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ABSTRACT 

 
Introduction: The relationship between speech production and the respiratory system in 

infancy is not well understood. A potentially informative aspect of infant speech development is 

the timing between vocalization and expiration. It is an empirical question whether different 

utterance types are initiated and/or terminated at similar expiratory times and volumes. This 

study explored respiratory patterns in timing for single-syllable utterances in infants around the 

first year of life. 

Methods: Vocalizations and breathing kinematics of 10 infants between 9 and 16 months 

of age were recorded while the infants interacted with their mothers. Two variables related to 

utterance timing during the expiratory phase were measured: (a) the lag between the start of 

expiration and the start of the utterance, and (b) the lag between the end of the utterance and the 

end of expiration. Scatterplots of the two variables were used to explore patterns for both 

individual infants and infants grouped into a younger or older age category. 

Results: There were distinguishable patterns in the relationship between the timing of 

single-syllable utterances and the breath support. Whereas, younger infants tended to have little 

variability in their respiratory timing-to-utterance production patterns, older infants showed 

greater variability in these patterns. At least one infant in each age category had patterns that 

resembled those of the other group. 

Discussion: This study revealed that patterns in respiratory timing for single-syllable 

utterances in infancy are both detectable and informative. The findings help explain the 

relationship between breathing and vocal production late around the first year of life. Pattern 

variation may be explained by additional factors that might help identify atypical development in 

infancy via an explanatory model of normally developing infants engaged in speech production. 
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CHAPTER 1 

REVIEW OF THE LITERATURE 

 
Communication and Speech Breathing 

During the first year of life, healthy infants develop the ability to interact with others 

(Oller, Eilers, & Basinger, 2001; Papaeliou, Minadakis, & Cavouras, 2002). Increasing 

complexity in an infant’s vocalizations change over time, and assist the infant in becoming more 

effective as a social communicator (Oller, 2000; Stark, Bernstein, & Demorest, 1993). How 

infants use the respiratory system to support speech production is not well understood. However, 

a research gap is evident regarding infants’ abilities to alter vocalizations and respiration within 

the context of communicating with a partner (e.g., a parent). Specifically, the mother-infant 

interaction literature has not attempted to give a perceptually based account of how the speech 

output of one conversational partner (mother or infant) produces anticipation or physiological 

changes in the other partner (Jaffe, Beebe, Feldstein, Crown, & Jasnow, 2001; Papoušek & 

Papoušek, 1989). Adult speakers are able to control the speech breathing mechanism in order to 

modify speech in ways that influence adult listeners (Gottman & Ringland, 1981). Adults can 

anticipate respiratory needs for speech during the inspiratory phase and can control the 

expiratory phase of breathing in order to maintain an utterance. However, the evidence forms 

another gap here. It is unknown how this influencing behavior affects the speech production of 

infants, if at all (Boliek, Hixon, Watson, & Morgan, 1996). The effects of infant age as a relevant 

factor in how adult speech output impacts infant speech output is also unclear. 

Respiratory Development in Infancy 

Rib cage contribution to respiratory movements in newborns may be limited due to the 

rib cage’s shape, high compliance, and deformability. As infants grow, the rib cage begins to 
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resemble that of a typically developing child. Hershenson, Colin, Wohl, and Stark (1990) 

predicted that the rib cage contribution to tidal volume would increase with age (i.e., with growth 

and maturation). They reported that as infants grow and the rib cage develops, respiratory cycles 

begin to mimic those of adults. However, this finding may not be due solely to rib cage 

development. Because of the form of measurement, this change in respiratory movement may 

also be due to the maturation of the diaphragm. Hershenson et al. (1990) also cited several 

limitations to their study, the most prominent being that measurement of respiratory muscle 

movement occurred only during infants’ quiet sleep. While there is no evidence to suggest that 

these changes in respiratory movements and muscle contribution do not occur during active 

sleep, intermittent sleep, or while infants are awake, further research is necessary to solidify the 

change occurring during these active periods of infant development.   

