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Abstract

Linguistic register reflects changes in speech that depend on the situation, especially the

status of listeners and listener-speaker relationships. Following the sociolinguistic rules of

register is essential in establishing and maintaining social interactions. Recent research

suggests that children over 3 years of age can understand appropriate register-listener rela-

tionships as well as the fact that people change register depending on their listeners. How-

ever, given previous findings that infants under 2 years of age have already formed both

social and speech categories, it may be possible that even younger children can also under-

stand appropriate register-listener relationships. The present study used Infant-Directed

Speech (IDS) and formal Adult-Directed Speech (ADS) to examine whether 20-month-old

toddlers can understand register-listener relationships. In Experiment 1, we used a viola-

tion-of-expectation method to examine whether 20-month-olds understand the individual

associations between linguistic registers and listeners. Results showed that the toddlers

looked significantly longer at a scene in which the adult was talked to in IDS than when the

infant was talked to in IDS. In contrast, there was no difference when the adult and the infant

were talked to in formal ADS. In Experiments 2 and 3, we used a habituation switch para-

digm to examine whether 20-month-olds understand the abstract rule that a change of regis-

ter depends on listeners rather than on speakers. Results showed that the toddlers looked

significantly longer at the scene where the register rule was violated. The present findings

provide new evidence that even 20-month-olds already understand that people change their

way of speaking based on listeners, although their understanding of individual register-lis-

tener relationships is immature.

Introduction

When we communicate with other people, we adjust aspects of our own behavior and appear-

ance, such as our body position, gestures, speech, and clothes, as appropriate to the time, place,

and opportunity. For example, when we go to a wedding party, we dress up in formal clothes
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and behave politely. When we go to a casual party, we wear casual clothes and speak casually.

At the same time, we use unfamiliar people’s personal behavior to guess information about

them such as their social rank, status, hometown, and their relationships. For example, we

judge a person as having a high rank when he or she adopts an expansive posture, speaks

loudly, and gazes directly at their social partners [1–3]. Because understanding and following

these conventional rules helps us to establish and maintain our social relationships, acquisition

of these rules is an important topic in developmental psychology.

One important means of adjusting situations in conformance with conventional rules is the

way of speaking. Even in a single language, there are many ways of speaking, and we choose the

appropriate one when we talk with others. When talking to older people, we may speak in a

polite way by using honorific words or changing our choice of pronouns [4]. When we talk to

infants, we speak slowly using high pitch and a large pitch range [5–6]. In sociolinguistic terms,

this adjustment of speech based on listeners and situations is called the register of the language.

A register is distinct from dialect, which is based on the speaker’s traits, such as geographic ori-

gin, social class, and gender [7]. Thus we can say that dialect is strongly related to the speaker,

while a register is strongly related to the listener and the social situation which the speaker is in.

There is evidence that children use register, although sample sizes have been small. Previous

research has shown that even 2-year-old toddlers change their way of speaking depending on

the situations they are in, by using whispering, clarification, and exaggerated intonation [8].

Although it has been reported that children around 3 years of age can manipulate register by

using phonological features of infant-directed speech (IDS; e.g., clarification) to their 1- or

2-year-old siblings, this has been observed in limited situations, such as prohibiting and direct-

ing in play [9,10]. Experimental studies using role-playing have shown that children’s use of

register develops as they grow. By around 6 years of age, they can change lexical and morpho-

syntactic features (e.g., discourse markers, polite expressions) and use several registers, includ-

ing IDS and adult-directed speech (ADS), appropriately and consistently depending on their

listeners and the social situation [11–13]. Therefore, acquisition of the appropriate use of a reg-

ister appears to require a long time in terms of development.

On the other hand, the comprehension of linguistic registers depending on the listener

slightly precedes the use of it. Wagner, Greene-Havas, and Gillespie (2010) showed that

English-speaking 5-year-olds were able to guess the listener’s social status based on the register,

but 3- to 4-year-olds had more difficulty [14]. This has been confirmed in Japanese-speaking

4- to 6-year-old children [15]. However, when the speaker-listener relationship was clarified

by adding social cues (e.g., the speaker’s age group), even English-speaking 3-year-olds were

able to identify listeners based on the register. In addition, Spanish-speaking children, who are

given more linguistic cues (e.g., pronoun choice) than English-speaking children, were better

than English-speaking children at identifying listeners based on the register, and even 3-year-

olds were able to do this [16]. These studies suggest that the presence of social and linguistic

cues may lead younger children to successfully identify register.

Wagner et al. (2010) [14] suggested that there are three requirements for children’s mastery

of register. The first is recognition of the acoustic, lexical, and syntactic characteristics of lan-

guage that signal register. Previous studies have shown that 2-day-old infants can distinguish

their native language from a foreign language [17–20], and infants below one month of age

can also distinguish IDS from ADS [21–24]. The second prerequisite is knowledge of the status

of the listener and the relationships between speakers and listeners, or speakers and the occa-

sion, that determine the social situation. Infants have shown sensitivity to social categories that

may provide cues to such relationships. For example, 14-month-olds change their imitations

depending on the model’s age [25,26], 6- to 12-month-olds distinguish race [27,28], and 3- to

4-month-olds distinguish gender [29]. The third requirement for the mastery of register is
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proper associations between language characteristics and social situations. Recent studies have

shown that younger children have some understanding of the relationships between speakers

and languages: 6-month-olds associate other-race faces with a non-native language [30]. Fur-

thermore, 20-month-olds find it unsurprising that people cannot communicate when their

native languages are different [31]. These studies suggest that infants under 2 years of age

already understand that people in different linguistic areas speak different languages and that

the relationship between language, speaker and listener is important in communication. In

other words, infants below the age of 2 years are likely to understand the relationship between

language characteristics and social categories exemplified by a speaker.

In the present study, we asked if toddlers under 2 years of age understand that one person

can speak in different ways based on the situation, even in the same language. More specifi-

cally, we examined whether 20-month-old toddlers can understand the appropriate relation-

ship between register and the listener. Because the age range between 17 and 19 months is the

approximate period at which a vocabulary spurt occurs, and speaking in two-word utterances

begins at 2 years of age [32,33], the amount of linguistic communication increases dramatically

at this age, and learning of the communication rules should become more important. Thus,

examining the understanding of register before the age of 2 should reveal the developmental

pathway of register acquisition and contribute to our knowledge of the development of com-

municative competence [34,35].

In Experiment 1, we examined whether Japanese-speaking 20-month-olds understand the

individual associations of linguistic registers by testing their expectations that a person would

belong to a specific age group based on the register. In Experiments 2 and 3, we tested toddlers’

more abstract understanding of register by examining the factors that they consider to be

important determinants of speech change.

We chose to test IDS and formal ADS. IDS, the register used when talking to infants,

includes several characteristic features, such as higher and greater variability in pitch, length-

ening of vowels and pauses, specific words used only for infants (e.g., doggy), and shorter and

less complex utterances compared to ADS [6]. An additional feature of Japanese IDS is case

marker omission [36–38]. However, we need to keep in mind that recent studies have reported

that some characteristics of IDS, such as pitch and speech rate, are highly variable between

individuals [39]. ADS is the register used when talking to adults. We speak formally to people

whom we are meeting for the first time or who have higher status or are more senior than us.

