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Abstract 
In recent years, there has been increasing interest in whether 
rhythmic interventions support young children’s literacy 
development [1]. To begin to explore this connection, we 
assessed several aspects of rhythmicity and expressivity of 
productions of the notably rhythmic and rhyming children’s 
book, The Cat in The Hat by Dr. Seuss. Participants 
subjectively rated either the rhythmicity or expressivity of 
speech taken from recordings of the book read aloud. These 
perceptual ratings were correlated with acoustic measures of 
rhythmicity and expressivity. Moreover, we observed a 
surprising lack of consistency between perceptual ratings of 
rhythmicity and expressivity. However, we observed a 
consistent relationship between the perceptual ratings of the 
first couplet of verses and the second, suggesting that readers 
showed self-entrainment in rhythmicity and expressivity 
between verse couplets. These findings can inform our 
investigation of the role of rhythm in literacy development and 
set the stage for further investigation into rhythmic 
entrainment across speakers. 
Index Terms: rhythm, expression, production, child-directed 
speech 

1. Introduction 

1.1. Rhythm in speech perception 

Speech researchers have long been interested in what factors 
contribute to isochronous speech in which stresses are 
perceived at regular intervals [2]. Although consistent acoustic 
measures of isochrony have been difficult to identify [3], there 
is consensus that perceptual isochrony is an important 
component of speech perception. For example, recent studies 
demonstrate that perceptual isochrony can help resolve 
ambiguity in speech perception [4,5]. Moreover, it is clear that 
babies attend to rhythm from a very early age [6], and can use 
rhythmic cues to learn words [7].  
Many have observed that children’s nursery rhymes are 
rhythmic and have consistent rhyming schemes. Moreover, 
exposure to rhyming texts has been shown to improve 
children’s phonological awareness [8,9] and expressive 
vocabulary abilities [10]. However, little prior work has 
examined whether and how the rhythmic schemes of 
children’s books improves children’s literacy development. 
There is reason to suspect that the rhythmicity of these texts 
supports reading acquisition, though this topic has received 
little direct investigation. For example, dyslexic children have 
been shown to be less sensitive to rhythm than normally 
reading children [11,12]. In addition, reading researchers have 
long advocated that rhythmic reading, including the use of an 
Interactive Metronome program, is an effective instruction 

tool [13]. One possibility, that we begin to explore here, is that 
rhythmic texts support self-entrainment [14], such that, within 
a verse, readers produce stresses at a consistent rate. 
What can certainly not be denied is the fact that children like 
to encounter rhythm when reading, as evidenced by the 
popularity of books by Dr. Seuss and others. The goal of the 
current study is to explore the nature of the structure of 
rhythmic texts in order to begin to understand what aspects of 
their composition might support reading acquisition. 

1.2. Rhythm in child-directed speech 

A parallel line of inquiry in speech comprehension is 
determining the circumstances under which speech is most 
likely to be rhythmic. Recent investigations have demonstrated 
that multiple factors can contribute to the rhythmicity of 
speech, including the syntactic/semantic structure of the 
speech [15,16], the cognitive load of the speaker [17], and the 
audience to which the speech is directed. 
It is this final factor that serves as the starting point for the 
current study. Recent work has demonstrated that the same 
speakers produce more rhythmic (even-timed) child-directed 
speech and singing than adult-directed speech [18,19] 
suggesting that readings of The Cat in the Hat will be good 
candidates for investigating speech rhythmicity. 

1.3. Expression in child-directed speech 

It is clear that expression plays a large role in child-directed 
speech. Acoustically, the greater perceived expressivity of 
child-directed speech is realized primarily by higher, and more 
variable, F0 than adult-directed speech [20]. Moreover, there 
is evidence that this expressivity facilitates speech 
comprehension. Examinations of child-directed speech 
indicate that exaggerated pitch peaks at the ends of utterances 
marking focused words may facilitate speech processing [21]. 
Moreover, previous research has demonstrated that infants are 
able to distinguish words from syllable sequences spanning 
word boundaries after exposure to infant-directed speech but 
not after exposure to adult-directed speech [22].  
The current study further investigates the role of expression in 
children’s literacy development, specifically examining how 
expressivity of child-directed speech may relate to the 
rhythmicity of child-directed speech. 

