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Abstract
Language acquisition unfolds within inherently multimodal contexts, where communication 
is expressed and perceived through diverse channels embedded in social interactions. For 
hearing children, this involves integrating speech with gesture; for deaf children, language 
develops through fully visual modalities. Such observations necessitate a paradigm shift from 
speech-centric models to a holistic framework that equally values all modalities, whether 
in spoken or signed languages. This framework must account not only for the multimodal 
scaffolding of input and interaction but also for individual and contextual diversity, including 
the cultural and cognitive variabilities children bring to language learning contexts. Responding 
to commentaries on our target article, this paper refines and expands the multimodal 
language framework, emphasizing its capacity to integrate the interactive richness of input 
and the heterogeneous contexts and individual variations shaping language acquisition.
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Introduction

In our target paper (Karadöller et al., 2025), we critically reviewed the persistent focus 
and overreliance on speech-centric frameworks in language acquisition research and 
advocated for the adoption of a multimodal perspective, outlining both its theoretical 
rationale and empirical foundations. In doing so, we mainly attempted to highlight and 
bring together two lines of language acquisition research (the acquisition of gestures 
together with speech, and the acquisition of sign language), both of which have remained 
not only marginal but also separate from each other in the literature. More specifically, 
we focused on how the visual modality (with or without speech) plays a role in shaping 
language acquisition in both types of languages. In this paper, we address the issues 
raised in 16 insightful commentaries generated in response to our original work. All 
commentators agree that language development must move beyond a speech-centered or 
modality-specific view. Their responses also collectively underscore the need for refin-
ing and expanding the conceptual definition of multimodality, while also advising us to 
extend our framework to the integration of the role of multimodal input and interaction, 
as well as to individual and contextual variability. In this response paper, we focus on 
these three main points and propose pathways to advance the field toward a more holistic 
and empirically grounded understanding of language acquisition within a multimodal 
framework.

Refining and expanding the definition of multimodality

Our target article aimed to propose a framework for understanding how children acquire 
different aspects of language across modalities, focusing specifically on spoken language 
accompanied by gestures and on sign language. We chose this scope intentionally to 
bridge insights from research traditions that have often remained far apart from one 
another, particularly in developmental studies of speech-gesture combinations and sign 
language acquisition. However, we recognize that such a focus inevitably involves bound-
ary-setting decisions about what counts as “modalities” and which combinations of them 
are foregrounded. We appreciate that several of the commentaries challenge these bound-
aries and invite a broader conception of multimodality, one that captures the full range of 
semiotic resources children bring into their language acquisition trajectory.

Several commentators (e.g., Aussems, 2025; Kosie & Lew-Williams, 2025; Laing, 
2025; Miles et  al., 2025; Morgenstern & Caët, 2025; Sparaci & Volterra, 2025) have 
rightly noted that the working definition of multimodality in our target paper is narrow, 
failing to capture the whole range of modalities including not only manual gesture, sign, 
and speech but also visual prosody, gaze, posture, facial expression, affective cues, 
object manipulation, and even graphic modalities such as drawing and writing as consti-
tutive parts of children’s communicative repertoires (Cohn and Schilperoord, 2025). As 
Laing (2025) emphasizes, even early “vocal gestures,” that is, iconic vocalizations that 
convey meaning beyond target-like speech, form an integral part of infants’ multimodal 
communicative repertoire and highlight the need for a broader conception of modality. 
Further commentaries also emphasize that communication is inherently multimodal, 
with prosody functioning as a resource closely integrated with gesture and speech 
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(Esteve-Gibert et al., 2025), and bodily actions such as rhythm and movement playing a 
central role in infant–caregiver interactions (Gupta et al., 2025; Rosemberg et al., 2025). 
We fully agree with the theoretical value and developmental relevance of such a broad-
ened multimodal lens. These perspectives align with a growing view that communicative 
development cannot be reduced to a set of discrete channels but must be understood as a 
dynamic, embodied, and socially embedded process, and they extend our multimodal 
framework.

While we share this broader vision, our decision to focus specifically on speech, ges-
ture, and sign was a deliberate one, intended to enable a targeted comparison between 
spoken and signed language acquisition research, which have often been studied in isola-
tion when it comes to how visual aspects of language play a role in the acquisition pro-
cess. Our aim was to draw developmental parallels and contrasts between gesture (with 
speech) and sign in a way that has not previously been brought together from a holistic 
perspective. Although we treated gesture and sign as analytically distinct, based on dif-
ferences in conventionalization and linguistic status, we do not view these systems as 
mutually exclusive. As Morgenstern and Caët (2025) highlight, children’s early commu-
nicative acts often blur these boundaries, and as Cohn and Schilperoord (2025) suggest, 
the expressive resources children use go well beyond any one modality.

We also totally agree with Miles et al. (2025) that considering gestural components in 
sign is important for the holistic perspective, even though what counts as “gestural” in 
sign is highly debated (as the authors acknowledge in their commentary). In our review 
of the development of pointing and of iconic expressions in both sign and gesture we 
hoped to be able to account for the development of expressions with similar semiotic 
characteristics. Including facial expressions into the comparison will be necessary to 
account for the full range of multimodal language development. We also agree with 
Sparaci and Volterra (2025) that the gestural components in spoken languages are not to 
be viewed only as compensatory or playing a role solely in the development of speech. 
Instead, we need to be looking into how multimodal acts develop over time carrying dif-
ferent weights and functions over developmental time.

