).

Figure 2. A camera shoot of an adult-adult communication.

2.3. Data Processing and Analysis
2.3.1. Acoustic Analysis of Infant-Directed and Adult-Directed Speech

The acoustic properties were analyzed based on the read sentences using Praat (ver-
sion 6.2.17; (Boersma & Weenink, 2019)). For each speaker and each recorded story, the
boundaries and the text of 10 read sentences (containing 17 clauses) were manually an-
notated and automatically segmented using the WebMAUS service version 3.11 (Kisler
et al., 2017). Based on previous research (Fernald et al., 1989), speech rate, vowel space,
and the median, maximum, minimum, and range of f0 may differ between adult-directed
and infant-directed speech; therefore, these measures were calculated). Vowel formant
and fundamental frequency data were extracted using Praat. FO values were converted to
semitones to control for inter-speaker variability. The phonetic parameters were calculated
using the CoPaSul toolkit version 1.3.0 (Reichel, 2016), which handles f0-related measure-
ment errors (e.g., octave errors and outliers) and provides robust fO estimates. Speech rate
(in syllables per second) was defined as the number of syllables in a read sentence divided by
the total duration of the utterance. The extracted fO-related measures and speech rate values
were averaged separately for the two registers. Vowel space was calculated based on the F1
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and F2 values across the entire story told by the mothers. We computed the mean Euclidean
distance of the F1-F2 values from the F1-F2 centroid (similarly to Bradlow et al., 1996).

2.3.2. Analysis of Infant-Directed Gestures

The type, starting point and end point of the mothers’ gestures were annotated in
ELAN version 6.8; see Lausberg and Sloetjes (2009). During storytelling, the mother was
required to keep the picture book in hand, which considerably constrained their gestures;
nevertheless, they were able to point with their index fingers. The onset and offset of these
pointing gestures were annotated. Here, a gesture is defined as a sequence of movements
between two rest positions (Kendon, 1980). When a speaker did not produce a pointing ges-
ture, two possible scenarios were distinguished. In the first case, the mother held the book
pages in a way that made them visible to the speech partner (Gupta et al., 2025). This was
labeled as a special type of showing gesture in which the pages of the book are displayed (cf.
Karmazyn-Raz & Smith, 2023). When neither pointing nor showing gestures were produced,
the section was assigned a “no gesture” label. Thus, the three categories (pointing gesture,
showing gesture, and no gesture) were mutually exclusive. Two independent annotators
analyzed the data from 25 speakers, and their gesture classifications showed high inter-rater
agreement (Cohen’s kappa: x = 0.91). The average number of words in storytelling was 306
(SD =127) in the AD condition and 357 (SD = 134) in the ID condition. The average
duration of the storytelling task was 175.0 s (SD = 72.5) in the ADC and 212.0 s (SD = 88.0)
in the IDC. The mean number of pointing gestures produced during storytelling was 0.4
(8D =1.7) in the ADC and 7.5 (SD =7.8) in the IDC. The mean number of showing ges-
tures produced during storytelling was 0.4 (5D = 1.9) in the ADC and 8.3 (SD =7.9) in the
IDC. The pointing rate was calculated for each speaker in each register by dividing the
number of pointing gestures produced in a given story by the total number of words that
each individual caregiver produced when they told that story. Analogously, the showing
rate was calculated based on the frequency of showing gestures. We also determined the
percentage of the duration of (pointing and showing) gestures relative to the total time of
the storytelling.

2.3.3. Narrative Analysis of Infant-Directed Speech

In our investigation, we used storytelling as a context, which is a common everyday
activity for infants (Tompkins et al., 2017) and provides an excellent opportunity to exam-
ine communicative characteristics in a relatively well-controlled setting, with comparable
textual content and contextual constraints across participants. However, this setting also
created a unique linguistic situation, as storytelling has a distinctive structure with cer-
tain fixed elements (McArthur et al., 2005; Wigglesworth & Stavans, 2001). To exclude
non-essential elements of the story that may have attention-grabbing meanings or inter-
actional functions, we analyzed its underlying structure using the tools and methods of
story grammar.

For the narrative analysis of the stories told by the mothers, we used the manually
corrected transcripts of the recorded tales. The narratives were segmented into so-called
communication units, following common practice in infant-directed speech research (Ce-
bioglu et al., 2022; Loban, 1976). Hereafter, we refer to these communication units as
utterances, a term widely used in phonetics. Coordinate clauses were treated as separate
utterances, whereas subordinate clauses were considered part of the same utterance.

