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ARTICLE INFO ABSTRACT
Keywords: This study examines (1) whether infant-directed speech (IDS) facilitates children’s word learning
Infant-directed speech compared to adult-directed speech (ADS); and (2) the link between the prosody of IDS in word-

Maternal input, prosody

learning contexts and children’s word learning from ADS and IDS. Twenty-four Dutch mother-
Word-learning

child dyads participated when children were 18 and 24 months old. We collect mothers’ ADS
and IDS at both ages and test children’s word learning from ADS and IDS at 24 months. We find
that Dutch 24-month-old children could reliably learn novel words from both ADS and IDS, and
IDS had a facilitative effect. In addition, children’s word learning from IDS (but not ADS) is
predicted by IDS pitch range when mothers introduce unfamiliar words to children at 18 months.
Our findings contribute to an understanding of the role of IDS prosody in language development,
highlighting both individual differences and contextual differences in IDS prosody.

1. Introduction

When addressing young children, mothers modify their speech prosody by heightening their pitch level, expanding their pitch
range, and slowing down their speaking rate (see reviews in Cristia, 2013; Soderstrom, 2007). This speaking register, known as
infant-directed speech (IDS), has been widely observed in many languages around the world. Even though IDS has long been proposed
to facilitate children’s language acquisition compared to adult-directed speech (ADS) (see a review in Golinkoff, Can, Soderstrom, &
Hirsh-Pasek, 2015), the role of IDS prosody in children’s word learning has not been fully addressed in the literature: First, despite
some evidence that children learn novel words better from prototypical American English IDS compared to ADS (Graf Estes & Hurley,
2013; Ma, Golinkoff, Houston, & Hirsh-Pasek, 2011), it is unclear whether this holds across languages. Second, it remains a question
whether children’s word learning performance in IDS and ADS is related to individual differences in the prosodic input they are
exposed to.

The overarching aim of the current study is to further examine the role of IDS prosody in children’s word learning. We first test
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whether prototypical IDS facilitates 24-month-old Dutch children’s novel word learning compared to ADS word learning in a labo-
ratory setting. We also explore whether there is a link between individual mothers’ prosodic input and children’s word learning from
ADS and IDS. Specifically, we focus on IDS prosody in word-learning contexts in which mothers introduce unfamiliar words to their
children.

1.1. Effects of prototypical IDS on novel word learning

A number of studies have shown that prototypical IDS facilitates children’s word processing compared to ADS. For example,
English- and German-learning infants could only segment words from continuous speech when hearing prototypical IDS but not ADS
(Mani & Patzold, 2016; Thiessen, Hill, & Saffran, 2005). English-learning infants recognized words they were familiarized with in
prototypical IDS, but not words that were introduced in ADS (Singh, Nestor, Parikh, & Yull, 2009). Regarding novel word learning, two
studies have shown that prototypical IDS facilitates novel word learning in American-English-learning children. Ma et al. (2011) tested
whether 21- and 27-month-old American-English-learning children learned novel words better from IDS compared to ADS using an
Intermodal Preferential Looking Paradigm (IPLP) (Hirsh-Pasek & Golinkoff, 1996). For the 21-month-old group, they adopted a
between-subject design, and children were randomly assigned to ADS or IDS conditions. For the 27-month-old group, they only tested
children’s word learning from ADS. The findings suggest that 21-month-old children could reliably learn novel word-to-object
mappings when the words were taught in IDS but not in ADS, but 27-month-old children could reliably learn novel words from
ADS. As they only tested the ADS condition at 27 months, it is unclear whether IDS still had a facilitative effect in word learning even
when children could learn words from ADS at that age. In addition to the group differences, they found individual differences in
children’s word learning: Twenty-one-month-old children who had a relatively larger vocabulary size performed better in the
word-learning task compared to children with smaller vocabularies. Also, only 21-month-old children with a larger vocabulary could
learn novel words in ADS. In another study, Graf Estes and Hurley (2013), using a Switch task (Werker, Cohen, Lloyd, Casasola &
Stager, 1998), found that 17-month-old children could learn word-object associations in the IDS condition but not in the ADS
condition.