For example, an English speaker may say “Can you~?” to friends but “Could you~?” to

acquaintances, and Japanese speakers use words or phrases categorized as honorifics, humble

and polite expressions that are markers of formality and respect to the listener [40]. Thus, the

two registers of IDS and formal ADS differ in acoustic, lexical, and syntactic characteristics.

We chose these registers for two reasons. Firstly, preschoolers have been shown to be sensitive

to these, and formal ADS is easier for them to understand than casual ADS [14,16]. Secondly,

toddlers may be sensitive to IDS because they often hear it in their everyday lives, and they begin

to use an IDS-like register from relatively early in childhood [9,10]. We studied 20-month-olds

because they already understand the relationships between speakers and languages [31].

Experiment 1

The purpose of Experiment 1 is to examine whether toddlers make particular assumptions

about the relationship between register (IDS and formal ADS) and the listener. We used the

violation-of-expectation method based on toddlers’ looking time to expected and unexpected

events as an index to examine whether toddlers expect a listener to belong to a specific age

group according to a speaker’s use of IDS or formal ADS.

Sensitivity to linguistic register in 20-month-olds
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When we follow sociolinguistic rules, IDS is considered to be speech directed at infants,

while formal ADS is speech directed at a higher ranking person or people to whom we should

show respect [41,42]. Thus, if 20-month-olds are aware of this register-listener relationship,

their looking time will be longer in situations that violate the rule. That is, they will look longer

when an adult is talked to using IDS than when an infant is talked to using IDS, and when an

infant is talked to using formal ADS than when an adult is talked to using formal ADS.

Materials and methods

Participants. All experiments were conducted in either Kyoto University or NTT Commu-

nication Science Labs from 11 August 2014 to 30 November 2015 and were approved by the

ethics review boards of Unit for Advanced Studies of the Human Mind, Kyoto University

(26-P-26). Participants’ native language was Japanese, and they lived in the Kansai region of

Japan. We obtained written informed consent from the parents of toddlers after an explanation

of the content and methods of the study were provided. Participants received a small monetary

reward. Also, the individuals and their parents/guardians in this manuscript have given written

informed consent (as outlined in the PLOS consent form) to publish these case details.

Experiment 1 was conducted at Kyoto University. Sixteen 20-month-olds (M = 1;8:0;

range = 1;7:13–1;8:14) who were registered with the Kyoto University Infant Research Fellow

Program participated in Experiment 1. An additional 3 toddlers participated in the study but

were excluded from analysis because of fussiness and inattention.

Stimuli. Using Adobe After Effect (Adobe Creative Suite 5 Production Premium), we pre-

pared 8 test movies, in which 2 persons, one speaker, and one listener, appeared at the same

time. The speaker and listener were selected from 4 people: 2 Japanese women were speakers

and a woman, and a 15-month-old girl were listeners. The movies consisted of 3 phases (Fig

1). In the first phase, the speaker faced the listener and spoke in IDS or formal ADS, but the lis-

tener was hidden from the participant behind a black screen. During this phase, the speaker

gave a greeting and asked the listener’s name (10sec; IDS: “Konnichiwa, Kyo wa kokomade

kitekurete arigato. Onamae oshietekurerukana?” [Hi, thanks for coming today. What’s your

Fig 1. An example of stimulus presentation in test trials of Experiment 1. “IDS” indicates infant-directed speech

and “ADS” indicates formal adult-directed speech. All toddlers participated in the pretest trials and two test

conditions. After the pretest trials, ADS and IDS conditions were presented in semi-random order, such that the same

register was not presented on more than 2 consecutive trials. In ADS/IDS conditions, after toddlers were shown that

the speaker was talking to someone in IDS or ADS (10 sec), the black screen hid the speaker and the listener (infant or

the adult) appeared.

https://doi.org/10.1371/journal.pone.0195214.g001
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name?]; formal ADS: “Konnitiwa. Honjitsu wa kokomade okoshikudasari arigatougozaimasu.

Onamae o oshiete itadakemasudesyouka?” [Hello, I appreciate your attendance today. Could

you give me your name, please?]). The utterances in the two registers had different acoustic

features: mean pitch was higher for IDS (M = 341.83 Hz) than for formal ADS (M = 291.63

Hz), pitch range was larger for IDS (M = 324.61 Hz) than for ADS (M = 275.59 Hz), and mean

speech rate per mora was longer for IDS (M = 0.17 sec) than for formal ADS (M = 0.13 sec). In

addition, IDS included case marker omission, a characteristic of Japanese IDS [36–38], and

formal ADS involved humble and formal expressions, markers of formality and respect to the

listener [40]. In the second phase, the black screen was moved to reveal the listener just after it

moved to hide the speaker (2 sec). In the final phase, the speaker was hidden by the black

screen and only the listener was visible. The position of the speaker and the listener in the

movies was counterbalanced between participants. A total of 8 movies were constructed by

exchanging the positions of the speaker and the listener and by changing the combinations of

speaker and the listener and speaker and the linguistic register. In addition to the movies for

the test trials, we created movies for the pretest trials. These comprised the final phase of the

test trial movies, that is, the cuts of the listeners only.

Procedure. The toddlers sat on their mothers’ laps or alone on a chair at a 70 cm distance

from a 32-inch display (SONY KDL-32HVX). Stimulus presentation was controlled by Power-

Point (Microsoft); each stimulus was 25 cm × 34.5 cm in size on the display.

There were 2 pretest trials and 4 test trials. After the participant looked away from the

screen for more than 2 sec, the next trial started. In the pretest trials, the toddlers were shown

the infant or the adult listener in the final phase of the test trials to ensure visual preference

toward each listener. By conducting the pretest trials, we intended to exclude the possibility

that any difference in looking time in the test trials would be derived from a default preference

for one listener. In the test trials, toddlers were shown 2 movies in each of the two register con-

ditions: ADS condition: formal ADS to the infant/ formal ADS to the adult; IDS condition:

IDS to the infant/ IDS to the adult). The speaker of each register was fixed, and the presenta-

tion order was managed so that the same register was not presented twice in a row. The experi-

ments were recorded, and toddlers’ looking times were calculated offline by a first coder. In

order to confirm inter-rater reliability, 25% of all responses were re-coded offline and under

silent conditions by a second coder who was naïve to the hypothesis. The Pearson-product

moment correlations of the first coder’s coding ranged from .99 to 1.00, with a mean of .99.

Statistical analyses were conducted using R (version 3.3.3).

Results

First, we analyzed the looking times of the pretest trials. The toddlers’ looking time to the

infants was 10.63 sec (SD 5.60) and their looking time to the adult was 10.94 sec (SD 6.88). A

paired t-test found no significant difference in looking times between the infant listener and

the adult listener, t (15) = .22, p = .827, d = .06. This indicated that the toddlers did not differ

in their default looking times to the adult or infant listener.