We fully acknowledge that our framework does not capture the full range of multi-
modal dynamics present in children’s environments. However, it does provide an extend-
able framework going beyond unimodal language acquisition theories. We see our 
contribution as complementary to these broader accounts, offering a focused entry point 
into understanding how different semiotic systems co-develop and interact during early 
language acquisition. We hope future work can build bridges between these perspectives, 
expanding the multimodal lens without losing the analytical precision needed to track 
developmental mechanisms.

Early multimodal input and interactions shape language 
acquisition

Early interactions lie at the heart of language development, and several commentators 
rightly emphasize their centrality within a multimodal acquisition framework. While our 
original article did not delve deeply into this topic due to space constraints, we fully 
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acknowledge the foundational role of early interactions in shaping how children acquire 
language. These interactions, particularly those involving parents and caregivers, pro-
vide not just verbal input but a rich tapestry of multimodal cues, such as gestures, visual 
prosody, facial expressions, object manipulations, and more, that support and scaffold 
linguistic development from the very beginning. The same holds for the multichannel 
contexts in which sign language acquisition is embedded. In what follows, we engage 
with these commentaries, highlight key empirical findings, and reflect on how both 
existing research and emerging methodologies can further illuminate the role of early 
interactions in multimodal language acquisition.

Several commentators emphasized that multimodal language acquisition is shaped by 
early interactions. Some of these comments stress the role of parent–child (Göksun & 
Demir-Lira, 2025; Kosie & Lew-Williams, 2025; Lieberman, 2025; Vigliocco, 2025) 
and multiparty interactions (Rosemberg et al., 2025). Some also highlight that these early 
interactions involve not only engagement between parents and children but also engage-
ment with objects and actions, as well as a rich set of nonverbal cues, such as infant-
directed touch and facial expressions, that may play an important role in shaping language 
acquisition (Kosie & Lew-Williams, 2025; Sander et al., 2025b).

In our target paper, we did not cover the extent to which early multimodal interactions 
shape children’s language acquisition due to space limitations. We wholeheartedly agree 
with the suggestions that these early interactions should be embedded into a multimodal 
language acquisition framework. A huge body of work has emphasized that children’s 
language acquisition is critically shaped by both the quantity and quality of input (e.g., 
Hoff & Naigles, 2002; Rowe, 2012). For instance, previous work has demonstrated that 
the sheer amount of input plays a dominant role in early developmental stages, and the 
richness of language input becomes pivotal for children’s mastery of nuanced vocabulary 
(e.g., Anderson et al., 2021; Bergelson et al., 2023; Levine et al., 2010; Pruden et al., 
2011). More central to the multimodal language acquisition framework, gestural com-
munication, such as pointing to objects or using iconic gestures to represent actions, 
serves as a scaffold for language development (e.g., Aktan-Erciyes & Göksun, 2023; 
Choi et al., 2021; Iverson et al., 1999; Küntay & Slobin, 2014; Pan et al., 2005; Rowe & 
Weisleder, 2020; Rowe et al., 2017; Silvey et al., 2021). These combined verbal and non-
verbal input patterns robustly predict later vocabulary growth, underscoring the interplay 
of modalities in language development through interaction.

Recently, Rowland et al. (2025) proposed a comprehensive framework for explaining 
how children acquire language. Moving beyond traditional approaches, the authors 
emphasize that children actively build linguistic knowledge through interaction with 
richly structured, multimodal environments and dynamic social and cognitive systems. 
One central pillar of this framework is the notion of multimodal input and the idea that 
language is rarely experienced in isolation but is embedded in a tapestry of sensory cues. 
These include not only speech sounds and co-speech gestures, but also facial expres-
sions, visual referents, and prosodic features, which together provide children with a 
richer and more accessible foundation for mapping meaning onto form (Sander et al., 
2025a). Such multimodal cues serve both redundant and complementary roles, support-
ing word segmentation, referent tracking, and the disambiguation of linguistic input (see 
Rowland et al., 2025).
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In addition to multimodal input combined with speech, gesture, and other signals shap-
ing a multimodal language acquisition framework for hearing children, multi-channel 
input that is received by deaf children may also provide important insights for sign lan-
guage acquisition. In sign language acquisition, the visual modality simultaneously con-
veys linguistic structure and embodied action, requiring children to interpret overlapping 
functions within a single channel. Lieberman et al. (2014) and Sander et al. (2025a) show 
that deaf children acquiring American Sign Language (ASL) learn to coordinate gaze and 
shift attention between linguistic and non-linguistic cues, with caregivers adapting their 
input to facilitate these attention demands. This dynamic scaffolding supports both refer-
ential clarity and early grammatical development. Furthermore, pointing in sign languages 
is not a simple gestural supplement but a form with both linguistic (e.g., pronominal) and 
gestural (e.g., referential) status, whose function must be disambiguated through context 
and structure (Fieldsteel et al., 2020; Lillo-Martin & Chen Pichler, 2018). Such evidence 
supports calls from Capirci and Iverson (2025) and Morgenstern and Caët (2025) to con-
ceptualize input as distributed across multiple articulators and embedded in rich, interac-
tive routines. Complementing this, recent findings from a Turkish homesign study (Kan 
et al., 2022) show that even when children receive fragmented or inconsistent input from 
hearing caregivers, they can construct stable and systematic communicative forms, thus 
demonstrating how the interplay between interactional input and children’s internal biases 
drives language emergence. While our target paper did not directly review findings about 
the role of the multimodal nature of the input, we fully acknowledge its central role in 
shaping language development trajectories. We strongly agree with the commentators 
who emphasize the importance of input, particularly as it is dynamically adapted to chil-
dren’s attentional and cognitive capacities across modalities and in interactive routines 
from the beginning (Clark, 2025), and we see this as a crucial domain for future multi-
modal and cross-population research to explore.