Taken together, findings from these two studies suggest that American English IDS has a facilitative effect on word learning at least
until children reach 21 months of age. However, it should be noted that the degree of prosodic exaggeration in IDS varies among
languages: American English IDS is more exaggerated compared to British English, French, Italian, German, and Japanese IDS (Fernald
et al., 1989), and Thai IDS is less exaggerated than Australian English IDS (Kitamura, Thanavishuth, Burnham, & Luksaneeyanawin,
2002). Such differences in the degree of prosodic exaggeration in IDS may further influence children’s word processing. Previous
studies on word segmentation have shown that while American-English-learning children could segment words from continuous
speech as early as 7.5 months (Jusczyk & Aslin, 1995), British-English-learning children failed to do so in the same paradigm until 10.5
months old. Interestingly, 10.5-month-old British English children could only succeed in word segmentation tasks when the stimuli
were particularly exaggerated in prosody (Floccia et al., 2016). Thus, even though evidence shows that American English IDS facil-
itates children’s word learning, whether this conclusion can be generalized to other languages in which IDS was less exaggerated than
American English remains a question.

1.2. Individual differences in children’s word learning in relation to input quality

Studies that compared children’s word processing in ADS and IDS often examined children’s learning performance in a laboratory
setting independent from their maternal input, focusing on group differences instead of individual differences in input quality. The
question remains whether children’s word learning from IDS and ADS is related to individual differences in the prosodic input they are
exposed to.

Even though exaggerated prosody is the most prominent feature of IDS, and prototypical IDS facilitates children’s word learning
compared to ADS (at least for American English), studies on the link between IDS prosody and children’s online word processing often
yield null results. For example, Suttora et al. (2017) explored the relationship between the prosody of IDS (including mean FO,
maximum FO, minimum FO, and speech rate) and Italian-learning children’s word recognition at 15 months. Their results reveal no
significant concurrent correlations between IDS prosody and children’s word recognition accuracy. Similarly, Song, Demuth, and
Morgan (2018) did not find any correlations between the prosody of American English IDS (including mean pitch and pitch range) at
17 months and children’s vocabulary size at 19 or 25 months. In a recent study, Outters, Schreiner, Behne and Mani (2020) found a link
between the prosody of IDS and children’s listening preference for IDS compared to ADS. In particular, mothers’ higher mean pitch in
IDS (relative to ADS) is related to a greater listening preference for IDS at 6 months but not at 13 months. Even though children’s
listening preferences do not necessarily lead to better learning, it is possible that the prosodic exaggeration in IDS relative to ADS can
also be a predictor of children’s word learning from IDS.

1.3. Contextual differences in prosodic input

In the correlational studies reviewed above, the predictors were mostly global measures of IDS prosody during mother-child in-
teractions. Some evidence suggests that the prosody of IDS shows contextual differences. For example, Fernald and Mazzie (1991)
found that American-English-speaking mothers used prosody to highlight contextually new words compared to contextually given
words. Han, de Jong, and Kager (2020), (2021) found that Dutch and Chinese mothers modified their speech prosody when intro-
ducing familiar vs. unfamiliar words to children. Dutch mothers had a lower pitch and a slower articulation rate when introducing
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unfamiliar words compared to familiar words, while Mandarin-Chinese-speaking mothers heightened pitch and expanded pitch range.
Word-learning contexts provide the most direct input for children to obtain information for word learning. In a recent study, Van
Rooijen, Bekkers, and Junge (2019) tested 24-month-old Dutch children’s word learning from their mother’s speech and an experi-
menter’s speech. In this experiment, the content of the speech stimuli was the same for the mother and the experimenter, and both
speakers were instructed to introduce the novel word labels using natural IDS speech. Still, children learned novel words faster from
their mothers’ speech compared to the experimenter’s speech. This points to an intriguing possibility that the prosody of an individual
mother’s IDS in word-learning contexts could be correlated with children’s word learning performance.

1.4. The current study

To summarize, whether the facilitative effects of IDS on children’s novel word learning is language-universal still requires evidence
from languages other than American English. Also, it remains a question whether the facilitative effects of IDS are robust even when
children can reliably learn novel words from ADS. In addition, no study has investigated the link between prosodic input in word-
learning contexts and children’s word learning from ADS and IDS. The overarching aim of the current study is to further examine
the link between the prosody of individual mothers’ IDS and children’s word learning.