In the main analysis, a 2 (condition: ADS, IDS) × 2 (listener: infant, adult) ANOVA revealed

a significant interaction between condition and listener, F(1, 15) = 27.46, p = .0001, ηp
2 = .65,

but no significant main effects of condition, F(1, 15) = .46, p = .510, ηp
2 = .03, or listener, F(1,

15) = .62, p = .443, ηp
2 = .04. An analysis of simple main effects in the IDS condition revealed

that toddlers looked significantly longer at the adult than at the infant (Shaffer, p = .008) while

there were no significant differences in the ADS condition (p = .102). Furthermore, toddlers

looked significantly longer at the movie in which the adult was talked to in IDS versus ADS (p =

Sensitivity to linguistic register in 20-month-olds
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.021) while there were no significant differences when the infant was talked in ADS and IDS

(p = 0.151) (Fig 2 and S1 Data).

Discussion

The results of the test trials suggest that 20-month-olds were partially successful in understand-

ing adult sociolinguistic rules. The 20-month-olds looked longer at the listeners when the

speakers spoke in IDS to adults compared to when they spoke in IDS to infants. However,

20-month-olds’ looking time did not differ when the speakers spoke ADS to infants and to

adults. This suggests 20-month-olds thought that speaking IDS to adults was strange, whereas

they did not think that it was strange to speak formal ADS to infants. These results cannot be

explained by a simple visual preference for the listener because the results of the pretest trials

revealed that the toddlers showed no preference between the infant and the adult. Therefore,

knowledge about the relationship between a specific register and the listener is still immature

although 20-month-olds have begun to understand this.

Experiment 2

The results of Experiment 1 suggest that 20-month-olds have begun to grasp some register-lis-

tener relationships. In Experiment 2, we tested toddlers’ more abstract understanding of regis-

ter. Specifically, we examined the factors that toddlers consider to be determinants of speech

change. To examine whether toddlers under 2 years of age understand register change based

on listeners, not on speakers, we used an infant-controlled habituation paradigm with a switch

design [43–46]. This method makes it possible to isolate the factors that the toddlers associated

with the register. After being habituated to two different movies in which an adult talks to an

infant in IDS and an adult in formal ADS, the toddlers were given 4 test trials. The first was a

baseline trial in which they saw the same movie as in the habituation phase. In the other test

trials, either the register, the speaker, or the listener in the baseline movie switched to that of

another of the habituation movies. From the standpoint of appropriate register use, the change

of speaker followed the sociolinguistic rule, while the changes of register and listener did not.

If toddlers associate registers with the listener, their looking time should be longer in the

Fig 2. Mean looking times of ADS, and IDS condition in Experiment 1. Error bars indicate standard errors. �� p<
.01.

https://doi.org/10.1371/journal.pone.0195214.g002
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register-change and listener-change condition than in the baseline condition and should show

no difference between the speaker-change and the baseline conditions. If toddlers associate

registers with the speaker, their looking time should be longer in the register-change and

speaker-change conditions than in the baseline condition and should show no differences

between the listener-change and the baseline conditions. If they ignore the register and associ-

ate the listener with the speaker, their looking time should be longer in the listener-change and

speaker-change conditions than in the baseline condition and should show no differences

between the register-change and the baseline conditions. And if they associate the register,

speaker, and listener, their looking times should be longer in the register-, listener-, and

speaker-change conditions than in the baseline condition.

Methods

Participants. Experiment 2 was conducted at Kyoto University. Another 16 20-month-

olds (M = 1;7:29; range = 1;7:23–1;8:16) were recruited in the same manner as in Experiment

1. Twelve other toddlers participated in the study but were excluded from analysis because of

fussiness and inattention (3), spontaneous recovery (6), and technical error (3).

Stimuli. One movie was prepared for pre- and post-tests. In the movie, one Japanese-

speaking man faced the camera and waved his hand, then spoke to the toddler. For the main

test, we presented the 8 movies, which were the same as the first phase of Experiment 1 except

for three points. First, the listener was not hidden by a black screen and was visible to the par-

ticipants. Second, the colors of clothes changed to grayscale because a preliminary experiment

showed that vivid colors were too attractive for toddlers and weakened their attention to the

utterances. Third, the lines that the speakers uttered were shortened (7 sec; IDS: “Hajimema-

shite, Konnichiwa. Onamae oshietekurerukana?” [Hi, nice to meet you. What’s your name?];

formal ADS: “Ohatsu ni ome ni kakarimasu. Onamae o oshiete itadakemasudesyouka?” [It’s a

pleasure to meet you. Could you give me your name, please?]). Acoustic features of the utter-

ances are as below: mean pitch was higher for IDS (M = 342.71 Hz) than for formal ADS

(M = 313.38 Hz), pitch range was larger for IDS (M = 338.01 Hz) than for ADS (M = 257.74

Hz), and mean speech rate per mora was longer for IDS (M = 0.19 sec) than for formal ADS

(M = 0.13 sec). The position of the speaker and the listener were counterbalanced between par-

ticipants. All movies were 7.0 sec in duration.

Procedure. The toddlers sat on their mothers’ laps or alone on the chair 70 cm away from

the 32-inch monitor (SONY KDL-32HVX). We used an infant-controlled habituation para-

digm with a switch design [46]. The presentation of the movies (each 24 cm × 32 cm on the

display) was controlled by the Habit X program [47]. The use of this software made it possible

for a first coder to calculate toddlers’ looking times online and to automatically initiate test tri-

als based on the predetermined criterion of their looking times during habituation.

The presentation sequence is illustrated in Fig 3. In the habituation phase, toddlers were

shown two different movies in which an adult talked to an infant in IDS and an adult in formal

ADS. The combination of the register, listener, and the speaker was fixed during habituation,

and the presentation order of the two movies was counterbalanced between participants. When

total looking times on the most recent 3 consecutive trials fell below 50% of the total looking

times on the first 3 trials or the number of trials reached 20, the test trials began. Toddlers were

given 4 test trials. The movie of the baseline trial was identical to one of the habituation phases.

On the other trials, the register, speaker, or listener paired with the baseline trial was switched.

That is, in the register-change condition, while the combination of speaker and listener was the

same as in the baseline condition, the register was switched from the baseline condition. Simi-

larly, in the speaker-change condition, the combination of register and listener was the same as

Sensitivity to linguistic register in 20-month-olds
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the baseline condition, but the speaker differed from the baseline condition. In the listener-

change condition, the combination of register and speaker remained the same as the baseline

condition, but the listener was switched. Thus, there were two presentation patterns based on

the baseline trial. The order of the test trials was counterbalanced between participants,

although the register change condition was fixed as the second trial. A trial continued until the

toddlers look away from the display for more than 1 sec or the movie repeated 4 times (i.e., a

maximum of 28 sec). Before the habituation phase and after the test phase, toddlers received

pre-test and post-test trials to confirm whether or not the decrease of looking time during the

test phase was due to fatigue. An attention-getter movie was also presented between trials.

Analysis. In a preliminary analysis, we made the following decisions about including or

excluding data for the main analysis: (1) When the toddlers looked at the movie during the

post-test for less than 25% of their looking time at the pre-test, they were regarded as being tired

and excluded from analysis. (2) If the number of habituation trials reached 20 and the test trials

began before the habituation criterion was reached, this was regarded as a failure to habituate,

and the data were excluded from analysis. (3) If the toddlers’ average looking time on the most

recent consecutive 2 trials and baseline test become over 50% of the total looking time on the

Fig 3. Examples of stimulus presentation in Experiment 2 and 3. During the habituation phase, the toddlers were shown two movies in semi-random order, with the

same movie not occurring on more than 3 consecutive trials. After their looking time reached the habituation criterion, the test phase began, in which the toddlers

were shown 4 movies. The 2 presentation patterns in the test phase differed depending on the baseline condition.

https://doi.org/10.1371/journal.pone.0195214.g003
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first 3 trials, this was regarded as spontaneous recovery, and the data were excluded from analy-

sis. The main analysis was conducted using looking time in the test phase. A second coder re-

coded 25% of all responses, as described in Experiment 1. The Pearson-product moment corre-

lations of the first coder’s coding ranged from .92 to 1.00, with a mean of .97.