Advancing a truly multimodal understanding of language development requires 
methods that can capture the fluid, dynamic, and layered nature of early communication. 
Our target paper offered a focused synthesis based on available developmental data on 
gesture, speech, and sign, but we acknowledge that this focus inevitably involved meth-
odological constraints. Commentaries by Aussems (2025), Cohn and Schilperoord 
(2025), and Morgenstern and Caët (2025)compellingly argue that traditional behavioral 
coding, often grounded in discrete, sequential measures, risks flattening the complexity 
of children’s communicative repertoires. For instance, Morgenstern and Caët (2025) 
urge us to situate gesture use within the unfolding of everyday routines, where meaning 
emerges not from isolated forms but from patterned participation in interaction. Aussems 
(2025) further highlights the need to move beyond sequential analyses toward methods 
that capture how modalities overlap in time and function, such as in affective prosody, 
gaze coordination, and rhythmic synchrony. We find these critiques not only valid but 
likely to generate new insights on language development. Understanding such dynamic 
and richly layered input systems also requires novel tools (mobile eye tracking, kine-
matic analyses using computer vision, etc.) that can capture their real-time, interactive 
complexity. Although few in number, there exist a couple of informative corpora that 
incorporate multimodal interactions between hearing parents and children (Fusaroli 
et al., 2023; Gu et al., 2025), as well as those that incorporate deaf parents and children 
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(Perniss et  al., 2018) data from more diverse spoken and sign languages are needed. 
Several attempts have recently been made to automatically detect multimodal construc-
tions and alignment of multimodal forms in interaction (see Akamine et al., 2024; Ghaleb 
et  al., 2024). They offer a useful level of analysis to investigate lexical and dialogic 
interaction patterns between adults and can be applied to caregiver–child interactions. 
Some attempts have also been made to automatically detect parent–child interactions 
concerning mutual attention (Li et al., 2023) or communicative touch patterns (Doyran 
et al., 2024). However, more work is needed to unravel whether and to what extent auto-
matic detection and even machine learning can be utilized to study and even computa-
tionally model multimodal parent–child interactions. Finally, even though our original 
review focused on production only, we fully acknowledge the importance children’s per-
ception and comprehension of multimodal input in contributing to their language acqui-
sition from the beginning (Clark, 2025). Much work on this topic has been based on 
corpus studies, and more work is needed for experimental studies in this domain to dis-
entangle how each modality (in eyes, joint attention sequences, hands, or body) contrib-
utes to comprehension and language acquisition (Çetinçelik et  al., 2024; Sekine & 
Özyürek, 2024; Sekine et al., 2020).

Individual and socio-cultural variability shape multimodal 
language acquisition

Several commentators highlighted a key gap in our original framework: the limited 
attention to variability across learners and environments (e.g., Göksun & Demir-Lira, 
2025; Lieberman, 2025; Rosemberg et  al., 2025). We fully agree that a robust multi-
modal account must address how factors such as motor skills, cognitive profiles, social 
dynamics, and cultural practices influence the acquisition process, often in complex, 
interactive ways. In this section, we expand on these important insights, drawing on 
empirical evidence to show how individual differences and environmental diversity 
shape children’s engagement with multimodal input. By integrating these dimensions, 
we take a critical step toward a more inclusive and ecologically valid understanding of 
how language is learned across different populations and settings. Understanding these 
interactions is thus key to building a complete multimodal framework of language acqui-
sition (see also Rowland et al., 2025).

While children broadly follow universal milestones in language acquisition, substan-
tial individual variability exists in their developmental trajectories. Such differences that 
are rooted in child-specific factors like socio-cognitive abilities, neonatal health, and 
genetic predispositions are intricately tied to language learning outcomes (see Demir-
Lira & Göksun, 2025; Göksun et  al., 2025). A multimodal framework for language 
acquisition must therefore prioritize understanding the predictors of variability, both 
shared and unique across signed and spoken modalities. For instance, while early gesture 
research emphasized group-level patterns, recent work highlights antecedents of indi-
vidual differences in gestural development. Infant gesture production, for example, cor-
relates with joint attention capacities (Salo et  al., 2018), cognitive aptitude (Özer & 
Göksun, 2020), and motor skills (Benassi et al., 2016). Critically, research on individual 
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differences remains skewed. That is, while predictors of gesture use in spoken language 
acquisition are increasingly documented (e.g., socio-cognitive and motor factors), sign 
language acquisition studies disproportionately focus mostly on age of exposure (e.g., 
Karadöller et al., 2017, 2023; Mayberry et al., 2024; see also Lillo-Martin & Henner, 
2021; Lillo-Martin et al., 2020), neglecting broader socio-cognitive and/or motor influ-
ences. By mapping such interactions, future research could illuminate how individual 
differences shape multimodal language development across diverse populations.

Moreover, emerging research underscores the necessity of examining how environ-
mental variation and child-specific traits interact to shape language acquisition trajecto-
ries. Children’s cognitive profiles (e.g., visual processing, motor skills, baseline language 
ability) and biological factors (e.g., preterm birth, early neurological differences, deaf-
ness) modulate their responsiveness to parental and contextual input. For instance, 
parental use of multimodal communication, such as integrating spatial or mathematical 
concepts, predicts children’s vocabulary growth in those domains, but this relationship is 
mediated by children’s motor, cognitive, or linguistic capacities (e.g., Göksun et  al., 
2025; Kısa et  al., 2019; Kobaş et  al., 2021). Critically, while input’s role in atypical 
development is theorized to differ, empirical work backing these theoretical claims 
remains sparse (Demir-Lira & Göksun, 2025).