In the present study, we addressed two research questions. First, does prototypical IDS facilitate 24-month-old Dutch children’s
novel word learning compared to ADS? To answer this question, we conceptually replicated the American English word learning
experiment by Ma et al. (2011) and tested Dutch children’s novel word learning from ADS and IDS using a within-subject design. We
predicted that Dutch IDS has a facilitative effect on word learning compared to ADS.

Second, is there a link between individual mothers’ IDS prosody and children’s word learning from ADS and IDS? As word-learning
contexts, in which mothers introduce novel words to children, are immediately relevant to children’s word learning, we focused on
mothers’ IDS prosody in such contexts and examined whether it is related to children’s novel word learning from ADS and IDS. There
are two possible hypotheses: (1) If children’s word learning is related to their experience with IDS, their primary prosodic input, a
mother’s IDS prosody would be correlated with their child’s word learning performance in the IDS condition only; Alternatively, (2) If
IDS facilitates children’s word learning ability in general, a mother’s IDS prosody would be similarly correlated with word learning in
both ADS and IDS.

Individual differences in IDS prosody can be evaluated in two ways. In most studies, the raw prosodic values of each mother’s IDS
are used as predictors. These values indicate the IDS prosody children are exposed to. Kalashnikova and Burnham (2018) calculated a
hyper-score for each mother, dividing each prosodic value in IDS by their corresponding ADS values. These hyper-scores indicate the
extent to which each mother’s IDS prosody differs from their ADS. We adopt two sets of prosodic predictors for each mother: raw
prosodic values of IDS and prosodic hyper-scores.

To answer the above two questions, we tested the same children on their word learning from ADS and IDS at 24 months and
collected their mothers” ADS and IDS at 18 and 24 months. We targeted these two ages as children’s vocabulary increases rapidly and
children’s fast mapping improves greatly during this period (Bion, Borovsky, & Fernald, 2013; Goldfield & Reznick, 1990). By focusing
on this period, we may examine how prosodic input contributes to this process.

2. Method
2.1. Participants

This study is part of a larger study on the role of prosodic input in word learning (Han, 2019). Participants include twenty-four
Dutch mother-child dyads who visited the lab when the children were aged 18 and 24 months (girls N = 11; mean age of mothers
= 35 years, mothers’ age range = 31-44 years; Mean age of testing at 18 m: = 18;12 (age range = 18;00-18;29); Mean age of testing at
24 m = 24;20, age range = 24;00-27;00). The participants were recruited from the Utrecht Baby Lab database and are all Dutch native
speakers living in the Utrecht area in the Netherlands. All children were typically-developing and without reported language im-
pairments or hearing problems. Written informed consent was obtained for all participants.

2.2. General procedure

The same mother-child dyads visited the lab three times, once at 18 months and twice after the children reached 24 months. During
the first visit at 18 months, we collected mothers’ speech addressed to their child (IDS) and an adult (ADS). Participants visited the
Utrecht Baby Lab twice on two different days after they reached 24 months (24;00). We collected participant mothers’ ADS and IDS
addressed to 24-month-old children on the first visit at 24 months. Participants were also tested on word learning from ADS or IDS
separately during the two visits (order counterbalanced). The average duration between the two visits was 7.6 days (range = 2-35
days).

2.3. Speech data collection
2.3.1. Materials

The speech data collection methods were identical to those reported in Han et al., (2020), (2021). We created two books for the two
respective age groups and used a storybook-telling task to elicit semi-spontaneous speech from the mothers. The two books were
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identical in structure. Each book contained a set of target words that were unfamiliar to children (see Supplementary Table 1 for a list
of the preselected unfamiliar words). On each page of the picture book, a word was on the left side and an illustration including a
depiction of the word was shown on the right side. No other script was provided besides the target words (see Han, 2019 for the picture
books).

2.3.2. Procedure

During each lab visit, mothers told the story twice. For ADS, mothers were instructed to tell the story to an experimenter (a female
Dutch native speaker), and to take into account the fact that she was a college student. For IDS, the mother was instructed to tell the
story to her child the way she normally would at home. After each experiment, mothers filled out a word checklist to determine
whether their child had already known the target words before the experiment. As we focused on word-learning contexts in which
mothers introduced unfamiliar words to children, we only included the words that mothers marked “unfamiliar” in analyses.