Results

The mean number of habituation trials was 12.19 (SD 4.81). To examine the effect of fatigue,

we compared looking times at pre-test and post-test and looking times on the last habituation

trial and post-test (Table 1). A paired t-test showed no difference between pre- and post-test, t
(15) = 1.35, p = .20, d = .35, but looking time on the last habituation trial was significantly

shorter than that at post-test, t (15) = -14.95, p< .001, d = 3.86. Thus, the decrease in looking

time was not due to fatigue but to habituation.

A 2 (baseline condition: IDS to the infant, ADS to the adult) × 2 (order: speaker change first,

listener change first) × 4 (test trials: baseline, register change, speaker change, listener change)

ANOVA yielded a significant main effect of test trials, F(3, 36) = 4.86, p = .006, ηp
2 = .29. There

were no other main effects and interactions. Multiple comparisons of test trials showed that the

toddlers looked significantly longer at the register-change and listener-change conditions than at

the baseline condition (Shaffer, register-change: p = .032; listener-change: p = .016), while there

was no significant difference between the baseline and the speaker-change conditions (p = .259)

(Fig 4A and S1 Data).

Discussion

The results of Experiment 2 showed that 20-month-old toddlers dishabituated in the register-

and listener-change conditions but not in the speaker-change condition, suggesting that they

associated register with the listener, but not with the speaker. These findings appear to indicate

that 20-month-olds understand that changes in register between IDS and formal ADS depend

on listeners.

Table 1. Mean (SD) looking times at pre- and post-test and on last habituation trial in Experiments 2 and 3.

Pre-test Post-test Last habituation trial

Experiment 2 26.47 (4.01) 25.32 (4.91) 5.66 (2.27)

Experiment 3 27.1 (2.40) 24.59 (6.84) 4.56 (2.93)

https://doi.org/10.1371/journal.pone.0195214.t001

Fig 4. Mean looking times to baseline, register-, speaker-, and listener-change conditions in Experiment 2 (a) and

3 (b). Error bars indicate standard errors. � p< .05, �� p< .01.

https://doi.org/10.1371/journal.pone.0195214.g004
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However, there are other possible interpretations of these results. One possibility is that the

difference in looking times was derived from IDS preference, because infants generally prefer

IDS to ADS [48,49]. In order to exclude this possibility of an effect of IDS preference, we

focused on toddlers’ looking time to IDS and ADS. We selected the toddlers’ looking times to

speaker- and listener-change conditions to conduct a 2 (baseline condition: IDS to the infant,

ADS to the adult) × 2 (order: speaker change first, listener change first) × 2 (register: ADS,

IDS) ANOVA. We found no main effects or interactions, suggesting that the results did not

reflect an IDS preference in the toddlers.

A comparison of the results of Experiments 1 and 2 suggests that there is a contradiction.

That is, although the toddlers in Experiment 2 succeeded in demonstrating an appropriate

understanding of the register-listener relationship, the toddlers in Experiment 1 failed to do

this. This contradiction may be explained by the difference in the duration of stimuli presenta-

tions before the test trials. The toddlers in Experiment 2 were presented with the habituation

stimuli repeatedly, while the toddlers in Experiment 1 were shown the test stimuli without

habituation. Thus, it may have been easier for the toddlers in Experiment 2 than for those in

Experiment 1 to figure out the rule of the register that they had to use. On the other hand, the

toddlers in Experiment 1 failed to use the rule because their understanding of individual rules

of the register, especially the association between formal ADS and adult listeners, might not

have been robustly developed. However, this gives another possible interpretation the results.

That is, the toddlers may not have responded correctly to the switched movies based on an

acquired understanding of a register, but rather, they may have learned the abstract rule (i.e.,

register change based on the listeners) or a specific rule during the habituation phase (e.g., the

girl should be spoken to in IDS). We conducted Experiment 3 to exclude this possibility.

Experiment 3

To exclude the possibility that the toddlers learned the abstract rule during the habituation

phase, toddlers in Experiment 3 were presented with movies in which the combinations of reg-

isters and listeners were switched. Four test movies were presented similar to Experiment 2,

after the toddlers were sufficiently habituated. If toddlers had learned the register-listener rule

during the habituation phase, it was expected that their looking patterns would be identical to

those in Experiment 2. However, if they had learned certain other rules, their looking times

were expected to be longer for these other patterns compared to the result of Experiment 2. If

they had learned associations among the register, speaker, and listener, their looking times

were expected to be longer in the register-, listener-, and speaker-change conditions than in

the baseline condition. If they had learned associations between the listener and the speaker,

their looking times were expected to be longer in the listener-change and speaker-change con-

ditions than in the baseline condition, and they were expected to show no differences between

the register-change and baseline conditions. Moreover, if toddlers’ looking time were longer in

the register-change and speaker-change conditions than in the baseline condition, and they

also display no differences between the listener-change and baseline conditions, this would

suggest two learning possibilities: toddlers learned the associations between the register and

the speaker; or because they heard another version of ADS and IDS in the register-change and

speaker-change conditions, they only learned acoustic stimuli that they did not hear during

the habituation phase. Thus, if the looking time for one of the register- and speaker-change

conditions were longer than the baseline condition, it would indicate that toddlers only

learned ADS or IDS presented during the habituation phase. However, if only the looking

time for the listener-change condition were longer than the baseline condition, this might

reflect toddlers’ preference for the listener, but not indicate learning because there was no
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element of learning. Moreover, if their looking time showed no significant differences between

the baseline and other test conditions, this would suggest that they did not learn any rule in the

habituation phase.

Methods

Participants. Experiment 3 was conducted in NTT Communication Science Labs. Sixteen

20-month-olds (M = 1;7:24; range = 1;7:0–1;8:24) who were recruited by NTT Communica-

tion Science Labs participated. Six additional toddlers participated but were excluded from

analysis because of fussiness and inattention (4), spontaneous recovery (1), and failure to

habituate (1).

Stimuli. Stimulus movies were the same as those used in Experiment 2.

Procedure. The procedures were the same as those in Experiment 2 except that the stimuli

were presented on a 19-inch monitor (Mitsubishi RDT19IS) and an inconsistent combination

(i.e., talking to the infant in formal ADS and talking to the adult in IDS) was used during the

habituation phase (Fig 3). A second coder re-coded 25% of all responses, as described in the

previous experiments. The Pearson-product moment correlations of the online coding ranged

from .94 to 1.00, with a mean of .98.