In total, the speakers produced 11,079 utterances. The mean number of utterances
per story produced by the speakers was 52.5 (5D = 15.6) in the AD condition and 68.0
(SD = 26.1) in the ID condition. Based on the pictures in the storybook, we identified
the narrative elements essential for telling and understanding the story (McArthur et al.,
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2005). Narrative elements that did not appear in the read sentences, and were therefore
present only in spontaneous speech (e.g., walnut, hat, ship, bird, lion, etc.), were identified.
In addition, we also marked those utterances whose content was not strictly connected
to the storytelling but instead served to enhance the infant’s engagement (Wigglesworth
& Stavans, 2001). These were classified as conversational utterances (e.g., Can you see
that? Look, here are the pixies! Here we go, let us turn the page!). The read sentences did not
contain any conversational elements. As the identification of conversational utterances
may involve subjective judgment, two of the authors independently annotated 33.3% of the
data. Interrater agreement was high (Cohan’s kappa: « = 0.99). For each story produced by
a speaker, we calculated the number of utterances containing narrative elements and the
number of conversational utterances. We then determined the proportion of narrative and
conversational utterances within each story, taking the total number of utterances in that
story as 100%.

2.3.4. Statistical Analyses

For all three types of measures (acoustic, gestural, and storytelling-related), we as-
sessed the associations between properties of adult-directed and infant-directed commu-
nication within each speaker. As a large proportion of these measures was not normally
distributed, and because we aimed to compare effect sizes, paired Wilcoxon signed-rank
tests were used in all cases in R version 4.5.2 (R Core Team, 2025). For the paired Wilcoxon
tests, the appropriate effect size tests were performed using the rcompanion package version
2.5.2 (Mangiafico, 2016). If the value of » was found larger than 0.60, the effect size was
considered large. Values between 0.40 and 0.60 were considered medium, and values
between 0.10 and 0.40 were classified as small (Mangiafico, 2016). To examine the asso-
ciation between the different dimensions, we first calculated the difference between the
two registers (ID — AD) for each measure. These differences were then analyzed using
Spearman’s rank correlation, and we organized the resulting values in a correlation matrix
using the corrplot package version 0.95 (Wei & Simko, 2024). p-values were adjusted using
FDR (False Discovery Rate) correction to account for multiple comparisons. Spearman
correlation coefficient indicates a strong relationship when its magnitude is over 0.7, a
moderate correlation when it is between 0.30 and 0.70, and weak below 0.30 (Akoglu, 2018).

3. Results
3.1. Acoustic Differences Between Infant- and Adult-Directed Speech

First, similarly to previous studies, we investigated whether the acoustic features of
infant-directed speech differ from those of adult-directed speech. Furthermore, we ana-
lyzed how consistently speakers differentiated between the two registers. We calculated the
average of the acoustic measurements separately for speakers in the two registers. Table 1
shows the mean values and standard deviations obtained for all speakers in the two regis-
ters; therefore, the standard deviations in the table represent between-speaker variability.
However, the results of the statistical tests are derived from paired comparisons conducted
within speakers to explore the extent of consistency in the speakers’ differentiation of the
registers. In agreement with earlier findings (e.g., Cox et al., 2023a; Fernald et al., 1989;
Kalashnikova & Burnham, 2018), almost all acoustic features in the present dataset showed
significant inter-register differences (Table 1). Speech rate was lower in infant-directed speech,
whereas vowel space area was larger than in adult-directed speech. The minimum, maximum
and median values of f0 were all higher in infant-directed speech than in the other register;
the f0 range, however, did not show such a difference. Based on the large within-speaker
effect sizes obtained for speech rate, vowel space area, and the minimum, maximum, and
median values of f0, these differences appeared to be rather systematic (Table 1).
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Table 1. Mean and standard deviation (in parentheses) of acoustic measures in IDS and ADS. All
measures were computed separately for each speaker. Statistical test results are provided in the table.

Measure IDS M (SD) ADS M (SD)  Statistic Test Result Effect Size (r)

Speech rate 3.8(0.5) 4.2 (0.5) V=192 —(0.788 ***
Vowel space 2.1(0.2) 2.0 (0.2) V = 3837 0.723 ***
FO median 12.7 (3.9) 11.2 (3.8) V = 3932 0.763 ***
FO minimum 4.6 (3.4) 3.0 (3.3) V = 3874 0.638 ***
FO maximum 22.7 (4.2) 21.8 (4.4) V = 3350 0.669 ***
FO range 5.3(1.2) 5.6 (1.5) V =1732 n.s.