2.3.3. Data analysis

We measured the prosody of utterances containing unfamiliar words (N = 636) using a Praat script. Specifically, we measured
articulation rate (syllables/s), mean FO (in semitones (st)), and FO range (Maximum FO — Minimum FO, in semitones sHh). We per-
formed repeated measures ANOVAs to examine the effect of Age (18 m/24 m) and Condition (ADS/IDS) on these prosodic measures.
The results show a significant main effect of Condition on articulation rate (F(1, 17) = 17.24, p < 0.001) and mean pitch (F(1, 17) =
17.24, p = 0.006), but not on pitch range (F(1, 17) = 1.32, p = 0.27). There was no significant interaction between Age and Condition
(allp’s > 0.1). These results suggest that in this corpus, Dutch mothers had a slower articulation rate and a higher pitch in IDS than ADS
when children were 18 and 24 months old.

2.4. Word learning experiment

The word learning experimental procedure was adapted from Ma et al. (2011). We adopt a within-subject design instead of the
between-subject design used in their study.

2.4.1. Apparatus

Children were tested in a quiet testing room with a testing area on one side and a control area on the other side. The testing area was
separated from the control area with curtains during testing. In the testing area, a 46-inch monitor was about 94 cm from a chair for the
parent-child dyads. The screen’s height was at the children’s eye level. Parents wore headphones (AKG K109SB with high ambient
noise attenuation) playing music so they could not hear any sounds from the experiment. A hidden camera was situated below the
screen to record children’s visual fixations. Audio stimuli were delivered through a speaker (Tangent EVO-E4) in front of the testing
area.

2.4.2. Audio stimuli

Two pairs of phonotactically-legal Dutch disyllabic pseudowords were created as novel labels: Pair 1: “modi” ['modi] and “dofa”
['dofa] and Pair 2: “doboe” ['dobu] and “pima” ['pima]. These two pairs of novel labels were randomly assigned to ADS and IDS across
participants. The carrier sentences were adapted from Ma et al. (2011) (see Supplementary Table 2).

A female Dutch native speaker recorded the audio stimuli. For the ADS condition, the speaker was asked to imagine that she was
talking to an adult. For the IDS condition, she was asked to imagine that she was talking to an infant. The speaker recorded five versions
for each speech register. Three Dutch native speakers who were blind to the speech registers of each recording judged the speech
register (Condition: ADS/IDS) as well as the naturalness of the recordings. We selected the versions of ADS and IDS judged to be most
natural for use as stimuli. We used Praat to extract three measures of prosody from the stimuli: mean FO (Hz), FO range (Hz), and
articulation rate (Table 1). We used linear mixed-effects models to compare the prosodic differences between the audio stimuli in ADS
and IDS. The results show significant main effects of Condition on mean FO ( = 87.837, SE = 5.57,t=15.78, p < 0.001), FO range ( =
165.38, SE = 31.66, t = 5.224, p < 0.001) and articulation rate (f = —0.17, SE = 0.43, t = —3.93, p = 0.002), suggesting that the audio
stimuli in the IDS condition had a higher pitch, a larger pitch range, and a slower articulation rate compared to ADS, in line with
previous studies on Dutch IDS (Benders, 2013; Van de Weijer, 1999).

2.4.3. Visual stimuli

The familiar objects used for visual stimiuli were the same as in Ma et al. (2011): a book and a ball. We designed two pairs of novel
objects (Fig. 1). The novel objects in each pair are distinctive from each other in both shape and color. Objects in Pair 1 were adapted
from Liu and Kager (2018). Objects in Pair 2 were created by the authors.

2.4.4. Procedure
During the experiment, children sat on their mother’s lap facing the monitor. The mothers were instructed to hold their child
without interacting with him/her, pointing to the screen, or talking to him/her. Following the procedure in Ma et al. (2011), each

1 Following Kitamura et al. (2002), FO range (Hz) was transformed to Semitones (st) using the formula: Semitones = 12 *logz(maximum
FO/minimum FO0). Mean FO (Hz) was transformed to Semitones (st) using the formula: 12LOG3(Mean F0/50)
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Table 1
Prosodic measures of audio stimuli.
Prosodic measures Condition Mean (SD)
Mean FO (Hz) ADS 217 (10.2)
IDS 304 (12.0)
FO range (Hz) ADS 275 (82.7)
IDS 440 (24.3)
Articulation rate (syllables/s) ADS 4.78 (0.20)
IDS 4.25 (0.32)
Pair 1:

Fig. 1. Visual stimuli.

session consisted of five phases: task familiarization, salience, training, and testing phases (see Supplementary Table 2 for an overview
of procedure). The order of the two conditions was counterbalanced across participants.