Results

The mean number of habituation trials was 8.31 (SD 3.18). As in Experiment 2, we examined

the effect of fatigue by comparing looking times of pre- and post-test and looking times on the

last habituation trial and post-test. Paired t-tests again showed no difference between pre- and

post-test, t (15) = 1.85, p = .08, d = 0.48, and significantly shorter looking times on the last

habituation trial than on the post-test, t (15) = -10.49, p< .001, d = 2.71, indicating that the

decrease in looking time was due to habituation rather than fatigue.

A 2 (baseline condition: IDS to the adult, ADS to the infant) × 2 (order: speaker change

first, listener change first) × 4 (test trials: baseline, register change, speaker change, listener

change) ANOVA yielded a significant main effect of test trials, F(3, 36) = 6.68, p = .001, ηp
2

= .36 and a significant interaction between baseline condition and test trials, F(3, 36) = 3.20,

p = .035, ηp
2 = 0.21. An examination of simple main effects of baseline condition on test tri-

als revealed that baseline condition affected the looking times in test trials (IDS to the adult:

F (3, 18) = 4.72, p = .013, ηp
2 = 0.44; ADS to the infant: F (3, 18) = 5.18, p = .009, ηp

2 = 0.46).

Multiple comparisons revealed that the toddlers who were shown the stimuli in which the

adult spoke IDS to the adult at baseline condition looked significantly longer at the speaker-

change condition than at the baseline (p = 0.027), while the toddlers who were shown the

stimuli in which the adult spoke ADS to the infant at baseline condition looked marginally

longer at the register-change condition than at the baseline condition (p = .053) (Fig 4B and

S1 Data).

Discussion

The looking pattern in Experiment 3 differed from that in Experiment 2, suggesting that the

participants failed to learn the rule of register and listener during the habituation phase. There

was a significant interaction between the baseline condition and the test trials in Experiment 3,

suggesting that the toddlers appear to have learned something during the habituation phase

because they dishabituated in particular test trials. The toddlers that saw the speaker using IDS

to the adult in the baseline condition dishabituated in the speaker-change condition; whereas

the toddlers that saw the speaker using ADS to the infant in the baseline condition dishabitu-

ated in the register-change condition. Therefore, the toddlers in the two conditions seem to
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have learned different things, but what they learned was similar in that they dishabituated

when presented with another version of IDS that they did not hear during the habituation

phase. Thus, we inferred that they learned only IDS presented during the habituation phase.

Taken together, the results of Experiment 3 suggest that although toddlers could learn some-

thing from the habituation phase, they could not learn the association between the register and

the listener in the short time. Given that toddlers did not learn the rule regarding the register

and the listener in Experiment 3, it is reasonable to assume that their looking pattern in Exper-

iment 2 was caused by pre-acquired knowledge about registers. The results of Experiments 2

and 3 thus suggest that 20-month-old toddlers may already possess an abstract understanding

of register; specifically, that a change in register depends on the listener, not on the speaker.

General discussion

To elucidate the developmental process of register acquisition, one of the important topics in

child development, we focused on IDS and formal ADS to examine whether toddlers under 2

years of age understand the relationship between the register and the listener. In Experiment 1,

we found that 20-month-olds considered it irregular for people to speak IDS to adults, but

they did not find it irregular for people to speak to infants in formal ADS. That is, although

they expected that IDS would be spoken to infants, they thought that infants are not always

spoken to in IDS. In Experiments 2, we demonstrated that 20-month-old toddlers associated a

register with the listener and not with the speaker, suggesting that they understood that the

register changes depend on the listeners, and not on the speakers. Experiment 3 supported the

conclusion that the results of Experiment 2 reflected the toddlers’ already-acquired knowledge

about the register, and demonstrated that it is difficult for toddlers to learn the register rules in

the short time such as during the habituation phase. Additionally, our results indirectly indi-

cate the possibility that 20-month-olds distinguish register from dialect because they do not

associate register with the speaker. The present study thus provides the first evidence that

20-month-olds learn communication rules such as register, although their understanding is

immature in the sense that they have not completely learned appropriate register-listener asso-

ciations. Previous studies examined children over 3 years of age using more demanding tasks

that required a certain level of language [14,16]. Thus, the present study extends these findings

to show that the understanding of register begins at a younger age.

This study also revealed an asymmetry in understanding the register of IDS and formal

ADS in toddlers. That is, for toddlers, talking to adults in IDS is strange, but talking to infants

in formal ADS is not strange. Why is there such a difference? One possibility is that asymmetry

might have occurred because of differences in the frequency of encountering dialogue situa-

tions, especially because it is not very unusual to speak to infants in ADS. Not all adults are

accustomed to speaking IDS, and some caregivers avoid speaking IDS to their children. In

other words, although it is rare to encounter a situation in which adults are spoken to in IDS,

it may be less rare to encounter a situation in which toddlers are spoken to in ADS. Consider-

ing that eavesdropping on other people’s conversations may be the source of the learning of

register [14], it is plausible that the difference in frequency of encountering dialogue situations

affects children’s understanding of register. In addition, while most toddlers regarded talking

to toddlers in formal ADS as not strange, there were others who did regard talking to toddlers

in formal ADS as strange. Identifying differences in the language environments of individual

toddlers may be helpful in clarifying the learning source of register and the developmental tra-

jectory of register acquisition.

Another possibility is that toddlers attend more to IDS and attend less to ADS. Many stud-

ies have demonstrated that infants prefer to listen to IDS than ADS [6]. Moreover, the result of
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Experiment 3 showed that toddlers learn IDS, but not ADS. Therefore, it is possible that atten-

tion allocation of infants’ is asymmetrical. As a result, there may be a time lag in learning the

rules of each register.

The toddlers in Experiment 1 failed to use the rule of association between formal ADS and

an adult listener. However, the toddlers in Experiment 2 and 3 showed that they already have

more abstract knowledge. That is, the toddlers understood the rule that register changes

depend on listeners and not on speakers. The result of Experiment 3 demonstrated a certain

learning effect. Therefore, it is possible to conclude that the association between formal ADS

and adult listeners became clearer and robust by repeated stimuli presentation in Experiment

2. There are more specific rules than abstract rules, and therefore, it is plausible that there is a

time lag in understanding. Moreover, it is not strange that understanding abstract rules is

slower than understanding specific rules.

One limitation of this study is that we could not identify the elements of IDS or formal ADS

that toddlers associated with a register because we used stimuli having acoustic, lexical and sta-

tistic characteristics. In the development of understanding register, we should remember that

children might learn acoustic modification first, and lexical and syntactic modifications next,

as proposed by Anderson (1999) [50]. Given previous evidence that IDS preference in

4-month-olds is determined by pitch range [51], it is possible that 20-month-olds associate a

certain acoustic characteristic with IDS. However, it is also possible that younger children

notice lexical and statistical characteristics of the register. Previous studies reported that 2- to

3-year-olds use more diminutives (e.g., Kay-Kay for Kate), which is one type of words used in

IDS [9] and 3- to 5-year-olds use have a shorter mean length of utterance (MLU) when they

talk to infants [10]. Considering that understanding of register precedes its production, the

association of lexical and statistical modification with register may begin a bit earlier than 2 to

3 years. Uncovering this issue will help us to understand the acquisition of register.