Extending this to sign language acquisition, analogous interactions likely exist. For 
instance, Lieberman (2025) highlights how sign language learners flexibly coordinate 
attention to both linguistic and non-linguistic cues within a single modality, with caregiv-
ers adapting their input to support gaze shifting and the layered functions of visual input. 
Including sign language dyads in studies of joint attention reveals an alternative, visually 
driven pathway to label-referent mapping. Deaf children acquiring ASL engage in fre-
quent gaze shifts between their communication partners and surrounding objects, rather 
than relying on simultaneous auditory-visual input (Lieberman et al., 2014; Sander et al., 
2025a). This ability emerges early; by 7 months, deaf infants accurately interpret gaze 
cues and intentionally shift their attention to confirm shared focus (Brooks et al., 2020). 
In addition to gaze coordination, parental input in ASL exposes deaf children to pointing 
used for both gestural and linguistic functions. Fieldsteel et al. (2020) showed that par-
ents vary their use of pointing depending on the structure of the utterance, sometimes 
aligning it with referential purposes and other times using it pronominally. This variabil-
ity requires children to distinguish between functions based on contextual and linguistic 
cues. Furthermore, parents employ pointing both within and outside utterances, under-
scoring its multifunctional nature. Complementing this, Lillo-Martin and Chen Pichler 
(2018) found that deaf children, unlike their hearing peers, begin using pointing for pro-
nominal reference by age 3. Together, these findings suggest that deaf children acquiring 
ASL develop an early sensitivity to how a single form can carry multiple communicative 
functions, reflecting the adaptive and modality-specific nature of language learning.

Finally, a predominant focus on dyadic interactions (e.g., child–caregiver or child–
adult) has shaped much of our understanding of multimodal language acquisition. 
However, this focus reflects a cultural and socioeconomic bias: in many Indigenous com-
munities and low-SES urban/rural populations, communication occurs through multiparty 
interactions involving extended families or dense household networks (e.g., de León & 
Avelino Sierra, 2024). In these contexts, children encounter overlapping conversations 
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with multiple participants, often hearing more peer-directed than adult-directed speech 
(Alam et al., 2021; Rosemberg et al., 2020). This pattern also extends to early educational 
settings like daycares. Such environments may fundamentally alter the multimodal 
dynamics of language input. For instance, educators in multiparty daycare interactions 
employ gestures with self-repetitions more frequently than observed in dyadic home set-
tings (Casla et  al., 2025). Beyond sheer gesture quantity, multiparty contexts reshape 
communicative structures. In these contexts, interactions may involve multiple children 
engaging with adults, or vice versa, demanding coordination of gaze, body positioning, 
and vocalizations (de León & Avelino Sierra, 2024; Ertaş et al., 2023; Moreno-Núñez & 
Casla, 2024). These configurations challenge dyad-centric models, underscoring the need 
to study multimodal language acquisition as a context-sensitive system.

Toward a contextually grounded, flexible, and interactive 
framework for multimodal language acquisition

The collection of commentaries on our target paper has pushed us to clarify, expand, and 
recontextualize our framework for multimodal language acquisition in meaningful ways. 
We are grateful for the thoughtful and thought-provoking critiques that not only validate 
the urgency of moving beyond speech-centered paradigms but also highlight the diverse 
semiotic resources, sociocultural settings, and individual learner profiles that shape early 
communicative development. The commentators collectively advocate for a richer and 
more inclusive understanding of multimodality, which transcends traditional modality 
boundaries, captures the dynamism of early interactions, and centers variation across 
both children and contexts.

While our original scope focused on the developmental interplay between speech, ges-
ture, and sign, we fully acknowledge that this offers only a partial window into the broader 
landscape of multimodal language acquisition. Future work must grapple with how differ-
ent modalities interact dynamically, how these patterns emerge within specific ecological 
settings, and how children with varying abilities and resources navigate these interactions. 
Importantly, methodological innovation will be key: advancing naturalistic, multimodal 
corpora and developing analytic tools that capture the real-time, layered complexity of 
early communicative acts will provide the empirical grounding this agenda requires.

In sum, the insights raised across the commentaries collectively underscore that mul-
timodal language acquisition cannot be fully understood without accounting for the vari-
ability inherent in children’s traits, caregiving environments, and sociocultural contexts. 
These factors do not merely modulate acquisition, but in fact shape the very architecture 
of communicative development across modalities. We view this growing body of work 
not as a challenge to a unified multimodal framework, but as a necessary expansion of it. 
Embracing this complexity will allow future research to move beyond one-size-fits-all 
models and build toward a nuanced, inclusive account of how children learn language in 
the richly varied environments in which they grow up.

The road ahead calls for collaborative, cross-disciplinary work and requires sustained 
attention to cross-linguistic, cross-modal, and cross-cultural diversity. A truly multi-
modal approach to language acquisition must remain theoretically anchored, methodo-
logically flexible, and empirically inclusive, thus tracking not only what children acquire, 
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but also how, when, where, and through whom they acquire language. We hope this 
ongoing dialogue continues to refine and expand the boundaries of the field, and we look 
forward to future work that builds on this shared momentum.

ORCID iDs

Dilay Z. Karadöller  https://orcid.org/0000-0001-5160-7679
Beyza Sümer  https://orcid.org/0000-0002-1605-4551

Author Contributions

Dilay Z. Karadöller: Conceptualization; Writing – original draft; Writing – review & editing.
Beyza Sümer: Conceptualization; Writing – original draft; Writing – review & editing.
Aslı Özyürek: Conceptualization; Supervision; Writing – original draft; Writing – review & 
editing.

Funding

The authors received no financial support for the research, authorship, and/or publication of this 
article.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to the research, authorship, and/
or publication of this article.