*** p < 0.001, n.s. = non-significant

3.2. Gestural Differences Between Infant- and Adult-Directed Communication

In the mothers” communication, we also compared whether the frequency of the differ-
ent gesture types (pointing gesture rate, showing rate) and the gesture duration proportions
relative to the entire story exhibit differences between adult-directed and infant-directed com-
munication. Speakers typically produced more pointing gestures in infant-directed communi-
cation than in adult-directed communication (IDC: M = 0.020, SD = 0.019; ADC: M = 0.001,
SD = 0.005). However, it should be noted that 22 speakers (23.9%) did not produce any of the
investigated gestures in infant-directed communication (Figure 3). An additional five speak-
ers (5.4%) only showed the pages of the book but did not produce pointing gestures. The
showing gesture rate was generally higher in IDC than in ADC (IDC: M = 0.022, SD = 0.020;
ADC: M = 0.001, SD = 0.005). Both measures differed significantly in the two registers
based on the statistical tests (pointing gesture rate: (V(92) = 2145;p < 0.001,r = 0.869);
showing gesture rate: (V(92) = 2469;p < 0.001,r = 0.858)). Thus, the majority of the
speakers systematically produced pointing or showing gestures more often in IDC than
in ADC. Besides the frequency of the gesture occurrences, the combined total duration of
the gestures relative to the duration of the story was also analyzed. We calculated gesture
(pointing and showing gesture) duration as a percentage of total text duration (%) in a story
(Figure 4). This measure was also found to be higher in IDC than in ADC (IDC: M = 69.1,
SD =42.7; ADC: M = 2.4, SD = 13.7). As confirmed by the statistical analyses, speakers
consistently produced gestures for a longer proportion of the storytelling time in IDC than in
ADC (V(92) = 2485; p < 0.001, 7 = 0.873).
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g mpo 2 8 ID
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g 0.021 g 0.02

0.001 0.00

AD ID AD ID
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Figure 3. Occurrence frequency of pointing and showing gestures relative to the total number of
words in the story in infant-directed and adult-directed speech. Each point represents one speaker’s
value in a given register, and the lines connect the two registers for the same speaker.
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Figure 4. Gesture (pointing and showing gesture) duration as a percentage of total text duration (%)
in a story. Each point represents one speaker’s value in a given register, and the lines connect the
two registers for the same speaker.

3.3. Narrative Differences Between Infant- and Adult-Directed Speech

We also examined whether the two registers differed in their use of narrative and
conversational elements. We evaluated the percentage of utterances within a given story
that contained narrative elements. Narrative elements were defined as key units of infor-
mation for the storytelling. In our analysis we considered only those elements that were
not among the written sentences provided in the storybook, as we focused on the char-
acteristics of spontaneous speech production. On average, in a speaker’s infant-directed
speech, 10.2% of the utterances (SD: 6.4) contained at least one of the specified narrative
elements, and the same proportion was observed in adult-directed speech (M = 10.2%,
SD: 5.5). The frequency of narrative elements did not differ significantly between the two
registers (V(92) = 1771; p = 0.55).

Besides the storytelling-related elements, other linguistic expressions also appeared
in the narratives that served to involve the infant in the storytelling. The parent intends
to attract and maintain the child’s attention with these linguistically explicit expressions.
We therefore calculated the percentage of the utterances that contained such conversa-
tional elements or phrases. On average, infant-directed speech was found to contain a
higher proportion of conversational elements (M = 9.7%, SD = 10.7), than adult-directed
speech (M = 1.4%,SD = 2.8). This feature showed significant differences between
the two registers in the statistical analyses (V(92) = 2898;p < 0.001,r = 0.808). Most
speakers generally used few conversational elements when telling the story to an adult,
whereas they used more in infant-directed storytelling (Figure 5). Although the group
mean showed deviations between the two registers, it is important to note that 16 speakers
(17.4%) did not produce any conversational elements in infant-directed speech either.
Among those who did, the proportion was consistently higher in infant-directed than in
adult-directed speech.
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Figure 5. Proportion of conversational elements in infant-directed and adult-directed speech. Each
point represents one speaker’s value in a given register, and the lines connect the two registers for the
same speaker.