As mentioned in the introduction, around 2 years of age is the period when toddlers’ lan-

guage skills develop dramatically. Toddlers in this period become able to speculate referents of

unknown words accurately using function words [52] and trivial linguistic cues such as fluency

[53]. Moreover, they become able to learn words in complex situations such as adults’ conver-

sations [54]. With these cognitive developments and this expansion of learning opportunities,

toddlers experience a vocabulary spurt, and their syntactic skill also develops [32,33]. Evidence

from this and previous studies suggests that toddlers around 2 years old seem to be learning

not only lexicon and syntax but also communication rules such as register in order to commu-

nicate with other people. It means that they also realize that a speech act involves more than a

simple exchange of information. Incomprehension of lexicon and syntax can cause a failure of

communication, whereas incomprehension of register does not. Therefore, it is surprising that

toddlers pay attention to such rules during the early stages of acquiring a lexicon and syntax.

The present results suggest a number of possibilities for future studies. First, it is necessary to

manipulate the speaker and change the relationship between the speaker and the listener.

Although our study manipulated only the listener, register use changes based on the relation-

ship between the speaker and the listener. That is, a speaker speaks in various ways, but a lis-

tener is also spoken to in various ways, depending on his or her relationship with the speaker.

Thus, it is necessary to manipulate the relationship between the listener and speakers of differ-

ent status. Second, it would be valuable to examine children’s understanding of other registers,

such as casual ADS, foreigner talk that is used to a beginner of the language, and the manner of

speaking used by a person in authority to subordinates. Third, as they grow, children develop

not only their language skills but also other aspects of cognitive ability, such as context sensitiv-

ity and cognitive flexibility. Thus, examining the interaction between the understanding of reg-

ister and other abilities may reveal other aspects of the process of learning register. Additionally,
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it is also interesting to clear differences and similarities between register change in one language

and code-switching, which is a shift among several languages based on listeners and situations.

In summary, we found that even toddlers under 20 months of age understand that people

change their way of speaking depending on the listener. However, their understanding of the

relationship between register and listener is immature, and more time is needed for them to

fully understand the appropriate use of a register. That is, 20-month-old toddlers understand

that there are sociolinguistic rules of dialogue before they learn linguistic markers of registers

and appropriate combinations of register and listener.

Supporting information

S1 Data. Individual data of looking times during test phase, pre- and post-test, and last

habituation trial, and number of habituation trials in each experiment.

(XLSX)

S1 Supporting information.

(DOCX)

Acknowledgments

We thank N. Fujihara for her help in conducting this study, A. Sato for her help in data coding,

and Y. Okumura for providing beneficial comments on our paper, Y. Wang, Y. Suk and TEXT

(www.text-edit.com) for proofing English of the manuscript.

Author Contributions

Conceptualization: Ayaka Ikeda, Tessei Kobayashi, Shoji Itakura.

Data curation: Ayaka Ikeda.

Formal analysis: Ayaka Ikeda.

Funding acquisition: Ayaka Ikeda, Shoji Itakura.

Investigation: Ayaka Ikeda.

Methodology: Ayaka Ikeda, Tessei Kobayashi, Shoji Itakura.

Project administration: Ayaka Ikeda.

Resources: Ayaka Ikeda, Tessei Kobayashi, Shoji Itakura.

Supervision: Tessei Kobayashi, Shoji Itakura.

Validation: Ayaka Ikeda.

Visualization: Ayaka Ikeda.

Writing – original draft: Ayaka Ikeda.

Writing – review & editing: Ayaka Ikeda, Tessei Kobayashi, Shoji Itakura.

References
1. Mast MS, Hall JA (2004) Who is the boss and who is not? Accuracy of judging status. Journal of Nonver-

bal Behavior 28: 145–165. https://doi.org/10.1023/B:JONB.0000039647.94190.21

2. Shariff AF, Tracy JL, Markusoff JL (2012) (Implicitly) judging a book by its cover: The power of pride and

shame expressions in shaping judgments of social status. Personality and Social Psychology Bulletin

38: 1178–1193. https://doi.org/10.1177/0146167212446834 PMID: 22611053

Sensitivity to linguistic register in 20-month-olds

PLOS ONE | https://doi.org/10.1371/journal.pone.0195214 April 9, 2018 14 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0195214.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0195214.s002
http://www.text-edit.com/
https://doi.org/10.1023/B:JONB.0000039647.94190.21
https://doi.org/10.1177/0146167212446834
http://www.ncbi.nlm.nih.gov/pubmed/22611053
https://doi.org/10.1371/journal.pone.0195214


3. Brey E, Shutts K (2015) Children use nonverbal cues to make inferences about social power. Child

Development 86: 276–286. https://doi.org/10.1111/cdev.12334 PMID: 25521913

4. Brown P, Levinson SC (2011) Politeness: Some universals in language usage (N. Tanaka, Trans.).

Tokyo: Kenkyusha. (Original work published in 1978, 1987).

5. Ferguson CA (1977) Baby talk as a simplified register. In Snow C, Ferguson C editors. Talking to chil-

dren: language input and acquisition. Cambridge: C.U.P. pp.209–235

6. Saint-Georges C, Chetouani M, Cassel R, Apicella F, Mahdhaoui A, Muratori F, . . . & Cohen D(2013)

Motherese in interaction: At the cross-road of emotion and cognition? (A systematic review). PloS one

8(10): e78103. https://doi.org/10.1371/journal.pone.0078103 PMID: 24205112

7. Hudson RA (1988) Sociolinguistics (Matsuyama M, Ikuta S Trans.). Tokyo: Miraisha. (Original work

published in 1980)

8. Weeks TE (1971) Speech registers in young children. Child Development 42: 1119–1131. https://doi.

org/10.2307/1127797 PMID: 5157107

9. Dunn J, Kendrick C (1982) The speech of two-and three-year-olds to infant siblings: “Baby talk” and the

context of communication. Journal of Child Language 9: 579–595. https://doi.org/10.1017/

S030500090000492X PMID: 7174758

10. Shatz M, Gelman R (1973) The development of communication skills: Modifications in the speech of

young children as a function of listener. Monographs of the Society for Research in Child Development

38: 1–38. https://doi.org/10.2307/1165783 PMID: 4764473

11. Sachs J, Devin J (1976) Young children’s use of age-appropriate speech styles in social interaction and

role-playing. Journal of Child Language 3: 81–98. https://doi.org/10.1017/S030500090000132X

12. Andersen ES (1986) The acquisition of register variation by Anglo-American children. In Schieffelin BB,

Och E, editors. Language socialization across cultures, Cambridge: C.U.P. pp.153–161.

13. Andersen ES, Brizuela M, DuPuy B, Gonnerman L (1999) Cross-linguistic evidence for the early acqui-

sition of discourse markers as register variables. Journal of Pragmatics 31: 1339–1351. https://doi.org/

10.1016/S0378-2166(98)00108-8

14. Wagner L, Greene-Havas M, Gillespie R (2010) Development in children’s comprehension of linguistic

register. Child Development 81: 1678–1686. https://doi.org/10.1111/j.1467-8624.2010.01502.x PMID:

21077856

15. Murase T (2012) Japanese children’s comprehension of linguistic register. Proceedings of the 76th

Annual Convention of the Japanese Psychological Association; 2012 Sep 11–13; Kanagawa, Japan.

p967.