References

Akamine, S., Ghaleb, E., Rasenberg, M., Fernandez, R., Meyer, A. S., & Özyürek, A. (2024). 
Speakers align both their gestures and words not only to establish but also to maintain refer-
ence to create shared labels for novel objects in interaction. In L. K. Samuelson, S. L. Frank, 
A. Mackey, & E. Hazeltine (Eds.), Proceedings of the 46th Annual Meeting of the Cognitive 
Science Society (CogSci 2024) (pp. 2435–2442).

Aktan-Erciyes, A., & Göksun, T. (2023). Early parental causal language input is associated with 
later child causal verb understanding. Journal of Child Language, 50(1), 177–197. https://doi.
org/10.1017/s030500092100080

Alam, F., Ramírez, L., & Migdalek, M. (2021). Other children’s words in the linguistic environ-
ment of infants and young children from distinct social groups in Argentina. Journal for the 
Study of Education and Development, 44(2), 269–302. https://doi.org/10.1080/02103702.20
21.1888489

Anderson, N. J., Graham, S. A., Prime, H., Jenkins, J. M., & Madigan, S. (2021). Linking qual-
ity and quantity of parental linguistic input to child language skills: A meta-analysis. Child 
Development, 92(2), 484–501. https://doi.org/10.1111/cdev.13508

Aussems, S. (2025). How to implement a unified multimodal framework of first language acquisi-
tion: A commentary on Karadöller, Sümer, and Özyürek. First Language, 45(6), 711–715. 
https://doi.org/10.1177/01427237251325989

Benassi, E., Savini, S., Iverson, J. M., Guarini, A., Caselli, M. C., Alessandroni, R., Faldella, G., 
& Sansavini, A. (2016). Early communicative behaviors and their relationship to motor skills 
in extremely preterm infants. Research in Developmental Disabilities, 48, 132–144. https://
doi.org/10.1016/j.ridd.2015.10.017

https://orcid.org/0000-0001-5160-7679
https://orcid.org/0000-0002-1605-4551
https://doi.org/10.1017/s030500092100080
https://doi.org/10.1017/s030500092100080
https://doi.org/10.1080/02103702.2021.1888489
https://doi.org/10.1080/02103702.2021.1888489
https://doi.org/10.1111/cdev.13508
https://doi.org/10.1177/01427237251325989
https://doi.org/10.1016/j.ridd.2015.10.017
https://doi.org/10.1016/j.ridd.2015.10.017


806	 First Language 45(6)

Bergelson, E., Soderstrom, M., Schwarz, I.-C., Rowland, C. F., Ramírez-Esparza, N., Hamrick, 
L. R., Marklund, E., Kalashnikova, M., Guez, A., Casillas, M., Benetti, L., van Alphen, P., 
& Cristia, A. (2023). Everyday language input and production in 1,001 children from six 
continents. Proceedings of the National Academy of Sciences of the United States of America, 
120(52), e2300671120. https://doi.org/10.1073/pnas.2300671120

Brooks, R., Singleton, J. L., & Meltzoff, A. N. (2020). Enhanced gaze-following behavior in 
Deaf infants of Deaf parents. Developmental Science, 23(2), e12900. https://doi.org/10.1111/
desc.12900

Capirci, O., & Iverson, J. M. (2025). The multimodal nature of development makes language mul-
timodal: A commentary on Karadöller, Sümer and Özyürek. First Language, 45(6), 716–721. 
https://doi.org/10.1177/01427237251325631

Casla, M., Moreno-Núñez, A., Alam, F., & Rosemberg, C. (2025). How teachers emphasize their 
speech: Gestures and self-repetitions during group interaction with toddlers. Language and 
Education, 39(1), 21–36. https://doi.org/10.1080/09500782.2024.2312983

Çetinçelik, M., Rowland, C. F., & Snijders, T. M. (2024). Does the speaker’s eye gaze facilitate 
infants’ word segmentation from continuous speech? An ERP study. Developmental Science, 
27(2), e13436. https://doi:10.1111/desc.13436

Choi, B., Wei, R., & Rowe, M. L. (2021). Show, give, and point gestures across infancy differen-
tially predict language development. Developmental Psychology, 57(6), 851–862. https://doi.
org/10.1037/dev0001195

Clark, E. V. (2025). Comprehension leads: A commentary on Karadöller, Sümer and Özyürek. 
First Language, 45(6), 722–725. https://doi.org/10.1177/01427237251322320

Cohn, N., & Schilperoord, J. (2025). Language acquisition in the multimodal parallel architecture: 
A commentary on Karadöller, Sümer, and Özyürek. First Language, 45(6), 726–731. https://
doi.org/10.1177/01427237251323072

de León, L., & Avelino Sierra, R. (2024). Talking to children in Tsotsil Mayan: Interactional for-
mats in child-directed communication across multigenerational caregivers. First Language, 
44(6), 574–599. https://doi.org/10.1177/01427237241272708

Demir-Lira, Ö. E., & Göksun, T. (2025). Through thick and thin: Gesture and speech remain as 
an integrated system in atypical development. Topics in Cognitive Science, 17(3), 508–526. 
https://doi.org/10.1111/tops.12739

Doyran, M., Salah, A. A., & Poppe, R. (2024). Decoding Contact: Automatic Estimation of Contact 
Signatures in Parent-Infant Free Play Interactions. In Proceedings of the 26th International 
Conference on Multimodal Interaction (pp. 38–46).