In their review of prenatal and postnatal lung development, Charnock and Doershuk 

(1973) emphasized the rapid growth of the respiratory system following birth. This included an 

increase in the diameter of the chest in both the anteroposterior and transthoracic dimensions, 

due to growth in the respiratory components in the lungs. 

Respiratory Measurement in Infants 

When assessing lung function, the infant and pediatric respiratory system is not simply a 

smaller version of the adult respiratory system. For example, airway pressure is not evenly 

distributed throughout the lung system in infants with airway obstruction. This uneven 

distribution of airway pressure may lead to inaccurate measurement of airway resistance values. 

Simple measurement techniques might not be sustainable for infants due to the inaccurate 

commutations due to unevenly distributed air pressure. Arets and van der Ent (2004) reported 

that measurements were most accurate when forced expiration was not a combining factor. These 
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measures may be effective in infants performing spontaneous tidal breathing, but not for 

expiration in combination with speech production.  

A number of techniques have been available for use in testing infant lung function. 

Milner (1990) reported that these techniques include (a) esophageal pressure and mouth flow 

measurements, (b) total body plethysmography, (c) weighted spirometer systems, (d) closed 

circuit lung volume measurements, (e) single breath lung mechanics, and (f) forced partial 

expiratory flow volume curves. A common limitation of all of these measurements involves the 

cooperation of the subject. Few infants will tolerate masks, making sedation a frequent necessity. 

Because sedation is often necessary, these measurements usually are used to track tidal breathing 

during inactive sleep cycles. The two techniques most commonly used have been esophageal 

pressure and mouth flow movements and plethysmography.  

Gaultier (1995) reported that the measurement of respiratory muscle function in infants is 

limited. Limitations most frequently arise due to objections of invasive techniques and subject 

opposition. However, Gaultier (1995) outlined several techniques with substantial evidence that 

provided information about muscle strength and function within an infant’s respiratory system. 

For example, measurement of airway pressure during crying may be one measure to assess 

respiratory muscle strength in infants. On the other hand, patterns in the movements of the rib 

cage and abdomen can be assessed using uncalibrated respiratory inductive plethysmography. 

Unfortunately, this and other methods of respiratory muscle strength measurement must be used 

while an infant sleeps. While this provides researchers with several measurement options for 

tidal breathing, options remain limited when assessing breathing occurring during vocal 

production when an infant is awake.   
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Respiratory inductive plethysmography (RIP) is a method used to assess breathing 

patterns in infants without any obstruction of their airway. Warren and Alderson (1986) made 

infant respiratory calculations while infants were in a quietly awake state of arousal. Infant 

positioning was altered (prone and supine) to test the validity of position change on statistical 

measurements. The authors found no change in breathing patterns when comparing the infants’ 

positions. The only change in infant breathing patterns occurred when an infant became agitated, 

thus altering the state of arousal to agitated behavior. This study suggested that breathing pattern 

data can be collected accurately when infants are in different positions as long as the infants do 

not become agitated.   

Measurement of tidal volume (VT) is extremely important in assessing respiratory status 

in newborns and infants. However, the most widely used measurement of VT, respiratory 

inductive plethysmography (RIP), is limited when addressing the newborn and infant population. 

These limitations occur due to subject anxiety and the need for subject cooperation. Adams, 

Zabaleta, Stroh, Johnson, and Sackner (1993) found that RIP can be calibrated with qualitative 

diagnostic calibration (QDC), which requires no subject cooperation. This form of measurement 

calibration provided comparable results when compared to other forms of RIP calibration. 

However, Adams et al. (1993) only targeted respiratory function during tidal breathing. The 

limitations of QDC used for respiratory calibration during speech production are unknown when 

using RIP. 

