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研究成果の概要（和文）：本プロジェクトの目的は、乳幼児の社会的コミュニケーション環境を長時間データと
して記録し、どの文化にも対応可能なデータ計測・抽出インフラストラクチャを作成することであった。その為
の「SCALaフレームワーク」を開発し、乳幼児データに適用した。感染症拡大によりデータ収集が難しく、代わ
りにメキシコの小規模な自給自足農業コミュニティで話されている Tseltal語にSCALaを適用した。言語の構造
を抽出可能にする入力は多いが、比して言語の構造を周囲で起きている出来事や物事に結び付けることを可能に
する入力は少ないという結果が得られた。今後は、日本語や他の言語にも調査を広げ、今回の調査結果と比較し
ていく。

研究成果の概要（英文）：The present project aimed to create an infrastructure to measure and analyze
 infants social-communicative environment across cultures. As a first step, we developed a framework
 to extract such data from the input in a unified way and to link it to known learning algorithms. 
As a second step, we proposed to collect infant data and apply our framework. Although we were able 
to do some pilot data collection, due to the pandemic we were not able to collect a full dataset in 
Japan. Instead, we moved on to the cross-linguistic part of the project and applied our framework to
 Tseltal, a language spoken spoken in a smallscale, subsistence farming community in Mexico. These 
data reveal a high quantity of input that could be used to extract language structure, but less 
input that would permit the learner to link this structure to events or entities in the surrounding 
world. Together, this approach will allow us to make precise recommendations for future large-scale 
empirical research.
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研究成果の学術的意義や社会的意義
How infants learn language so well is still an unresolved mystery. Day-long audio recordings offer a
 glimpse into infants’ environments. We developed an analysis framework for such data, which will 
allow a better understanding of how environmental cues interact for successful language acquisition.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 
How infants are capable of learning language with a speed and efficiency unrivaled even by state-of-the-
art AI systems is still a mystery. Their use of social-communicative cues has been suggested as crucial, 
but little is known about the actual composition of infants’ social-communicative environment. The 
present project therefore set out to measures and analyzes infants’ social-communicative input in an 
ecologically valid setting and to asses its impact on key language outcomes. 
 
２．研究の目的 
Language is one of humans’ core cognitive abilities, and how infants across cultures are able to learn it 
with such unrivaled speed and efficiency remains a key question. One potentially key explanation for 
infants’ superior performance is their use of social-communicative cues. Indeed, past research has 
demonstrated that such cues augment language learning in the lab. The mechanisms through which the 
social-communicative environment supports early language learning are, however, still poorly understood. 
The present project aimed to elucidate these mechanisms by asking three key scientific questions. 
Q1: What is the content of infants’ social-communicative environments? 
Q2: How does this content relate to infants’ language outcomes? 
Q3: How does this content differ between cultures? 
 
３．研究の方法 
3.1 Original plan 
The original plan related to the above three questions was as follows. 
As to Q1, we planned to day-long audio recordings with accompanying hour-long head-mounted camera 
recordings with wearable devices in Japanese infants’ homes. We further planned to extract data from 
these recording with a combination of automatic and manual annotations. We then planned to devide a 
coding scheme in order to extract information relevant for subsequent classification such as speaker 
identity (e.g., mother, father, sibling), content (e.g., referential domain, such as visible, audible; speech 
act, such as statement, questions), and context (e.g., objects or people in visual field).  
As to Q2, we planned to assess the same infants’ speech sound discrimination and word recognition in the 
lab Finally, for Q3, we planned to extend the analysis scheme we developed to data collected in other 
languages and cultures.  
 
3.2 Changes due to the pandemic 
In order to carefully prepare the longitudinal study, Year 1 was dedicated to planning and piloting. Once 
we were ready to start the actual data collection, it became impossible to invite caregivers and infants to 
the lab. Note that, although the recordings themselves would have been conducted in infants’ homes, we 
would still have needed infants to come to the lab regularly for the experimental assessment of their 
language outcomes. 
We therefore changed the research plan to what was realistically possible during the pandemic situation, 
and decided to 
(C1) Develop a more sophisticated framework for coding socio-communicative information in the input 
in a cross-cultural context and link it to computational algorithms. This contributes to Q1 and will 
facilitate coding once we are able to collect data.  
(C2) Start coding data in other languages and cultures. As the pandemic progressed, we decided to not 
wait for the collection of our own dataset, but start to apply our coding scheme to data from other 
languages and to thus make progress on Q3.  
 
４．研究成果 
C1: Framework for coding socio-communicative information and link it to computational 
algorithms 
Together with my collaborators Dr. Alejandrina Cristia (expert on cross-linguistic assessment of language 
input) and Dr. Emmanuel Dupoux (expert on computational approaches to studying language learning), I 
developed SCALa (Socio-Computational Architecture of Language Acquisition). It situates an ideal 
learner within an environment, which includes the physical world as well as one or multiple interaction 
partners that provide social-communicative input to the infant. As illustrated in Figure 1, the learner is 
imbued with two sets of components: (1) probabilistic models and associated learning algorithms, (2) data 



preprocessing components. In the context of a social learner embedded in the real world, the data 
preprocessing problem is barely specified and 
complex. The learner requires advanced 
operations like referential selection and 
communicative event classification to process 
input adequately. This is addressed by the 
classification scheme in Figure 2. Here, we try 
to systematically enumerate the different cases 
that could arise depending on the referential and 
communicative aspects of a simple interaction 
event of this sort, and link each case to the 
learning algorithms that would be most 
appropriate in this particular situation. The 
results of this projects are now accepted for 

publication in the journal 
Cognition.  
 
C2: Applying SCALa 
to a Tseltal dataset 
Lacking own data 
collected in Japanese, I 
started collaborating with 
Dr. Marisa Casillas, who 
has assembled and 
annotated a dataset of 
day-long audio 
recordings in Tseltal, a 
language spoken spoken 
in a smallscale, 
subsistence farming 
community in the 
highlands of Chiapas (Southern Mexico). Based on the society’s many characteristics that diverge from a 

Japanese urban population, it will 
provide a relevant comparison for 
the cross-cultural comparison. I 
developed a scheme for native 
Tseltal speakers to code caregiver 
utterances into the scheme 
developed in SCALa (Fig.2). One 
example of coding instructions is 
given in Figure 3. By coding 
utterances based on our 

classification scheme, we are able to assess what kind of information is frequent or infrequent in the 
input. Preliminary results are presented in Figure 4. In 
Figure 4A, we can see that utterances referring to the 
sensory domain, thus that refer to something that can 
be sensed in the moment of the utterance (see example 
in Fig. 3), are the most frequent. This would mean that 
they can be not only leveraged by LM (language 
modeling), but also Xmod (Cross-modal learning) and 
would allow to learn about associations between an 
utterance and events in the world. We can also see 
(Fig. 4C) that instances where feedback is provided 
are relatively rare. Feedback would allow an utterance 
to be processed by RF (reinforcement learning), which 
can be a more powerful learning algorithm compared 
to unsupervised instances. By comparing the 
prevalence of different kinds of utterance types across 
children and cultures, we can start understanding the 
role of the socio-communicative environment in 
language acquisition.  
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