Ertaş, S., Koşkulu-Sancar, S., Ger, E., Liszkowski, U., & Küntay, A. C. (2023). Relation of infants’ 
and mothers’ pointing to infants’ vocabulary measured directly and with parental reports. 
Infancy, 28(6), 1007–1029. https://doi.org/10.1111/infa.12558

Esteve-Gibert, N., Shattuck-Hufnagel, S., & Prieto, P. (2025). How a modality-neutral pro-
sodic dimension can enrich the multimodal language acquisition framework: A com-
mentary on Karadöller, Sümer and Özyürek. First Language, 45(6), 732–737. https://doi.
org/10.1177/01427237251335804

Fieldsteel, Z., Bottoms, A., & Lieberman, A. M. (2020). Nouns and verbs in parent input in 
American Sign Language during interaction among deaf dyads. Language Learning and 
Development, 16(4), 351–363. https://doi.org/10.1080/15475441.2020.1784737

Fusaroli, R., Weed, E., Rocca, R., Fein, D., & Naigles, L. (2023). Caregiver linguistic alignment 
to autistic and typically developing children: A natural language processing approach illumi-
nates the interactive components of language development. Cognition, 236, 105422. https://
doi.org/10.1016/j.cognition.2023.105422

https://doi.org/10.1073/pnas.2300671120
https://doi.org/10.1111/desc.12900
https://doi.org/10.1111/desc.12900
https://doi.org/10.1177/01427237251325631
https://doi.org/10.1080/09500782.2024.2312983
https://doi:10.1111/desc.13436
https://doi.org/10.1037/dev0001195
https://doi.org/10.1037/dev0001195
https://doi.org/10.1177/01427237251322320
https://doi.org/10.1177/01427237251323072
https://doi.org/10.1177/01427237251323072
https://doi.org/10.1177/01427237241272708
https://doi.org/10.1111/tops.12739
https://doi.org/10.1111/infa.12558
https://doi.org/10.1177/01427237251335804
https://doi.org/10.1177/01427237251335804
https://doi.org/10.1080/15475441.2020.1784737
https://doi.org/10.1016/j.cognition.2023.105422
https://doi.org/10.1016/j.cognition.2023.105422


Karadöller et al.	 807

Ghaleb, E., Rasenberg, M., Pouw, W., Toni, I., Holler, J., Özyürek, A., & Fernandez, R. (2024). 
Analysing cross-speaker convergence through the lens of automatically detected shared lin-
guistic constructions. In L. K. Samuelson, S. L. Frank, A. Mackey, & E. Hazeltine (Eds.), 
Proceedings of the 46th Annual Meeting of the Cognitive Science Society (CogSci 2024) 
(pp. 1717–1723).

Göksun, T., & Demir-Lira, Ö. E. (2025). Promoting a multimodal first language acquisition frame-
work: A commentary on Karadöller, Sümer, and Özyürek. First Language, 45(6), 738–742. 
https://doi.org/10.1177/01427237251333488

Gu, Y., Donnellan, E., Grzyb, B., Brekelmans, G., Murgiano, M., Brieke, R., Perniss, P., & 
Vigliocco, G. (2025). The ECOLANG multimodal corpus of adult-child and adult-adult lan-
guage. Scientific Data, 12(1), 89. https://doi.org/10.1038/s41597-025-04405-1

Gupta, S., Mazzocconi, C., & Fourtassi, A. (2025). Toward a child-centered, interactive approach 
to multimodal language development: A commentary on Karadöller, Sümer, and Özyürek. 
First Language, 45(6), 743–747. https://doi.org/10.1177/01427237251326243

Hoff, E., & Naigles, L. (2002). How children use input to acquire a lexicon. Child Development, 
73(2), 418–433. https://doi.org/10.1111/1467-8624.00415

Iverson, J. M., Capirci, O., Longobardi, E., & Caselli, M. C. (1999). Gesturing in mother-
child interactions. Cognitive Development, 14(1), 57–75. https://doi.org/10.1016/S0885-
2014(99)80018-5

Kan, U., Gökgöz, K., Sumer, B., Tamyürek, E., & Özyürek, A. (2022). Emergence of negation 
in a Turkish homesign system: Insights from the family context. In A. Ravignani, R. Asano, 
D. Valente, F. Ferretti, S. Hartmann, M. Hayashi, Y. Jadoul, M. Martins, Y. Oseki, E. D. 
Rodrigues, O. Vasileva, & S. Wacewicz (Eds.), The evolution of language: Proceedings of 
the Joint Conference on Language Evolution (JCoLE) (pp. 387–389). Joint Conference on 
Language Evolution (JCoLE).

Karadöller, D. Z., Sümer, B., & Özyürek, A. (2017). Effects of delayed language exposure on 
spatial language acquisition by signing children and adults. In G. Gunzelmann, A. Howes, T. 
Tenbrink, & E. Davelaar (Eds.), Proceedings of the 39th annual conference of the Cognitive 
Science Society (pp. 2372–2376). Cognitive Science Society.

Karadöller, D. Z., Sümer, B., & Özyürek, A. (2025). First-language acquisition in a multimodal 
language framework: Insights from speech, gesture, and sign. First Language, 45(6), 673–710. 
https://doi.org/10.1177/01427237241290678

Karadöller, D. Z., Sümer, B., Ünal, E., & Özyürek, A. (2023). Late sign language exposure does 
not modulate the relation between spatial language and spatial memory in deaf children and 
adults. Memory & Cognition, 51(3), 582–600. https://doi.org/10.3758/s13421-022-01281-7

Kısa, Y. D., Aktan-Erciyes, A., Turan, E., & Göksun, T. (2019). Parental use of spatial language 
and gestures in early childhood. British Journal of Developmental Psychology, 37(2), 149–
167. https://doi.org/10.1111/bjdp.12263

Kobaş, M., Aktan-Erciyes, A., & Göksun, T. (2021). Fine motor abilities and parental input of 
spatial features predict object word comprehension of Turkish-learning children. Infant and 
Child Development, 30(4), e2243. https://doi.org/10.1002/icd.2243

Kosie, J. E., & Lew-Williams, C. (2025). The high dimensionality of caregiver-child communica-
tion: A commentary on Karadöller, Sümer, and Özyürek. First Language, 45(6), 748–752. 
https://doi.org/10.1177/01427237251328056

Küntay, A., & Slobin, D. I. (2014). Listening to a Turkish mother: Some puzzles for acquisi-
tion. In M. Bamberg & J. Reilly (Eds.), Social interaction, social context, and language (pp. 
265–286). Psychology Press.