Infant Vocalization and Breathing 

What is known about infant vocalization and breathing has been provided by studies 

focusing on chest wall movements (Boliek, Hixon, Watson, & Morgan, 1996, 1997; Connaghan, 

Moore, & Higashakawa, 2004; Langlois, 1975; Moore, Caulfield, & Green, 2001; Parham, 
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Buder, Oller, & Boliek, 2011; Reilly & Moore, 2009). These studies provided data indicating 

infant respiration rates are not consistent throughout all vocalizations. Infants tended to produce 

shorter inspiratory cycles when crying than when producing non-crying vocalizations, which 

were both longer than inspiration associated with vegetative breathing (Boliek, Hixon, Watson, 

Morgan, 1996). However, our understanding of inspiration data has stopped there. No 

information appears to indicate differences based on lung volume, non-crying vocalization 

differentiation, or mother-infant interaction. Additionally, no differentiation has been found to 

segregate boys and girls (Boliek, Hixon, Watson, Morgan, 1996).  

One fundamental question related to infant speech development is how vocalization and 

breathing interact. Studies focusing on breathing behaviors during the first years of life have 

consistently reported no differences among broad categories of an all-inclusive class of non-cry 

vocalizations. These studies compared non-speech vocalizations, single- and multi- syllabic 

utterances, and true words (Boliek et al. 1996, 1997; Connaghan et al., 2004; Moore et al., 2001). 

This research concluded that similarities in respiratory movements for different utterances 

occurred due to kinesthetic movements of the chest wall; the studies refrained from further 

investigation of additional respiration qualities (e.g., tracheal pressure) (Boliek, Hixon, Watson, 

Morgan, 1996). Furthermore, it is has not yet been determined whether these excluded variables 

are noteworthy in describing differences in infant non-cry vocalizations. 

Only one previous investigation of infant sound productions explored differences in 

breathing support within the group of speech related vocalizations on the basis of categorization 

of syllable types as (a) unarticulated or (b) canonical (Parham, Buder, Oller, & Boliek, 2011). A 

potentially informative aspect of infant speech development is the timing between vocalization 
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and expiration. Whether different utterance types are started and/or ended at similar expiratory 

times remains an open question. 
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CHAPTER 2 

MOTIVATION FOR THE STUDY 

 
Motivation 

Much evidence has been provided to supply information concerning infant respiratory 

physiology on the one hand and vocalization on the other. However, the bridge between these 

two areas is often undetermined in research of infant respiration research and infant vocalization 

research. Given the provided evidence, it is not clear whether speech-related breathing in early 

infancy is a form of tidal breathing or is a distinct modality of respiration, which emerges during 

vocal development. The distinction between tidal breathing and speech-related breathing appears 

to become evident by the second half of the first year of life (Parham et al., 2011). Inspiration 

during speech-related breathing is shorter and often initiated at lung volumes higher than those 

observed during tidal breathing (Boliek et al., 1996, 1997). This may reflect the influence of the 

larynx to control airflow during speech-related breathing cycles. The development of the infant 

respiratory system parallels infant motor development and may account for an increased control 

of airflow during speech-related breathing as the infant increases in age and maturation. 

However, the current available studies have only begun to bridge this gap of knowledge. They 

offer only a start to providing the necessary information to understand infant speech-related 

breathing and early speech development (Parham, 2013).   

This study explored age-related patterns in expiratory timing for single-syllable 

utterances in infants around the first year of life. Infants ranging from 9 months to 16 months 

were included because that time frame is when infants produce a variety of vocalizations. Single-

syllable utterances were chosen as the unit of analysis because they are produced more often than 

multi-syllabic utterances.  
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Variables of Interest 

In order to develop patterns of timing that could be compared, the study measured two 

variables that describe the timing relationship between expiration and utterance production:     

(1) the lag between the start of expiration and the start of the utterance, and (2) the lag between 

the end of utterance and the end of expiration. By plotting the lag between the expiratory phase 

start and the utterance start on a y-axis, and the lag between the utterance end and the expiratory 

phase end on the x-axis, possible respiratory-utterance patterns could be created, and—as a 

result—actual values were compared across and within infants. Figure 1 (Parham, 2012a, 2012b; 

Parham, Francois, & Blincoe, 2012) presents the possible patterns. Black curves represent 

respiratory cycles; red segments represent utterances and their duration (from left to right) within 

the expiratory phase of the respiratory cycle.  