16. Wagner L, Vega-Mendoza M, Van Horn S (2014) Social and linguistic cues facilitate children’s register

comprehension. First Language 34: 299–314. https://doi.org/10.1177/0142723714544413

17. Mehler J, Jusczyk P, Lambertz G, Halsted N, Bertoncini J, Amiel-Tison C (1988) A precursor of lan-

guage acquisition in young infants. Cognition 29: 143–178. https://doi.org/10.1016/0010-0277(88)

90035-2 PMID: 3168420

18. Moon C, Cooper RP, Fifer WP (1993) Two-day-olds prefer their native language. Infant Behavior and

Development 16: 495–500. https://doi.org/10.1016/0163-6383(93)80007-U

19. Rivera-Gaxiola M, Silva-Pereyra J, Kuhl PK (2005) Brain potentials to native and non-native speech

contrasts in 7-and 11-month-old American infants. Developmental science 8: 162–172. https://doi.org/

10.1111/j.1467-7687.2005.00403.x PMID: 15720374

20. Kinzler KD, Dupoux E, Spelke ES (2007) The native language of social cognition. Proceedings of the

National Academy of Sciences 104: 12577–12580. https://doi.org/10.1073/pnas.0705345104 PMID:

17640881

21. Fernald A (1985) Four-month-old infants prefer to listen to motherese. Infant Behavior and Develop-

ment 8: 181–195. https://doi.org/10.1016/S0163-6383(85)80005-9

22. Pegg JE, Werker JF, McLeod PJ (1992) Preference for infant-directed over adult-directed speech: Evi-

dence from 7-week-old infants. Infant Behavior and Development 15: 325–345. https://doi.org/10.

1016/0163-6383(92)80003-D

23. Cooper RP, Aslin RN(1990) Preference for infant-directed speech in the first month after birth. Child

Development 61: 1584–1595. https://doi.org/10.1111/j.1467-8624.1990.tb02885.x PMID: 2245748

24. Cooper RP, Aslin RN (1994) Developmental differences in infant attention to the spectral properties of

infant-directed speech. Child Development 65: 1663–1677. https://doi.org/10.1111/j.1467-8624.1994.

tb00841.x PMID: 7859548

25. Seehagen S, Herbert JS (2011) Infant imitation from televised peer and adult models. Infancy 16:

113–136. https://doi.org/10.1111/j.1532-7078.2010.00045.x

Sensitivity to linguistic register in 20-month-olds

PLOS ONE | https://doi.org/10.1371/journal.pone.0195214 April 9, 2018 15 / 17

https://doi.org/10.1111/cdev.12334
http://www.ncbi.nlm.nih.gov/pubmed/25521913
https://doi.org/10.1371/journal.pone.0078103
http://www.ncbi.nlm.nih.gov/pubmed/24205112
https://doi.org/10.2307/1127797
https://doi.org/10.2307/1127797
http://www.ncbi.nlm.nih.gov/pubmed/5157107
https://doi.org/10.1017/S030500090000492X
https://doi.org/10.1017/S030500090000492X
http://www.ncbi.nlm.nih.gov/pubmed/7174758
https://doi.org/10.2307/1165783
http://www.ncbi.nlm.nih.gov/pubmed/4764473
https://doi.org/10.1017/S030500090000132X
https://doi.org/10.1016/S0378-2166(98)00108-8
https://doi.org/10.1016/S0378-2166(98)00108-8
https://doi.org/10.1111/j.1467-8624.2010.01502.x
http://www.ncbi.nlm.nih.gov/pubmed/21077856
https://doi.org/10.1177/0142723714544413
https://doi.org/10.1016/0010-0277(88)90035-2
https://doi.org/10.1016/0010-0277(88)90035-2
http://www.ncbi.nlm.nih.gov/pubmed/3168420
https://doi.org/10.1016/0163-6383(93)80007-U
https://doi.org/10.1111/j.1467-7687.2005.00403.x
https://doi.org/10.1111/j.1467-7687.2005.00403.x
http://www.ncbi.nlm.nih.gov/pubmed/15720374
https://doi.org/10.1073/pnas.0705345104
http://www.ncbi.nlm.nih.gov/pubmed/17640881
https://doi.org/10.1016/S0163-6383(85)80005-9
https://doi.org/10.1016/0163-6383(92)80003-D
https://doi.org/10.1016/0163-6383(92)80003-D
https://doi.org/10.1111/j.1467-8624.1990.tb02885.x
http://www.ncbi.nlm.nih.gov/pubmed/2245748
https://doi.org/10.1111/j.1467-8624.1994.tb00841.x
https://doi.org/10.1111/j.1467-8624.1994.tb00841.x
http://www.ncbi.nlm.nih.gov/pubmed/7859548
https://doi.org/10.1111/j.1532-7078.2010.00045.x
https://doi.org/10.1371/journal.pone.0195214


26. Zmyj N, Aschersleben G, Prinz W, Daum M (2012) The peer model advantage in infants’ imitation of

familiar gestures performed by differently aged models. Frontiers in Psychology 3. https://doi.org/10.

3389/fpsyg.2012.00252 PMID: 22833732

27. Kelly DJ, Quinn PC, Slater AM, Lee K, Ge L, Pascalis O (2007) The other-race effect develops during

infancy: Evidence of perceptual narrowing. Psychological Science 18: 1084–1089. https://doi.org/10.

1111/j.1467-9280.2007.02029.x PMID: 18031416

28. Quinn PC, Uttley L, Lee K, Gibson A, Smith M, Slater AM, Pascalis O (2008) Infant preference for

female faces occurs for same-but not other-race faces. Journal of Neuropsychology 2: 15–26. https://

doi.org/10.1348/174866407X231029 PMID: 19334302

29. Quinn PC, Yahr J, Kuhn A, Slater AM, Pascalis O (2002) Representation of the gender of human faces

by infants: A preference for female. Perception 31: 1109–1121. https://doi.org/10.1068/p3331 PMID:

12375875

30. Uttley L, De Boisferon AH, Dupierrix E, Lee K, Quinn PC, Slater AM, Pascalis O (2013) Six-month-old

infants match other-race faces with a non-native language. International Journal of Behavioral Develop-

ment 37: 84–89. https://doi.org/10.1177/0165025412467583

31. Pitts CE, Onishi KH, Vouloumanos A (2015) Who can communicate with whom? Language experience

affects infants’ evaluation of others as monolingual or multilingual. Cognition 134: 185–192. https://doi.

org/10.1016/j.cognition.2014.10.003 PMID: 25460391

32. Nelson K (1973) Structure and strategy in learning to talk. Monographs of the society for research in

child development 38: 1–135. https://doi.org/10.2307/1165788

33. Inui T, Amano S, Kondo T, Katagiri S (2003) A study of word and sentence acquisition: quantitative

analysis of longitudinal data. Cognitive Studies 10: 304–317.

34. Hymes D (1967) Models of the interaction of language and social setting. Journal of Social Issues 23:

8–28. https://doi.org/10.1111/j.1540-4560.1967.tb00572.x

35. Canale M, Swain M (1980) Theoretical bases of communicative approaches to second language teach-

ing and testing. Applied Linguistics 1: 1–47.