Before each trial, a picture of a baby’s face appeared in the center of the screen accompanied by the sound of a giggling baby in
order to attract children’s eye fixation to the center of the monitor. Which side appeared first and the object-sound pairing were both
randomized across the participants. There was a two-second silence after the visual stimuli were shown and before the audio stimuli
was played. Each session lasted for about five minutes.

2.4.5. Coding

Coding was done using the UiL OTS Video Coding System (De Mooij, 2018). A coder who was blind to condition and trial coded the
looking directions (left, center, right, distracted, unclear) frame-by-frame throughout each video. An independent coder coded 10% of
the trials with 98.5% agreement.

2.4.6. Data analysis

As in Ma et al. (2011), we measured single longest looks at the target and to the distractor for each testing trial in the entire trial
(6000 ms). The proportions of looking time to target and to non-target were calculated in a two-second time window which began
200 ms after the onset of the novel labels in each trial (following Van Rooijen et al., 2019). We also measured proportion of looking
time (calculated as Target looking time / (Target + Distractor looking time)) and latency of shift to target from the distractor 200 ms
after participants hear the target words (Delle Luche, Durrant, Poltrock, & Floccia, 2015; Fernald, Zangl, Portillo, & Marchman, 2008).
For the latency measure, only the trials in which children initially looked at the distractor (74/192 trials) were included in the analysis.

3. Results
3.1. Word learning from ADS and IDS
Table 2 shows the means and standard deviations of the three dependent measures for Target and Distractor in each condition

(ADS/IDS). We used the Ilme4 package (Bates, Machler, Bolker, & Walker, 2015) in the R environment (R Core Team, 2018) for
analysis. We used linear mixed-effects models to examine whether children learned novel words better in IDS than ADS. The dependent

Table 2
Means and SDs of three dependent measures: single longest look, proportion of looking time, and latency.
Measure Condition Target Mean (SD)
Single longest look (ms) ADS Target 2509 (1544)
Distractor 1554 (1100)
IDS Target 2987 (1542)
Distractor 1326 (837)
Proportion of looking time (%) ADS Target 65.1 (28.8)
Distractor 57.6 (26.0)
IDS Target 66.6 (26.6)
Distractor 51.2 (27.1)
Latency (ms) ADS 836 (429)
IDS 771 (445)
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measures were single longest look (ms), proportions of looking time (%), and latency (ms). The fixed factors were Condition (ADS/IDS)
and Target (Target/Distractor) with Participant as a random factor. We included Condition and Target as random slopes (Barr, Levy,
Scheepers, & Tily, 2013). Then, we used the “step” function in the ImerTest package (Kuznetsova, Brockhoff, & Christensen, 2017) to
reduce the models by eliminating non-significant factors or interactions. The final models are shown in Supplementary Table 3.

To check whether children paid more attention in the IDS Condition than in the ADS condition, we examined whether children’s
looking time in the entire testing phase (6000 ms) was longer in either condition. The results showed no significant differences (Mean
looking time in the ADS Condition = 2553 (ms), SD = 1650; Mean looking time in the IDS Condition = 2716 (ms), SD = 1667;
p =182.7, SE = 170.2, p = 0.284). Thus, there was no evidence for attentional differences in the testing phase between ADS and IDS
conditions.

We then tested the effects of Condition and Target on the three dependent measures: single longest look, proportion of looking time,
and latency. Fig. 2 shows box plots of children’s single longest look to the target and the distractor in ADS and IDS conditions. The data
were log-transformed before statistical analysis. For this measure, the final model (Supplementary Table 3a) showed a significant main
effect of Target (f = 0.47, SE = 0.10, t = 4.55, p < 0.001) and a significant interaction between Condition and Target (8 = 0.37, SE =
0.15, t = 2.51, p = 0.013), however, the main effect of Condition was not significant. These results show that children’s single longest
look at the target was longer compared to the distractor in ADS, and it was specifically longer in IDS compared to ADS. In line with Ma
et al. (2011), these results suggest that IDS has a facilitative effect on children’s word learning, though Dutch children could learn
novel words in both ADS and IDS at 24 months.