1.4. Current Study 

The objective of the current study was to investigate the 
rhythmic and expressive characteristics of child-directed 
speech; specifically, the book The Cat in the Hat by Dr. Seuss. 
The research questions we addressed were: 
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(1) Is there a consistent relationship between perceived 
rhythmicity and perceived expressivity in productions 
of The Cat in the Hat? 

(2) Does the rhythmicity of the first couplet of a verse 
predict the rhythmicity of the second couplet? 

(3) Does the expressivity of the first couplet of the verse 
predict the expressivity of the second couplet? 

We could imagine two possible answers to question (1). On 
the one hand, if greater expressivity and greater rhythmicity 
are both predictive of better outcomes for audiences (of 
children), then it could be the case that these two factors will 
be correlated such that greater perceived rhythmicity 
corresponds to greater perceived expressivity. On the other 
hand, rhythmic variation is one marker of expressiveness in 
production. Therefore, we may observe a negative correlation 
between perceived rhythmicity and perceived expressivity of 
verses such that greater perceived rhythmicity corresponds to 
lower perceived expressivity. 
Regarding (2) & (3), we were interested in whether there is 
rhythmic and expressive consistency within verses after 
accounting for within-speaker factors. That is, are there 
characteristics of the verses themselves that predict how 
expressive or rhythmic their productions will be? 

2. Method 

2.1. Participants 

Participants were sixteen native speakers of American English 
(all female), ages 18-35. All received course credit for 
participating. 

2.2. Materials 

Participants all read “The Cat in the Hat” by Theodor Seuss 
Geisel (aka “Dr. Seuss”) in its entirety. This text was written 
in an anapestic tetrameter such that every couplet (1A, 1B) 
consists of four anapestic (weak-weak-strong) feet. Two 
couplets form a verse (1). There are a total of 71 verses in the 
book. 
 

(1) A: “Put me down!” said the fish. 
   This is no fun at all! 

B: Put me down!” said the fish. 
   “I do not wish to fall.” 

2.3. Procedure 

Participants were randomly assigned to read the hardcover 
book aloud in one of two environments: In a quiet room in the 
lab with no audience present; or to an audience of between 
three and five 5- and 6-yr-olds in a pre-kindergarten 
classroom. Both groups were instructed to read as naturally as 
possible. Their productions were recorded with Praat [23] 
through a Shure SM10A head-mounted microphone, 
connected to a Rolls Mini-Mic pre-amplifier. Productions 
were recorded with a sampling rate of 44100 Hz.  
Initial analysis of acoustic measures demonstrated no 
significant differences between the productions recorded in the 
lab and those recorded in the classroom. This may be because 
our participants were all familiar with The Cat in the Hat and 
couldn’t help but read it expressively and rhythmically 
regardless of whether there was an audience present. We will, 
therefore, report data from all productions together. 

2.4. Acoustic Measurements 

All productions were aligned with the book text in Praat using 
the Prosodylab-Aligner software [24] and then hand-corrected. 
Productions were segmented into verses (as in 1) and further 
divided into (A) and (B) couplets. All verses which contained 
a disfluency in either of the two couplets were excluded from 
further analysis. Of the 71 total verses in the book, we selected 
18 for further analysis which met the following criteria: First, 
they were primarily anapestic tetrameter (though the first foot 
could be iambic); second, they appeared on four adjacent lines 
on one page of the book; third, they were fluently produced by 
at least 14 of the 16 speakers. These constraints resulted in a 
total of 252 verse productions (504 couplets). 
These couplets were distributed across three lists which were 
balanced, as much as possible, across speakers and verses. The 
couplets that comprised each verse (e.g., (1A) & (1B)) did not 
appear on the same list, so that each couplet was rated by 
different listeners. The lists were comprised of 173, 166, and 
165 couplets, respectively. 
Using Praat, we extracted measures of duration, average F0, 
maximum F0, minimum F0, and average intensity from every 
word. For the current study, we looked only at measures of 
duration and mean F0. 