3.4. Assessing the Relationship Between the Different Dimensions of Infant-Directed Speech

Infant-directed communication differs from adult-directed communication in several
aspects. This raises the question of whether the different dimensions of communication are
related to each other. To explore this, we examined possible connections among the inves-
tigated properties. We approached the calculation of correlations from two perspectives.
First, we evaluated the extent to which speakers differentiate between the two registers. For
this, we considered inter-register differences (ID — AD) across all measures and calculated
their correlations (Figure 6). However, we aimed not only to quantify how much speakers
differentiate between the two registers but also to obtain typical within-speaker values
resulting from adaptation to the infant-directed communication (IDC) situation and to
explore the relationships between them (Figure 7). However, analyses conducted within
one register may also require a reference condition; thus, we determined the values for the
same speakers separately in the AD condition as well (Figure 8). Therefore, the data shown
in Figures 7 and 8 are closely related and should be interpreted together.

First, we determined the correlations among the inter-register (ID — AD) differences
for all measures (Figure 6). The results showed that the dimensions of infant-directed
communication (acoustic, nonverbal, and storytelling-related measures) were correlated
with each other in certain cases (Figure 6). For example, pointing and showing gesture rate
and gesture proportion exhibited positive correlations. Similarly, the measures related to fO
were found to be moderately intercorrelated based on the statistical tests. Within the group
of acoustic measures, speech rate showed a negative correlation with both f0 median and
maximum. In other words, the more a speaker slowed down their speech in IDS relative to
ADS, the more likely that speaker was to differentiate the two registers not only in vowel
space but also in terms of f0 median and maximum. The storytelling-related measures were
similarly interrelated. The greater the proportion of conversational elements used by a
speaker, the more likely it was that the proportion of narrative elements tended to decrease
in infant-directed speech compared to adult-directed speech.
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Figure 6. Results of correlation tests among measures calculated from the differences between
the two registers. The values in the table indicate Spearman’s correlation coefficients. X denotes
non-significant results.

The relationships between the characteristic features of infant-directed communication
extend beyond the boundaries of a given dimension. A higher frequency of conversational
elements was positively correlated with both gesture-related measures and two acoustic
properties, namely fO median and maximum. Thus, speakers who tend to use more con-
versational elements when telling stories to their children relative to their adult-directed
speech also tend to gesture more frequently and for a greater proportion of time in IDC
than in ADC. Moreover, these speakers are more likely to differentiate between the two reg-
isters in terms of fO-related acoustic properties, thereby using acoustic cues to attract and
maintain the infant’s attention. Thus, speakers who distinguish between the two registers
along one communicative dimension tend to exploit multiple dimensions of communica-
tion simultaneously.

We also examined the relationships among the measures of infant-directed communi-
cation to explore the correlations among the characteristic values associated with adaptation
to the communicative situation. For reference, we performed the same correlation analyses
for adult-directed communication. The correlations among the infant-directed measures
were found to be similar in several respects to the pattern that can be obtained analyzing
the differences between the two registers (Figure 7). Measures within the same commu-
nicative dimension showed intercorrelations. One notable difference, however, was that
narrative elements and conversational elements did not correlate when only infant-directed
speech was considered; thus, within a single register, they can be regarded as independent
measures. The analysis of infant-directed communication further revealed that gestures
were more closely related to acoustic features (e.g., vowel space, f0 minimum). The more
frequently a speaker produced gestures, and the greater the proportion of time spent gestur-
ing, the more likely they were to use an expanded vowel space and to exhibit an increased
f0 minimum in infant-directed speech. Additional weak correlations are given in Figure 7.
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Furthermore, the results shown in Figure 8 indicate that the measures in adult-directed
communication were correlated with each other only within the same dimensions (acoustic,
nonverbal, or storytelling-related).