Fig. 3 shows box plots of proportions of looking time to the target or the distractor in ADS and IDS conditions. The final model for
proportions of looking time (Supplementary Table 3b) showed that there was a significant main effect of Target (§ = 0.28, SE = 0.04,
t =7.55, p < 0.001), but there was no significant main effect of Condition, nor was there a significant interaction between Condition
and Target. These results suggest that children looked significantly longer to the target compared to the distractor in both conditions.
As such, children learned the novel words regardless of the speech register.

We further tested whether children were faster to look at the target words in the IDS condition compared to the ADS condition.
Fig. 4 shows boxplots of latency in ADS and IDS conditions. No random factors or fixed effects remained in the final model. As such,
there was no evidence to suggest that children looked at the target significantly faster in the IDS condition compared to the ADS
condition.

In summary, the word learning experiment showed that Dutch 24-month-old children could already reliably learn novel words
from ADS and IDS, though there was still a facilitative effect of IDS on word learning.

3.2. Correlations between IDS prosody in word-learning contexts and children’s word learning from ADS and IDS

We conducted a series of multiple regression analyses using the Im() function in the R environment (R Core Team, 2018). Before
building each model, we detected outliers by visual inspection of scatter plots and capped them at the 5th (for outliers below the lower
limit) or the 95th percentile (for outliers above the upper limit). For each model, we started by including all the predictors and then
used the “stepAIC” function in the MASS package (Venables & Ripley, 2002) to reduce the model by selecting variables with a sig-
nificance level of 5% (direction: “backward”).

The predictors were the mean raw prosodic values and prosodic hyper-scores of each participant. The raw prosodic values were
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calculated by averaging the prosodic measurements for each mother, indicating IDS prosody in word learning contexts. The hyper-
scores were calculated by dividing raw IDS prosodic values by ADS values when mothers introduce unfamiliar words, indicating
the prosodic exaggeration of IDS compared to ADS. The outcome measures were mean differences in single longest look (single longest
look to the target — single longest look to the non-target, in ms) in ADS, differences in single longest look in IDS, proportions of looking
time to the target in ADS (%), proportions of looking time to the target in IDS (%), latency in ADS, and latency in IDS (ms) averaged
across trials for each participant. Four participants were excluded from the regression analyses for 18 months and six were excluded for
24 months as their speech data were not usable for prosodic analyses. The descriptive statistics are shown in Table 3. Supplementary
Figures 1-4 show scatter plot matrices of correlations (Pearson correlation coefficients) between all predictors (raw prosodic values
and prosodic hyper-scores) and children’s looking behaviors.

We first examined whether there were correlations between mothers’ IDS prosody (raw prosodic values) and children’s looking
behavior in word learning. Regression analyses revealed that, for the 18-month-old group, the final model showed no significant
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predictors between the raw prosodic values and the differences in single longest look in the ADS condition. The final model for the IDS
condition (R? = 0.27, F(1, 18) = 6.57, p = 0.020) showed that utterance pitch range was positively correlated with children’s dif-
ferences in single longest look (# = 191.49, SE = 74.72, t = 2.563, p = 0.020), suggesting that a larger pitch range in mothers’ IDS at
18 months is correlated with better word learning from IDS at 24 months (Fig. 5). The final models for proportion of looking time and
latency showed no significant predictors. For the 24-month-old group, none of the models showed significant predictors for children’s
word learning in either ADS or IDS.

We then examined whether there were correlations between prosodic hyper-scores and children’s looking behavior in word
learning. Regression analyses revealed no significant predictors in any of the models for either 18 or 24 months.

4. Discussion and conclusions

To understand the role of prosodic input in children’s word learning, the current study had two goals. First, we conceptually
replicated Ma et al. (2011) to investigate whether 24-month-old Dutch children learned novel words better from prototypical IDS than
ADS. Second, we explored the link between individual mothers’ prosodic input and children’s word learning from ADS and IDS.

Regarding the first goal, our findings show that Dutch 24-month-old children successfully learned novel words from both ADS and
IDS, yet there is evidence that IDS still facilitates children’s word learning compared to ADS at this age. This finding was robust with
respect to the measure of single longest look, the same measure used in Ma et al.’s original study. Compared to Ma et al. (2011), who
found that American-English-learning 21-month-old children could only learn novel words from prototypical IDS but not ADS, our
findings suggest that the prosody of IDS facilitates language acquisition even when children are efficient word learners at 24 months.