 

Figure 1. Graph of possible respiratory-utterance timing patterns. 
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This graph was used to speculate about the timing relationships between the expiratory 

phase and utterance production. For example, longer utterances that use the entire expiratory 

phase would be located in the bottom left area of the plot. Shorter utterances that occur in the 

middle of the expiratory phase—and that do not require much air would fit in the top right area. 

Research Questions 

Using the two variables of interest, this study attempted to answer two research 

questions:  

(1) Are there age-related patterns in expiratory timing for single-syllable utterances in 

infants around the first year of life?  

It was predicted that older children in this study (14 to 16 months of age) would have 

more variety in their patterns than the younger children (9 to 12 months). Variety was indexed as 

the area of data points occupied in the scatterplots.  

(2) What individual patterns might emerge?  

It was predicted that the infants would show differences within the age groups, namely 

that some of the younger infants might perform like the older infants, and vice versa. 
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CHAPTER 3 

METHODS 

 
IRB Approval/Patient Confidentiality 

The protocols for this study were approved by the Institutional Review Board at Wichita 

State University (IRB No. 1425; Project Title: “Vocalization and Speech Breathing in Infants 

and Adults”). The WSU Institutional Review Board (IRB) approval letter and the IRB consent 

form are found in the Appendixes (Appendix A and Appendix B, respectively). The parents of 

the participants signed an informed consent form allowing their infants to be subjects, and 

families received $20.00 compensation for their participation in each recording. 

Study Population 

The subjects for this study were 10 infants ranging in age from 9 to 16 months. Every 

infant was born at full term, healthy, and typically developing according to parent report. No 

infant was recently (i.e., within 3 months) or presently ill (e.g., respiratory illnesses or ear 

infections) during the recording. For an age group comparison, the infants were categorized into 

a younger group (9 to 12 months) and an older group (14 to 16 months). Because of previous 

reports in the literature that indicated no difference in the respiratory variables of male and 

female infants (Boliek et al., 2006), there was no strategy to recruit equal numbers of male and 

female infants. Unpublished existing data was used to increase the number of infant subjects to 

10 for this study. The infants’ ages, in weeks, were as follows: 37.5, 39, 42, 45, and 49 (younger 

group); 61, 64, 64, 65, and 66 (older group). All families were monolingual English-speaking. 

Setting 

The recordings took place in the two-room Speech Development and Communication 

Lab at the Metroplex. The first room was an observational playroom. The second room was 
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equipped with a large one-way mirror for observation and contained all of the instrumentation 

and recording equipment. 

Instrumentation  

Respiratory movements were measured using a respiratory inductive plethysmography 

(RIP), specifically Inductotrace®, Model 10.9000 (Ambulatory Monitoring, Inc., Ardsley, NY). 

The Inductotrace® is a standard system used in infant/child respiratory research; there is no 

electrical connection between a participant and the instrumentation (Boliek et al., 1996, 1997; 

Parham et al., 2001). 

Speech output from the participants was captured using a Sennheiser Evolution G2 100 

Series wireless microphone system (Sennheiser Electronic Corporation, Old Lyme, CT), which 

used a lapel microphone attached to the infant’s shirt. A high-quality digital audio recorder was 

used to capture an additional audio signal. 

Except for the digital audio recorder, all signals were captured using USB-based data 

acquisition modules (Data Translation, Inc., Marlboro, MA) at 10, 000 samples per second, then 

digitally recorded and stored on a computer using a software program called TF32 (Lab 

Automation Level; Milenkovic, 2001). 

Study Protocol 

Each infant was placed in a high chair in the observational playroom, with the parent 

seated in a comfortable chair facing the infant. If an infant was wearing multiple layers of 

clothing on his or her torso, they were removed until there was only one layer to allow for proper 

placement of the RIP elastic bands. Next, the microphones and respiratory instruments were 

placed on the infant. Following standard procedure, two RIP elastic bands were placed around 

each infant—one at the rib cage and one at the abdomen—to track all chest wall movements 
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associated with respiration. The respiratory signals were calibrated using standard protocol 

(Boliek et al., 1996). 