36. Rispoli M (1991) The acquisition of verb subcategorization in a functionalist framework. First Language

11: 41–63. https://doi.org/10.1177/014272379101103103

37. Matsuo A, Kita S, Shinya Y, Wood GC, Naigles L (2012) Japanese two-year-olds use morphosyntax to

learn novel verb meanings. Journal of Child Language 39: 637–663. https://doi.org/10.1017/

S0305000911000213 PMID: 21910951

38. Ikeda A, Kobayashi T, Itakura S (2016) Omission of case markers in child-directed speech by Japa-

nese-speaking caretakers. Cognitive Studies 23: 8–21

39. Narayan C. R., & McDermott L. C. (2016). Speech rate and pitch characteristics of infant-directed

speech: Longitudinal and cross-linguistic observations. The Journal of the Acoustical Society of Amer-

ica, 139(3), 1272–1281. https://doi.org/10.1121/1.4944634 PMID: 27036263

40. Nakamura K (2001) The acquisition of polite language by Japanese children. In Nelson KE, Aksu-Koc

A, Johnson CE, editors. Children’s Language: Volume 10: Developing Narrative and Discourse Compe-

tence, East Sussex: Psychology Press. pp.93–112.

41. Agency of Cultural Affairs, Government of Japan (1974) Kotoba shiriizu 1: Keigo [Language series1:

Polite language]. Tokyo: Ministry of Finance Publishing. Japanese.

42. National Institute for Japanese Language and Linguistics (2008) Shin kotoba shiriizu 12: Watashitachi

to keigo [New language series12: Polite language and us]. Tokyo: Gyousei. Japanese.

43. Werker JF, Cohen LB, Lloyd VL, Casasola M, Stager CL (1998) Acquisition of word–object associations

by 14-month-old infants. Developmental Psychology 34: 1289–1309. https://doi.org/10.1037/0012-

1649.34.6.1289 PMID: 9823513

44. Casasola M, Cohen LB (2000) Infants’ association of linguistic labels with causal actions. Developmen-

tal Psychology 36: 155–168. https://doi.org/10.1037/0012-1649.36.2.155

45. Katerelos M, Poulin-Dubois D, Oshima-Takane Y (2011) A cross-linguistic study of word-mapping in

18-to 20-month-old infants. Infancy 16: 508–534. https://doi.org/10.1111/j.1532-7078.2010.00064.x

46. Oshima-Takane Y, Ariyama J, Kobayashi T, Katerelos M, Poulin-Dubois D (2011) Early verb learning in

20-month-old Japanese-speaking children. Journal of Child Language 38: 455–484. https://doi.org/10.

1017/S0305000910000127 PMID: 20807456

47. Cohen LB, Atkinson DJ, Chaput HH (2004) Habit X: A new program for obtaining and organizing data in

infant-perception and cognition studies (Version 1.0). Austin: University of Texas.

48. Fernald A. (1985). Four-month-old infants prefer to listen to motherese. Infant behavior and develop-

ment, 8(2), 181–195. https://doi.org/10.1016/S0163-6383(85)80005-9

Sensitivity to linguistic register in 20-month-olds

PLOS ONE | https://doi.org/10.1371/journal.pone.0195214 April 9, 2018 16 / 17

https://doi.org/10.3389/fpsyg.2012.00252
https://doi.org/10.3389/fpsyg.2012.00252
http://www.ncbi.nlm.nih.gov/pubmed/22833732
https://doi.org/10.1111/j.1467-9280.2007.02029.x
https://doi.org/10.1111/j.1467-9280.2007.02029.x
http://www.ncbi.nlm.nih.gov/pubmed/18031416
https://doi.org/10.1348/174866407X231029
https://doi.org/10.1348/174866407X231029
http://www.ncbi.nlm.nih.gov/pubmed/19334302
https://doi.org/10.1068/p3331
http://www.ncbi.nlm.nih.gov/pubmed/12375875
https://doi.org/10.1177/0165025412467583
https://doi.org/10.1016/j.cognition.2014.10.003
https://doi.org/10.1016/j.cognition.2014.10.003
http://www.ncbi.nlm.nih.gov/pubmed/25460391
https://doi.org/10.2307/1165788
https://doi.org/10.1111/j.1540-4560.1967.tb00572.x
https://doi.org/10.1177/014272379101103103
https://doi.org/10.1017/S0305000911000213
https://doi.org/10.1017/S0305000911000213
http://www.ncbi.nlm.nih.gov/pubmed/21910951
https://doi.org/10.1121/1.4944634
http://www.ncbi.nlm.nih.gov/pubmed/27036263
https://doi.org/10.1037/0012-1649.34.6.1289
https://doi.org/10.1037/0012-1649.34.6.1289
http://www.ncbi.nlm.nih.gov/pubmed/9823513
https://doi.org/10.1037/0012-1649.36.2.155
https://doi.org/10.1111/j.1532-7078.2010.00064.x
https://doi.org/10.1017/S0305000910000127
https://doi.org/10.1017/S0305000910000127
http://www.ncbi.nlm.nih.gov/pubmed/20807456
https://doi.org/10.1016/S0163-6383(85)80005-9
https://doi.org/10.1371/journal.pone.0195214


49. Cooper R. P., & Aslin R. N. (1990). Preference for infant-directed speech in the first month after birth.

Child development, 61(5), 1584–1595. https://doi.org/10.1111/j.1467-8624.1990.tb02885.x PMID:

2245748

50. Andersen E. S. (1984). The acquisition of sociolinguistic knowledge: Some evidence from children’s

verbal role-play. Western Journal of Communication (includes Communication Reports), 48(2), 125–

144. https://doi.org/10.1080/10570318409374149

51. Fernald A., & Kuhl P. (1987). Acoustic determinants of infant preference for motherese speech. Infant

behavior and development, 10(3), 279–293. https://doi.org/10.1016/0163-6383(87)90017-8

52. Kedar Y, Casasola M, Lust B (2006) Getting there faster: 18-and 24-month-old infants’ use of function

words to determine reference. Child Development 77: 325–338. https://doi.org/10.1111/j.1467-8624.

2006.00873.x PMID: 16611175

53. Kidd C, White KS, Aslin RN (2011) Toddlers use speech disfluencies to predict speakers’ referential

intentions. Developmental Science 14: 925–934. https://doi.org/10.1111/j.1467-7687.2011.01049.x

PMID: 21676111

54. Floor P, Akhtar N (2006) Can 18-month-old infants learn words by listening in on conversations? Infancy

9: 327–339. https://doi.org/10.1207/s15327078in0903_4

Sensitivity to linguistic register in 20-month-olds

PLOS ONE | https://doi.org/10.1371/journal.pone.0195214 April 9, 2018 17 / 17

https://doi.org/10.1111/j.1467-8624.1990.tb02885.x
http://www.ncbi.nlm.nih.gov/pubmed/2245748
https://doi.org/10.1080/10570318409374149
https://doi.org/10.1016/0163-6383(87)90017-8
https://doi.org/10.1111/j.1467-8624.2006.00873.x
https://doi.org/10.1111/j.1467-8624.2006.00873.x
http://www.ncbi.nlm.nih.gov/pubmed/16611175
https://doi.org/10.1111/j.1467-7687.2011.01049.x
http://www.ncbi.nlm.nih.gov/pubmed/21676111
https://doi.org/10.1207/s15327078in0903_4
https://doi.org/10.1371/journal.pone.0195214