In addition to the measure of single longest look, we adopted two other measures of children’s looking behavior: proportions of
looking time and latency, which were also commonly used in analyzing data from the Intermodal Preferential Looking Paradigm (Delle
Luche et al., 2015). The facilitative effect was only observed on the measure of single longest look, the same measure that was chosen
by Ma et al. (2011). As the authors noted, “The dependent variable was single longest look at the target and the nontarget in each test
trial, which has been found to be a more sensitive measure than total looking time, especially when children’s attention decreases over
the course of a test (e.g., Schafer & Plunkett, 1998; Bailey & Plunkett, 2002).” (Ma et al., 2011, p. 215). This was in accordance with
Delle Luche et al. (2015), who compared single longest look and proportions of looking time and found that the effect sizes were larger
for the single longest look than for the proportions of looking time.

To explain the inconsistency between the measures, it is possible that the single longest look was a more sensitive measure of
children’s looking behavior, at least for the paradigm used in Ma et al. (2011) and the current study. In our correlational analyses, we
only found a significant correlation between mothers’ IDS prosody and children’s single longest look differences, while no significant
correlation was found for the measure of proportions of looking time. An alternative explanation is that as Dutch 24-month-old
children can already learn novel words from IDS, the facilitative effects of IDS are not as robust as in Ma et al. (2011), in which
children could not reliably learn novel words from ADS. For the measure of latency, we could only include trials in which children
initially looked at the distractor. As a result, we had a limited number of trials in the data analysis. In this case, our results were
somewhat preliminary for this measure. Alternatively, it is possible that the gaze shift latency was no longer a robust measure for
learning performance when children could reliably learn novel words from ADS and IDS.

One reviewer proposed alternative interpretations of our data. First, it is possible that children learned the novel words better in
ADS than in IDS and they got bored faster in ADS in the testing phase. Second, our results may be interpreted as evidence that IDS
maintained the children’s attention to the target or their interest in looking at the target more than ADS. We would argue that our
facilitative effect was supported by the significant interaction, which suggests that children’s single longest look to the Target
(compared to Distractor) was specifically longer in IDS condition. In other words, the differences in looking time to the Target and
Distractor were larger in the IDS condition. If children got bored faster in ADS, or IDS only attracted children’s attention, we would
have found a significant main effect of Condition, showing that children’s looking time in the ADS Condition was significantly shorter
than IDS Condition. In our data analysis, we also checked whether children paid more attention in the IDS Condition than in the ADS
condition in the entire testing phase and the results showed no significant differences.

Thus far, two questions remain to be answered. First, when do children start to reliably learn novel words from ADS? Our findings
suggest that 24-month-old Dutch-learning children could reliably learn novel words from ADS. Ma et al. (2011) found that 21-month--
old American-English-learning children only learned novel words from IDS. Also, they found that children who had a relatively larger
vocabulary learned novel words in ADS. It appears that as children grow older and their vocabulary size increases, they gradually rely
less on IDS to learn novel words. However, as Ma et al. (2011) and the current study tested different age groups, the exact age when

Table 3

Means and standard deviations (SDs) of raw prosodic values of IDS and hyper-scores in 18 (N = 20) and 24 months (N = 18).
Age 18 months 24 months
Prosodic measures Raw prosodic values Hyper-scores Raw prosodic values Hyper-scores

M SD M SD M SD M SD

Articulation rate (syllables/s) 4.58 0.75 0.89 0.16 4.77 0.47 0.94 0.09
Mean FO (st) 28.25 2.11 1.07 0.07 26.89 1.78 1.05 0.11
FO range (st) 15.59 3.16 1.11 0.29 15.08 3.64 1.08 0.30
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Fig. 5. Relationship between utterance FO range at 18 m and mean differences in single longest look during word learning from IDS.