The parents were given the following instructions: “Please play naturally with your child 

as you would at home.” Speech output and respiratory movements were collected from the infant 

during face-to-face interaction and free play with the parent. Recordings continued as long as the 

child was alert and active up to 45 minutes, and were ended if the infant became distressed. The 

approximate range of recording times was 15 minutes to two-and-a-half hours (see Table 1). 

Data Analysis 

Each infant’s speech output and respiratory signals were examined to determine whether 

both the rib cage and abdominal signals were analyzable. The rib cage and abdominal signals 

were calibrated, added together, and downsampled to 100 samples per second to create a signal 

representing overall chest wall movement. This was the signal that was used to measure the 

durations of the expiratory phases and the lags relating to the utterances. 

Two independent coders identified the vocalizations in each recording, including all of 

single-syllable utterances that were associated with analyzable expiratory phase signals (i.e., 

expiratory phase and utterance signal pairs). In order to determine the variability within and 

across the infants, the coders calculated the means, standard deviations, and medians of the 

expiratory phase durations and utterance durations, as well as identified the minimum and 

maximum scores of each duration type.  

Table 1 shows the number of vocalizations that each infant produced across his or her 

respective recordings, as well as the number of analyzable expiratory cycle and single-syllable 

utterance signal pairs produced by each infant.  
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TABLE 1 
 

NUMBER OF ANALYZABLE EXPIRATORY PHASE AND SINGLE-SYLLABLE 
UTTERANCE SIGNAL PAIRS PRODUCED BY EACH INFANT 

 

Infant Recording time 
(hours, minutes) 

Total      
vocalizations 

Number of expiratory phase and 
utterance signal pairs 

Younger group 
A 1h, 7m 552 22 

B 0h, 37m 234 20 
C 0h, 41m 162 12 

D 0h, 29m 209 15 
E 1h, 23m 159 40 

Older group 
F 0h, 39m 156 10 

G 0h, 13m 55 12 
H 2h, 46m 864 66 

I 0h, 41m 235 50 
J 0h, 52m 273 47 
 
As Table 1 shows, despite the large number of total utterances produced by the infants, a 

small number of each infant’s single-syllable utterances were associated with expiratory phase 

signals that were analyzable. 

The coders then measured and tabulated (a) the lag between the start of expiration and the 

start of each single-syllable utterance, and (b) the lag between the end of the utterance and the 

end of expiration. Both variables were measured in milliseconds. As with the expiratory phase 

and utterance durations, the coders calculated the means, standard deviations, medians, minima, 

and maxima of both of the lag variables for each infant. 

Figure 1 shows an example of the variables that were measured using the signal pair.  
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Figure 2. Example of single-syllable utterance signal (top), expiratory phase signal (bottom), and 
variables measured (black lines, excluding percent). 

 

Data Visualization and Comparisons 

In order to answer the research questions, the collected data was plotted on scatterplots 

with the lag between the expiratory phase start and the utterance start on a y-axis, and the lag 

between the utterance end and the expiratory phase end on the x-axis and examined for patterns.  

(1) Are there age-related patterns in expiratory timing for single-syllable utterances in 

infants around the first year of life?  

Instead of combining the data into one scatterplot for the younger infants and one for the 

older infants, separate scatterplots for each infant were created to allow for patterns to be 

detected.  
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(2) What individual patterns might emerge?  

Each infant’s scatterplot was analyzed for patterns (e.g., did the infant’s data cluster in 

one area of the scatterplot, or are the data spread out on the graph?). As with the previous 

question, the scatterplots were arranged together to determine if a specific infant’s data appeared 

differently from those of infants in the same age group. 
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CHAPTER 4 

RESULTS 

 
Results of Descriptive Statistics 

The means, standard deviations, medians, minima, and maxima for the expiratory phase 

durations and the single-syllable utterance durations are presented in Table 2.  