Laing, C. E. (2025). Vocal gestures in early multimodal communication: A commen-
tary on Karadöller, Sümer and Özyürek. First Language, 45(6), 753–757. https://doi. 
org/10.1177/01427237251325633

https://doi.org/10.1177/01427237251333488
https://doi.org/10.1038/s41597-025-04405-1
https://doi.org/10.1177/01427237251326243
https://doi.org/10.1111/1467-8624.00415
https://doi.org/10.1016/S0885-2014(99)80018-5
https://doi.org/10.1016/S0885-2014(99)80018-5
https://doi.org/10.1177/01427237241290678
https://doi.org/10.3758/s13421-022-01281-7
https://doi.org/10.1111/bjdp.12263
https://doi.org/10.1002/icd.2243
https://doi.org/10.1177/01427237251328056
https://doi. org/10.1177/01427237251325633
https://doi. org/10.1177/01427237251325633


808	 First Language 45(6)

Levine, S. C., Suriyakham, L. W., Rowe, M. L., Huttenlocher, J., & Gunderson, E. A. (2010). 
What counts in the development of young children’s number knowledge? Developmental 
Psychology, 46(5), 1309–1325. https://doi.org/10.1037/a0019671

Li, P., Lu, H., Poppe, R. W., & Salah, A. A. (2023). Automated detection of joint attention and 
mutual gaze in free play parent-child interactions. In Companion Publication of the 25th 
International Conference on Multimodal Interaction (pp. 374–382).

Lieberman, A. M. (2025). The visual modality serves ‘double duty’ for sign language learners: A 
commentary on Karadöller, Sümer, and Özyürek. First Language, 45(6), 758–763. https://
doi.org/10.1177/01427237251333485

Lieberman, A. M., Hatrak, M., & Mayberry, R. I. (2014). Learning to look for language: develop-
ment of joint attention in young deaf children. Language Learning and Development, 10(1), 
19–35. https://doi.org/10.1080/15475441.2012.760381

Lillo-Martin, D., & Chen Pichler, D. (2018). Development of pointing signs in ASL and implica-
tions for their analysis. In Proceedings of the 43rd Annual Boston University Conference on 
Language Development (pp. 2–4), Boston, MA, November.

Lillo-Martin, D., & Henner, J. (2021). Acquisition of sign languages. Annual Review of Linguistics, 
7, 395–419. https://doi.org/10.1146/annurev-linguistics-043020-092357

Lillo-Martin, D., Smith, N., & Tsimpli, I. (2020). Age of acquisition effects in language develop-
ment. In G. Morgan (Ed.), Understanding deafness, language and cognitive development: 
Essays in honour of Bencie Woll (pp. 93–113). John Benjamins Publishing Company.

Mayberry, R. I., Hatrak, M., Ilbasaran, D., Cheng, Q., Huang, Y., & Hall, M. L. (2024). 
Impoverished language in early childhood affects the development of complex sentence 
structure. Developmental Science, 27(1), e13416. https://doi.org/10.1111/desc.13416

Miles, R., Lynne Nielson, S., İlkbaşaran, D., & Mayberry, R. I. (2025). An embodied multi-artic-
ulatory multimodal language framework: A commentary on Karadöller, Sümer and Özyürek. 
First Language, 45(6), 764–768. https://doi.org/10.1177/01427237251326977

Moreno-Núñez, A., & Casla, M. (2024). Gestures, objects, and spaces: Exploring teachers’ multi-
modal communication in nursery schools. Europe’s Journal of Psychology, 20(2), 129–142. 
https://doi.org/10.5964/ejop.12291

Morgenstern, A., & Caët, S. (2025). The integration of the visual-gestural modality in research 
on child language development: A commentary on Karadöller, Sümer and Özyürek. First 
Language, 45(6), 769–773. https://doi.org/10.1177/01427237251328466

Özer, D., & Göksun, T. (2020). Gesture use and processing: A review on individual differ-
ences in cognitive resources. Frontiers in Psychology, 11, 573555. https://doi.org/10.3389/
fpsyg.2020.573555

Pan, B. A., Rowe, M. L., Singer, J. D., & Snow, C. E. (2005). Maternal correlates of growth in 
toddler vocabulary production in low-income families. Child Development, 76(4), 763–782. 
https://doi.org/10.1111/1467-8624.00498-i1

Perniss, P., Lu, J. C., Morgan, G., & Vigliocco, G. (2018). Mapping language to the world: The 
role of iconicity in the sign language input. Developmental Science, 21(2), e12551. https://
doi.org/10.1111/desc.12551

Pruden, S. M., Levine, S. C., & Huttenlocher, J. (2011). Children’s spatial thinking: Does talk 
about the spatial world matter? Developmental Science, 14(6), 1417–1430. https://doi.org/10
.1111/j.1467-7687.2011.01088