children no longer rely on IDS to learn novel words could not be concluded from these two studies. In addition, it remains a question
whether children’s trajectory of word learning from ADS and IDS varies among languages and cultures. As the degree of prosodic
exaggeration seems to be most salient for American English IDS compared to other languages (e.g., Fernald, 1989), it is possible that
American-English-learning children are used to the exaggerated prosody of IDS. Thus, it might take them longer to reliably learn novel
words from ADS. On the other hand, for languages and cultures with a less exaggerated IDS, children may rely less on the prototypical
IDS prosody to learn novel words and start to reliably learn novel words from ADS earlier. As we only tested Dutch children and did not
directly compare them with other languages and cultures, we cannot draw any conclusions on this matter. So far only a handful of
studies (including our own) have examined the effect of IDS on children’s word learning experimentally and they focused on different
populations and ages. Therefore, this question requires further empirical evidence from cross-linguistic and cross-cultural studies. Such
comparisons could best be carried out in future multilab studies that control for data collection methods among languages. (e.g.,
ManyBabies Consortium, 2020).

Second, till when does the facilitative effect of prototypical IDS on children’s word learning last? In a meta-analysis, Spinelli,
Fasolo, and Mesman (2017) found that the association between prototypical IDS prosody and children’s language outcomes were
greater for pre-linguistic than linguistic outcomes. We found that Dutch IDS at 24 months still had distinctive prosody compared to
Dutch ADS, including a higher pitch and a slower articulation rate. These results are in line with Han et al. (2020) on Dutch IDS. Also,
the facilitative effect of IDS on language acquisition was still salient at 24 months. Such facilitative effects of IDS prosody may not be
limited to child language acquisition. Golinkoff and Alioto (1995) found that English-speaking adults learned Chinese words better
when these words were produced in IDS-like speech (exaggerated in prosody) and were placed in utterance-final position, suggesting
that properties of IDS (including prosody and word order) may continue to promote second language learning in adults. Recent ev-
idence suggests that adult native English speakers learn Chinese target words better when they are presented in IDS-like speech (Ma,
Fiveash, Margulis, Behrend, & Thompson, 2020). As the authors pointed out, many properties of IDS, such as prosodic and phonetic
salience, may assist learning by attracting more attention or enhancing memory. Based on these studies, IDS-like speech may be helpful
for lexical processing even for adults. However, these studies differ from the developmental research in several ways. First, young
children’s primary input in their daily life was IDS and the individual differences in their prosodic input may influence their learning in
ADS and IDS. Second, children’s individual differences in their linguistic ability, for example, vocabulary size, may be associated with
children’s word learning performance (Ma et al., 2011). It is still important to further test whether the benefits of IDS change as
children grow older and gain a larger vocabulary size during the first years of life.

We further explored the relationship between individual mothers’ prosody and children’s word learning from ADS and IDS. Here,
we focus on the prosody of one specific speech context: word-learning contexts in which mothers introduce unfamiliar words to
children. Our findings suggest that mothers’ IDS pitch range in word-learning contexts is correlated with children’s word learning from
IDS. Mothers who had a larger pitch range at 18 months had children who performed better in word learning tasks when the stimuli
had prototypical IDS prosody. On the other hand, there was no significant predictor for children’s looking behavior in word learning
from ADS. These results suggest that children’s word learning from IDS is related to their prior experience with prosodic input in word-
learning contexts, which is crucial for children to learn words. Even though pitch range expansion does not seem to be a general feature
of Dutch IDS, individual differences in IDS pitch range is still a significant predictor of children’s word learning from IDS. Previous
research suggests that children’s vocabulary starts to increase quickly and their word learning skills improve significantly at around 18
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months (Bion et al., 2013; Goldfield & Reznick, 1990). Our findings indicate that mothers’ IDS prosody at the beginning of vocabulary
growth might contribute to this rapid word learning period. There are two possible mechanisms behind the link between IDS prosody
and children’s word learning. First, it is possible that mothers fine-tune their speech prosody to highlight unfamiliar words when
addressing children, which supports children’s word learning directly. Second, it is possible that a larger pitch range in IDS attracts
children’s attention (Kitamura & Burnham, 2003), which may lead to a better learning effect.

In conclusion, our findings suggest that even though 24-month-old Dutch children can successfully learn novel words from both
ADS and IDS, IDS still has a facilitative effect on children’s word learning at this age. Children’s word learning from IDS, but not ADS, is
related to their prior experience with prosodic input in word-learning contexts. These findings contribute to an understanding of the
role of IDS prosody in language development, highlighting individual differences and contextual differences in IDS prosody across
speakers and languages.
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