TABLE 2 
DESCRIPTIVE STATISTICS FOR EXPIRATORY PHASE DURATIONS AND           

SINGLE-SYLLABLE UTTERANCE DURATIONS 
 

 Descriptive statistic 

Infant N Mean SD Median Minimum Maximum 

Duration of expiratory phases associated with an utterance (milliseconds) 
A 22 783.2 530.3 515 270 2000 

B 20 1420.5 917.8 1095 600 3940 
C 12 1258.3 855.9 915 450 3040 

D 15 714.7 379.1 520 310 1560 
E 40 1622.3 360.5 1610 810 2650 

Younger group 109 1250.9 695.7 1210 270 3940 
F 10 832.0 363.4 775 350 1330 

G 12 1162.5 620.1 1025 360 2250 
H 66 1001.5 375.4 945 390 2200 

I 50 956.2 356.9 945 420 1980 
J 47 1238.9 351.8 1250 610 2620 

Older group 185 1050.9 399.8 1020 350 2620 
All infants 294 1125.0 536.8 1045 270 3940 

Duration of single-syllable utterances (milliseconds) 
A 22 468.4 402.4 356.1 78.1 1907.5 

B 20 988.5 796.7 742.1 209.8 3140.5 
C 12 602.5 714.5 295.7 171.0 2447.1 

(Table 2 continues) 
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TABLE 2 (continued) 

 Descriptive statistic 

Infant N Mean SD Median Minimum Maximum 

Duration of single-syllable utterances (milliseconds) 

D 15 432.0 351.3 285.2 91.6 1203.2 
E 40 828.5 385.9 803.8 107.5 1650.8 

Younger group 109 705.7 555.3 541.7 78.1 3140.5 
F 10 377.1 93.8 345.3 241.3 503.9 

G 12 354.1 149.0 301.1 192.2 635.0 
H 66 294.6 145.0 256.7 80.4 715.8 

I 50 480.4 205.1 486.4 120.1 1175.5 
J 47 460.6 168.2 415.8 232.6 1057.7 

Older group 185 395.3 185.1 364.0 80.4 1175.5 
All infants 294 510.4 397.2 390.5 78.1 3140.5 
 

Although the standard deviations for both of the duration measures are high across the 

infants, this variability is consistent with duration measurements reported elsewhere in the 

literature (Parham et al., 2011). 

The means, standard deviations, medians, minima, and maxima for the two lag variables 

are presented in Table 3.  

TABLE 3 
DESCRIPTIVE STATISTICS FOR LAG VARIABLES 

 
 Descriptive statistic 

Infant N Mean SD Median Minimum Maximum 

Lag between start of expiration and start of utterance (milliseconds) 
A 22 137.8 156.5 97.5 15.1 772.2 

B 20 142.9 104.0 114.3 1.0 335.2 
C 12 229.9 386.3 123.7 37.2 1446.5 

(Table 3 continues) 
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TABLE 3 (continued) 

 Descriptive statistic 

Infant N Mean SD Median Minimum Maximum 

Lag between start of expiration and start of utterance (milliseconds) 

D 15 87.3 39.7 86.2 26.8 153.3 
E 40 274.5 184.2 240.7 2.1 856.5 

Younger group 109 192.1 198.9 135.7 1.0 1446.5 
F 10 155.5 112.4 121.5 50.6 396.7 

G 12 259.7 408.7 115.3 24.3 1508.8 
H 66 295.5 280.0 235.1 1.0 1353.4 

I 50 205.0 246.7 124.4 6.8 1027.6 
J 47 286.1 193.0 253.9 1.1 993.8 

Older group 185 258.8 256.6 191.9 1.0 1508.8 
All infants 294 234.0 238.7 171.9 1.0 1508.8 

Lag between end of utterance and end of expiration (milliseconds) 
A 22 177.3 343.3 27.2 1.0 1275.7 

B 20 289.4 355.3 192.1 1.0 1336.9 
C 12 426.3 311.8 450.2 1.0 1054.8 

D 15 195.4 184.4 141.6 3.2 728.5 
E 40 519.2 314.7 496.8 1.0 1245.0 

Younger group 109 353.3 341.4 253.5 1.0 1336.9 
F 10 302.2 302.8 144.8 21.6 835.7 