Rosemberg, C. R., Alam, F., Audisio, C. P., Ramírez, M. L., Garber, L., & Migdalek, M. 
J. (2020). Nouns and verbs in the linguistic environment of Argentinian toddlers: 
Socioeconomic and context-related differences. First Language, 40(2), 192–217. https://doi.
org/10.1177/0142723719901226

https://doi.org/10.1037/a0019671
https://doi.org/10.1177/01427237251333485
https://doi.org/10.1177/01427237251333485
https://doi.org/10.1080/15475441.2012.760381
https://doi.org/10.1146/annurev-linguistics-043020-092357
https://doi.org/10.1111/desc.13416
https://doi.org/10.1177/01427237251326977
https://doi.org/10.5964/ejop.12291
https://doi.org/10.1177/01427237251328466
https://doi.org/10.3389/fpsyg.2020.573555
https://doi.org/10.3389/fpsyg.2020.573555
https://doi.org/10.1111/1467-8624.00498-i1
https://doi.org/10.1111/desc.12551
https://doi.org/10.1111/desc.12551
https://doi.org/10.1111/j.1467-7687.2011.01088
https://doi.org/10.1111/j.1467-7687.2011.01088
https://doi.org/10.1177/0142723719901226
https://doi.org/10.1177/0142723719901226


Karadöller et al.	 809

Rosemberg, C. R., Alam, F., Moreno-Núñez, A., & Casla, M. (2025). Putting multiparty interactions 
back into multimodal language development studies: A commentary on Karadöller, Sümer, 
and Özyürek. First Language, 45(6), 774–779. https://doi.org/10.1177/01427237251326623

Rowe, M. L. (2012). A longitudinal investigation of the role of quantity and quality of child-
directed speech in vocabulary development. Child Development, 83(5), 1762–1774. https://
doi.org/10.1111/j.1467-8624.2012.01805

Rowe, M. L., Leech, K. A., & Cabrera, N. (2017). Going beyond input quantity: Wh-questions 
matter for toddlers’ language and cognitive development. Cognitive Science, 41(Suppl 1), 
162–179. https://doi.org/10.1111/cogs.12349

Rowe, M. L., & Weisleder, A. (2020). Language development in context. Annual 
Review of Developmental Psychology, 2, 201–223. https://doi.org/10.1146/annurev-
devpsych-042220-121816

Rowland, C. F., Westermann, G., Theakston, A. L., Pine, J. M., Monaghan, P., & Lieven, E. V. 
(2025). Constructing language: A framework for explaining acquisition. Trends in Cognitive 
Sciences. https://doi.org/10.1016/j.tics.2025.05.015

Salo, V. C., Rowe, M. L., & Reeb-Sutherland, B. C. (2018). Exploring infant gesture and joint 
attention as related constructs and as predictors of later language. Infancy, 23(3), 432– 452. 
https://doi.org/10.1111/infa.12229

Sander, J., Rowland, C. F., & Lieberman, A. M. (2025a). Caregivers use joint attention to support 
sign language acquisition in deaf children. Developmental Science, 28(4), e70034. https://doi.
org/10.1111/desc.70034

Sander, J., Zhang, Y., & Rowland, C. F. (2025b). Language acquisition occurs in multimodal 
social interaction: A commentary on Karadöller, Sümer and Özyürek. First Language, 45(6), 
780–784. https://doi.org/10.1177/01427237251326984

Sekine, K., & Özyürek, A. (2024). Children benefit from gestures to understand degraded speech 
but to a lesser extent than adults. Frontiers in Psychology, 14, 1305562. https://doi:10.3389/
fpsyg.2023.1305562

Sekine, K., Schoechl, C., Mulder, K., Holler, J., Kelly, S., Furman, R., & Özyürek, A. (2020). 
Evidence for children’s online integration of simultaneous information from speech and 
iconic gestures: An ERP study. Language, Cognition and Neuroscience, 35(10), 1283–1294. 
https://doi:10.1080/23273798.2020.1737719

Silvey, C., Demir-Lira, Ö. E., Goldin-Meadow, S., & Raudenbush, S. W. (2021). Effects of time-
varying parent input on children’s language outcomes differ for vocabulary and syntax. 
Psychological Science, 32(4), 536–548. https://doi.org/10.1177/095679762097055

Sparaci, L., & Volterra, V. (2025). Deconstructing language development: A commen-
tary on Karadöller, Sümer and Özyürek. First Language, 45(6), 785–790. https://doi.
org/10.1177/01427237251326988

Vigliocco, G. (2025). Situating multimodal language acquisition in the real-world: A com-
mentary on Karadöller, Sümer and Özyürek. First Language, 45(6) 791–796. https://doi.
org/10.1177/014272372513311

https://doi.org/10.1177/01427237251326623
https://doi.org/10.1111/j.1467-8624.2012.01805
https://doi.org/10.1111/j.1467-8624.2012.01805
https://doi.org/10.1111/cogs.12349
https://doi.org/10.1146/annurev-devpsych-042220-121816
https://doi.org/10.1146/annurev-devpsych-042220-121816
https://doi.org/10.1016/j.tics.2025.05.015
https://doi.org/10.1111/infa.12229
https://doi.org/10.1111/desc.70034
https://doi.org/10.1111/desc.70034
https://doi.org/10.1177/01427237251326984
https://doi:10.3389/fpsyg.2023.1305562
https://doi:10.3389/fpsyg.2023.1305562
https://doi:10.1080/23273798.2020.1737719
https://doi.org/10.1177/095679762097055
https://doi.org/10.1177/01427237251326988
https://doi.org/10.1177/01427237251326988
https://doi.org/10.1177/014272372513311
https://doi.org/10.1177/014272372513311