A B C D E F G H
A. Conversation elements 1.00 >< 0.57| 0.59 >< ><
X X

K

X

B. Narrative elements X 1.00 X X X X X
C. Pointing gesture  0.57 X 1.00 0.97 0.62 Y O o8

X

X

L
X
X

D. Showing gesture = 0.59 >< 0.97 1.00 0.65 >< [ 04

F 0.2

E. Proportion of gestures 0.62 0.65 1.00 X >< X X
X X X 100 050 XXX X[ o
X 1.00 X X X X | t-o2

X
X
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H.Fomedian X X X X X 1.00 087 059 | oa
X X
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Figure 7. Results of correlation tests among measures in IDC. The values in the table indicate
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Spearman’s correlation coefficients. X denotes non-significant results.
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Figure 8. Results of correlation tests among measures in ADC. The values in the table indicate
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F.speechrate X X X X X 1.00 XX | X | X 0
G.vowelspace X X X X X 100 X X X X | lo2
H.Fomedian X X X X X X X 1.00 089 0.55 |l
X X X X X X X o8 100 0.63
X X X
X X

-1

Spearman’s correlation coefficients. X denotes non-significant results.
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4. Discussion

The main goal of the present study was to better understand the connections between
the characteristic features of the speakers’ adaptation when communicating with their
children. Specifically, we examined the acoustic features, deictic gestures, and linguistic
constructions of storytelling in caregivers’ communication with their 6-month-old preverbal
infants. We investigated the speakers” multidimensional communication strategies of
accommodation. However, before conducting our multidimensional analyses, we evaluated
which features are indeed present in infant-directed communication and differ from those
observed in adult-directed communication.

In the present study, we explored separately which verbal, nonverbal, and acoustic
properties were more specific to storytelling addressing 6-month-old infants than to adult-
directed communication in Hungarian. It should be noted that the comparisons of the
two conditions relied on telling the same fairy tale. Therefore, our findings may not
extend to other communicative situations. In addition, since the storytelling from a book
is unusual in adult-to-adult communication, the findings in ADC can be viewed merely
as a reference point for assessing the characteristics of infant-directed communication.
Considering these limitations, we obtained the following results. The acoustic differences
found between the two registers were in agreement with results reported in the literature
(Fernald et al., 1989; Hilton et al., 2022). Infant-directed speech was slower, exhibited
a larger vowel space, and several fO-related properties (median, maximum, minimum)
were also higher. However, the fO range did not show such inter-register differences
(similarly to, e.g., Broesch & Bryant, 2015). Our data indicate that one possible explanation
may be that, as both the minimum and maximum of {0 is higher in IDS than in ADS, the
range only gets shifted but does not change in size between the two registers. Besides the
acoustic properties, we also investigated the deictic gestures (pointing, showing). Both
the pointing and showing gestures appear more frequently and for a longer duration
in storytelling directed to preverbal infants than in adult-directed communication. The
frequent pointing gestures may provide appropriate input for infants, who by 9 months
of age, typically start to actively use these gestures, presumably following the caregivers’
example (Kita, 2003). Besides gestures, we also analyzed the stories from a linguistic
perspective. The fundamental pieces of information required for storytelling were found
in similar proportions in both registers; however, utterances facilitating interaction and
unrelated to the story (e.g., Can you see that? Look, here are the pixies! Here we go, let
us turn the page!) were more frequent in IDS than in ADS. Previous research has also
observed that utterances containing the words look and see are more frequent in joint
book reading with 9-month-old infants, and later, as the children age, the proportion
of such utterances gradually decreases (Murphy, 1978). In the present study, however,
we did not focus exclusively on specific words. Instead, from the perspective of story
grammar, we annotated all optional utterances serving an interactive function, which
differed markedly in frequency between the two registers. Although this feature is not
typically highlighted among the canonical characteristics of IDS, our findings indicate
that adults apply linguistically explicit, functionally interactive elements to facilitate the
infant’s engagement in communication. Future research could provide further quantitative
pragmatic analyses in order to further explore the use and types of these linguistic devices.

Infant-directed communication can thus be considered multimodal, and our results
also revealed that its specific features in different dimensions are interconnected. Re-
dundant pieces of information serving the same function—even if they are transmitted
through different channels—can aid the infant in perceiving the properties of communica-
tion (Bahrick et al., 2019). Therefore, we examined the association between the gestures, the
linguistic features of storytelling, and its acoustic properties with one another in order to
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advance our understanding of the multidimensionality of infant-directed communication.
Within each individual dimension (gestural, acoustic, and narrative characteristics), the
features were, unsurprisingly, interrelated. Among the acoustic features, the speech rate
of IDS was found to be associated with vowel space, even though these measures are not
trivially linked by definition. Slower IDS production typically coincided with an expanded
vowel space compared to ADS. Reaching the articulatory targets of a vowel takes time,
thus in faster speech, articulatory targets are often not completely realized. Similarly, if
the intonation extends to higher fundamental frequencies, achieving these f0 targets may
likewise require additional time.