G 12 574.8 386.9 527.4 4.0 1249.6 
H 66 411.4 295.8 368.1 1.1 1567.4 

I 50 283.6 319.1 157.5 2.9 1249.8 
J 47 492.2 283.4 454.3 2.0 1294.5 

Older group 185 402.1 316.2 362.0 1.1 1567.4 
All infants 294 384.0 326.0 333.2 1.0 1567.4 
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In the case of these data for the two lag variables, the variability across infants is apparent 

given not only the large standard deviations, but also in the minimum and maximum scores. For 

this reason, the median scores are a more accurate measure of central tendency for the lags. 

Results of Scatterplot Visualization 

The visual representation of the two timing relationship variables for all 10 infants is 

found in Figure 3 and Figure 4. In all of the scatterplots, the lag between the start of the 

expiratory phase and the start of the utterance is plotted on the y-axis, and the lag between the 

end of the utterance and the end of the expiratory phase is plotted on the x-axis. Individual data 

points are identified by red markers: the red circles indicate data that lie under the 90th percentile 

on both of the lag variables; the red crosses signify that the data point lies outside of the 90th 

percentile on one or both of the lag variables. The black diamond represents the median for both 

lag variables. Figure 3 presents the scatterplots for the young infants; Figure 4 shows the older 

infants’ data. 
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Figure 3. Lag scatterplots of the five younger infants (37.5 to 49 weeks). 
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Figure 4. Lag scatterplots of the five older infants (61 to 66 weeks). 
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CHAPTER 5 

DISCUSSION 

 
Restatement of Research Questions and Findings 

This study explored age-related differences in two expiratory-phase timing variables: (a) 

the lag between the start of expiration and the start of the single-syllable utterance and (b) the lag 

between the end of utterance and the expiratory end. These two variables were used to explore 

two research questions in infants between the ages of 9 and 16 months. 

(1) Are there age-related patterns in expiratory timing for single-syllable utterances in 

infants around the first year of life?  

The younger infants’ data all resembled a limited amount of variety present in the lag 

between the expiratory start and the utterance start. The data indicates increased variation of lags 

between expiratory start and utterance start as infants increased in age. Additionally, the younger 

infants’ lags between utterance end and expiratory end increased as infant age increased. 

However, it should be noted that these infants all indicated limited variety in utterance type when 

compared to Infant E, the oldest infant in this grouping. The younger infants consistently used 

the entire expiration for utterance production, leaving no gap between the expiratory start and 

utterance start or utterance end and expiratory end.  

The scatterplots identifying the older infants indicate an increased amount of variation 

and control of the expiratory phase when used for utterance production. The older infants’ data 

indicates an increased ability to control the lag between expiratory start and utterance start, as 

well as to control lag between utterance end and expiratory end. Much like with the younger 

infants, the ability to control expiration for utterance production appeared positively related to 

infant age. However, while the ability to control expiration for utterance production increased in 
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the group of older infants, infants appeared still unable to control the lag between expiratory start 

and utterance start and lag between utterance end and expiratory end during the same utterance 

production. Infants in this age group (61 weeks to 66 weeks) did not indicate full control of the 

expiratory phase during utterance production, unlike what would be seen in adult-like utterance 

productions.   

Predictions of age-related patterns supposed expanded control of expiratory start and end 

during single-syllabic utterances. This control could account for decreased difference in lag 

between the expiratory start/end and the utterance start/end. Studies supporting this prediction 

suggest that the development of the neuromuscular system assists in advanced control of chest 

wall movements, necessary for utterance production, and shortening necessary lag time (Reilly et 

al., 2009). 

(2) What individual patterns might emerge? 