2.5. Perceptual Evaluation 

An additional 30 female participants were recruited to 
participate in a perceptual evaluation task. None had 
participated in the production experiment. They were 
randomly assigned to rate either the expressivity or the 
rhythmicity of the verse couplets. 
Half of the participants (n= 15) rated their perception of the 
each couplet’s rhythmicity on a scale of 1-4 where 1 was 
“very rhythmic” and 4 was “not at all rhythmic.” Instructions 
were adapted from [5] such that raters were asked to determine 
how well they could find a steady beat for the couplet. Each of 
these 15 participants was assigned to one of the three lists, so 
that five participants rated each couplet. They were first 
presented with 8 practice couplets; four were categorized by 
the authors as “very rhythmic”; four were categorized as “not 
at all rhythmic.” We observed agreement on these ratings 
which was significantly greater than chance, Fleiss’ κ = .09, z 
= 10.5, p = 0 [25], indicating that raters were sensitive to 
couplet rhythm. Ratings from all five raters were averaged, 
resulting in an average Rhythmicity score for each couplet. 
Half of the participants (n=15) rated their perception of the 
each couplet’s expressivity on a scale of 1-4 where 1 was 
“very expressive” and 4 was “not at all expressive.” Each of 
these 15 participants was assigned to one of the three lists, so 
that five participants rated each couplet. They were first 
presented with 8 practice couplets; four were categorized by 
the authors as “very expressive”; four were categorized as “not 
at all expressive.” We observed agreement on these ratings 
which was significantly greater than chance, Fleiss’ κ = .29, z 
= 34.5, p = 0, indicating that raters were sensitive to couplet 
expressivity. Ratings from all five raters were averaged, 
resulting in an Expressivity score for each couplet.  
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3. Results 

3.1. Acoustic and perceptual ratings 

Before investigating our research questions, we measured the 
consistency between acoustic and perceptual ratings of 
expressivity and rhythmicity.  

3.1.1. Acoustic and perceptual measures of rhythmicity 

In order to objectively quantify the rhythmicity of productions, 
we identified the timing of the onsets of strong syllables 
(bolded in (1)): For each couplet, we computed the standard 
deviation of the latencies (SD_Latency_Strong) between the 
onset of strong syllables 1 and 2 (down and fish), syllables 2 
and 3 (fish and no), and syllables 3 and 4 (no and all). SD 
Latency ranged from 1 ms to 850 ms. This measure was highly 
correlated with the average Rhythmicity rating, R = .48, p < 
.0001, such that higher variability in the timing onsets of 
strong syllables was associated with lower Rhythmicity ratings 
(Figure 1). Recall that a lower number indicates a higher 
rating of Expressivity. This result suggests that timing 
variability was one factor that raters used in their Rhythmicity 
judgments.  

3.1.2. Acoustic and perceptual measures of expressivity 

As intonational variability has been identified as a strong 
marker of expressivity in speech [20], and child-directed 
speech exhibits greater pitch variability [21], we computed an 
acoustic measure of expressivity based on pitch. For each 
couplet (e.g., 1A, 1B), we computed the standard deviation of 
the mean F0 (SD_F0_Word) for each word. This measure was 
highly inversely correlated with the average Expressivity 
rating, R = -0.18, p < .001 (Figure 2). Recall that a lower 
number indicates a higher rating of Expressivity. This result 
demonstrates that F0 variability was one factor that raters used 
in their Expressivity judgments.  

Figure 1: Correlation of average perceived rhythmicity rating 
of a couplet and the standard deviation of the latency of onsets 

between the strong syllables of the couplet. 

 Figure 2: Correlation of average perceived expressivity rating 
of a couplet and the standard deviation of the mean F0 of each 

word in the couplet. 

3.2. Relationship between Expressivity and 
Rhythmicity 

In order to determine whether there is a consistent relation 
ship between rhythmicity ratings and expressivity ratings, we 
conducted a correlational analysis comparing the Expressivity 
and Rhythmicity scores for each couplet. Pearson’s 
correlational coefficient was R = .03, which did not reach 
significance, p = .48, indicating no systematic relationship 
between perceived expressivity and perceived rhythmicity. 

3.3. Intraverse Expressivity and Rhythmicity 

In order to investigate the consistency between the 
Rhythmicity and Expressivity scores of the first and second 
couplets of a single verse, we analyzed these scores separately 
on a single-couplet basis using a linear mixed-effects model 
implemented in the languageR package [26] implemented in 
the R statistical programming language (R Core Development 
Team, 2012). 
We computed models in which we predicted an A couplet’s 
Rhythmicity/Expressivity score from one fixed effect (the B 
couplet’s Rhythmicity/Expressivity score) and two random 
effects: The individual reader and the verse that the couplets 
comprised. In this way, we could see whether the 
Rhythmicity/Expressivity of one half of a couplet predicted 
the Rhythmicity/Expressivity of the second half after 
accounting for differences across speakers and items. We 
estimated the significance level of the fixed effect using 
Markov Chain Monte Carlo sampling [27]. 