Our results indicate that infant-directed communication should not primarily be
understood as a broad multidimensional coordination of features. Rather, it appears
to be a system in which specific features from different dimensions are interconnected.
Speakers who adapt their communication more strongly to the interactional context do
not necessarily employ all available communicative resources simultaneously. The re-
lationships between the characteristics of infant-directed communication extend across
dimensions. The higher frequency of conversational elements showed positive correlations
both with gesture-related measures and with two of the acoustic features, namely median
and maximum f0. Thus, speakers who tended to use more conversational elements during
storytelling directed to infants, relative to their adult-directed speech, also gestured more
frequently and for a greater proportion of time when addressing infants than when address-
ing adults. In addition, these speakers were more likely to differentiate the two registers
in terms of fO-related properties. Accordingly, speakers who differentiate between the
two registers in terms of f0-related dimensions also tend to exploit multiple communica-
tive dimensions simultaneously, supporting attention direction not only through prosodic
cues but also through explicit linguistic expressions and gestures. Previous studies have
demonstrated that speakers tend to spontaneously emphasize certain parts of their speech
in adult-to-adult communication, and this marking of prominence may occur through
prosody (including timing), gestures (Prieto et al., 2025), or even explicit linguistic phrases.
More targeted investigation is required to determine whether our findings on multidi-
mensional coordination can be explained by the prominence of word occurrences and
their marking. When only IDS was considered, the frequency and relative duration of
gestures during storytelling were associated with several acoustic features. The more
frequently a speaker gestured, and the greater the proportion of time spent gesturing, the
more likely they were to use an expanded vowel space and elevated fO-related values
in infant-directed speech. It has been observed that infants prefer speech with the same
acoustic and nonverbal properties (vowel space, fO-related features, gestures) over typical
adult-directed communication (Brand & Shallcross, 2008; Kitamura & Notley, 2009; Polka
et al., 2022). Therefore, when these characteristic features appear in speech—regardless of
the extent to which it differs from adult-directed speech—infants in the interaction may
even provide feedback about their preferences to the speaker, for example through gaze
or head-turning, which can further enhance the use of these communicative tools. The
relevance of these cross-dimensional correlations in IDC is underlined by the fact that in
adult-directed communication, we observed significant correlations only within individual
dimensions, but not across them.

Our findings on the correlations between characteristics of IDC also warrant cau-
tion when investigating the effects of any particular feature of infant-directed speech on
language development, as several characteristics of infant-directed communication were
found to exhibit correlations within and, in some cases, across dimensions. Consequently,
even if one or a few features of infant-directed communication were shown to correlate
with children’s later vocabulary size, such correlations alone would not justify the con-
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clusion that these features are causally related to subsequent vocabulary development.
Although correlation analyses comparing characteristics of infant-directed speech with later
vocabulary development undoubtedly help identify potential connections and provide
valuable insights into communicative processes (Raneri et al., 2020; Rohlfing et al., 2015;
Salo et al., 2019), their findings should primarily be regarded as starting points for further
research. Rather than relying solely on indirect evidence, future work should aim to identify
the mechanisms through which specific communicative features directly affect children’s
perception, attention, memory, etc. (cf. Kempe et al., 2024).

To summarize, our results have shown that during infant-directed communication
adults adjust not only the acoustic features of their speech, but also the frequency and
relative duration of their gestures, and this register also differs in terms of linguistic
expressions from adult-directed communication. Although these dimensions are usually
separate from each other, certain characteristics of the IDC of an adult have a marked
tendency to co-occur with other features. A small number of the parents, however, did
not include gestures when talking to their children at all, and typically they were the ones
who used fewer conversational elements and differentiated less between IDC and ADC
in terms of acoustic properties. Speakers thus generally follow different strategies when
communicating with their children, and these communications strategies often appear
together in dimensions with modality (in acoustic, linguistic, and nonverbal features).

Supplementary Materials: The following supporting information can be downloaded at https://
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Abbreviations

The following abbreviations are used in this manuscript:

AD adult-directed

ADC adult-directed communication
ADS adult-directed speech

FO fundamental frequency

D infant-directed

IDC infant-directed communication
IDS infant-directed speech

M mean

n.s. non-significant

SD standard deviation
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