Among the data for the younger group of infants, the data collected for Infant E indicated 

a greater variety in expiration used for utterance production when compared to the other infants 

in the younger group. Infant E’s lags between expiratory start and utterance start and lags 

between utterance end and expiratory end had greater median values than the younger infants 

within the same age group. Infant E consistently showed the ability to vary the amount of lag 

time prior to and following the utterance production. This ability was not noted in data collected 

from infants within the same grouping (37.5 weeks to 49 weeks).   

In the older group of infants, Infants F and G did not produce as many single-syllabic 

utterances when recorded for the purpose of this study. Consequently, the data does not show a 

large variety of utterance control when compared to Infants H, I, and J within the same age 

category (61 weeks to 66 weeks). However, these infants still exhibited the ability to control 
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expiratory function to create a greater lag time on both ends of the utterance production. Because 

of the limited amount of usable data produced by these infants during recording, the median data 

point resembles those produced by the infants in the younger group.  

Further research is needed to determine if these individual patterns can be explained by 

additional factors. Infant age, development status, parent-infant interaction, and/or infant state of 

activeness all seem to play a role in the emergence of these patterns. These factors may play an 

important role due to parent modeling behavior and infant motivation during speech utterances 

and speech preparatory breathing. These data also may provide an example of typically 

developing infant breathing and an observation of atypical development factors.  

There are questions related to respiratory timing that this study cannot address, but the 

current findings can help to improve understanding of speech production. Previous studies 

indicate that a region of the midbrain known as the periaqueductal gray matter (PAG) is 

necessary for vocalization (Davis, Zhang, Winkworth, & Bandler, 1996). Davis, Zhang, 

Winkworth, and Bandler (1996) used a technique called excitatory amino acid microinjections in 

cats to test the importance and function of PAG for vocalization. Their study indicated that the 

PAG might also be necessary as a generator of specific respiratory and laryngeal motor patterns 

necessary for human speech. The implications of the Davis, Zhang, Winkworth, and Bandle 

(1996) study were that respiratory and laryngeal motor patterns may be connected to speech 

production and vocalizations through the PAG.  

Evidence suggests that an intact midbrain is responsible for most respiratory changes and 

vocalizations caused by emotional reactions and behaviors. Specifically, the lateral part of the 

caudal two-thirds of the periaqueductal gray matter (PAG) surrounding the aqueduct is the 

portion of the midbrain thought to be responsible for these respiratory changes and vocalizations. 
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In their review of the literature, Davis, Zhang, and Bandler (1996) reported that the PAG 

contains motor planning information for various types of vocalizations, mainly those connected 

to emotional reactions. Additionally, these motor patterns are linked to signals in the afferent 

control mechanisms, which are triggered by the availability of air in the lungs. This information 

suggests that the motor planning neurons in the PAG may be responsible for more vocalizations 

than those evoked thorough emotional reactions and behaviors. These neurons may be a 

“generator for more specific respiratory and laryngeal motor planning essential for human speech 

and song” (Davis, Zhang, & Bandler, 1996, p. 320). 

Study Limitations 

There are several limitations associated with any study of infant speech-related breathing. 

First, all of the infants produced a large number of utterances, but only a fraction of those were 

able to be used in this analysis. It could be that respiratory support for the other utterances is 

different than what is reported here. Second, it is always possible that the infants performed 

vocally in a different way than they would have at home or in a more familiar environment. 

Third, the Inductotrace® bands are negatively affected by movement, which helps explain why 

so many utterances were excluded, namely there was no analyzable expiratory phase signal to 

pair with them. Fourth, more subjects will be needed to determine if these patterns are 

generalizable to other infants in the age range included in this study. 

Conclusion 

Visualization of age-group data suggested some patterns in respiratory timing for 

syllables in general in these infants. Moreover, individual variation in the age groups might be 

explained by additional factors, which might relate to atypical patterns that can be identified 

early in infant development. The continuation of this research might lead to an explanatory 
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model of normally developing infants engaged in speech production, or perhaps provide 

information on atypical speech development in infancy.  
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APPENDIX A 
 

INSTITUTIONAL REVIEW BOARD (IRB) APPROVAL LETTER 
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APPENDIX B 
 

IRB APPROVED CONSENT FORM 
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