Fixed Effects Est. SE t pMCMC 
Intercept 2.045 0.17 12.06 <.001 

Rhythmicity 
of couplet A 

0.16 0.07 2.35 <.05 

Table 1. Parameter estimates of mixed-effects model 
predicting Rhythmicity of couplet B. 

Fixed Effects Est. SE t pMCMC 
Intercept 1.45 0.18 8.08 <.001 

Expressivity of 
couplet A 

0.43 0.06 7.61 <.001 

Table 2. Parameter estimates of mixed-effects model 
predicting Expressivity of couplet B. 
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Across speakers and verses, the Rhythmicity rating of the first 
couplet of a verse was predictive of the rating of the second 
couplet, t = 2.35, p < .05 (Table 1). The simple correlation 
between the Rhythmicity ratings of the first and second 
couplets are presented in Figure 3. This result demonstrates 
that, across speakers and items, the rhythmicity of the first 
couplet was predictive of that of the second couplet. 

Figure 3: Correlation of average perceived rhythmicity rating 
of the first and second couplet of verses. 

 
Figure 4: Correlation of average perceived expressivity 

ratings of the first and second couplet of verses. 
 

Across speakers and verses, the Expressivity rating of the first 
couplet of a verse was predictive of the rating of the second 
couplet, t = 7.61, p < .001 (Table 2). The simple correlation 
between the Expressivity ratings of the first and second 
couplets is presented in Figure 4. This result demonstrates 
that, across speakers and items, the expressivity of the first 
couplet was predictive of that of the second couplet. 

4. Discussion 
In order to begin to explore the features of rhythmic children’s 
books that support literacy development, we have constructed 
a spoken corpus of sixteen productions of The Cat in the Hat 
by Dr. Seuss. We gathered perceptual ratings of both the 
rhythmicity and expressivity of many of the verses from the 
text, and identified acoustic correlates of these perceptual 
ratings. Specifically, we found that rhythmicity ratings were 
correlated with variability in the timing of the onsets of the 
strong syllables of couplets and that expressivity ratings were 

correlated with F0 variability across words. These results 
demonstrate that naïve raters can successfully rate perceived 
expression and rhythm in speech [5]. 
We found no correlation between the rhythmicity and 
expressivity ratings of the individual couplets. This result 
demonstrates that expressive speech is not inherently any more 
or less rhythmic than non-expressive speech. Furthermore, it 
shows that participants are able to rate speech rhythmicity 
independently of speech expressivity, disproving an original 
concern of the study that participants would not be able to 
differentiate these two features. 
Finally, we observed intraverse relationships for both the 
rhythmicity and expressivity ratings. That is, even after 
accounting for differences across individual speakers and 
individual verses, it is still the case that the rhythmicity or 
expressivity of the first couplet of a verse is significant 
predictor of the rhythmicity or expressivity of the second 
couplet. These results are particularly striking as the 
rhythmicity and expressivity of the first and second couplet of 
a verse were always rated by different sets of participants. 
This result suggests that readers of rhythmic texts are 
consistent in their productions of whole verses, suggesting that 
readers engage in self-entrainment in both their rhythmicity 
and expressivity. 
It may be the case that, like the adults in the current study, 
children demonstrate self-entrainment when reading rhythmic 
prose, and that this process helps improve their rapid auditory 
processing, leading to improved reading fluency [13]. Follow-
up studies will investigate (1) whether children reading The 
Cat in the Hat also show self-entrainment within verses and 
(2) whether reading overtly rhythmic prose improves 
children’s overall fluency. 

5. Conclusions 
We have generated a corpus of child-directed speech that 
varies in its rhythmicity and expressivity. Moreover, we have 
identified acoustic correlates of these perceptual measures. We 
have demonstrated that there is no consistency between the 
rhythmicity and expressivity ratings of individual couplets. 
However, there is strong intraverse consistency for both 
rhythmicity and expressivity. 
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