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ABSTRACT 

 
The critical window for language development is in the first three years of life. 

Throughout the second year, speech development is more rapid than at any other stage. The 

second year of life is marked by the emergence of increasingly complex utterances and 

vocabulary growth. Infants at this stage have growing demands on their respiratory system. This 

study explored the relationship between the timing of expiration and the timing of utterance 

production in infants in the second year of life. Single-syllable utterances of six healthy infants 

(17 to 25 months) were identified along with the expiratory phases underlying them. 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. 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. Visualization of these infants’ data 

suggested some patterns in respiratory timing for single-syllable utterances. There was some 

individual variation among the infants, but in general the older infants demonstrated more 

flexibility in the timing of respiration to support speech production. More research is needed to 

help explain how typically developing infants learn to produce speech, as well as identify 

possible physiological markers for increased language complexity in later infancy. 
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CHAPTER 1 

REVIEW OF THE LITERATURE 
 
 

Respiratory Development in Infancy 

The anatomic development of the human organ system is an ongoing process that begins 

with fertilization and continues into adult life (Charnock & Doershuk, 1973). Development is 

systematic, but also individually unique, such as each infant having a unique breathing pattern. 

Infant development is characterized by rapid growth and maturation of the breathing apparatus, 

leading to emerging respiratory control for budding speech production (Boliek et al., 1996). The 

respiratory system is most observable in infants through observations of rib cage and abdominal 

motion. Infants have a horizontal orientation of the ribs and a flatter diaphragm than an adult, 

thus causing a smaller zone of apposition and reducing the inspiratory action of both the 

diaphragm and rib cage muscle groups, leading to smaller breaths and intake of air (Reilly & 

Moore, 2009).   

As infants grow, the biomechanics of the chest wall undergo dramatic changes. Reilly 

and Moore (2009) stated that the defining characteristic of the developing chest wall is the 

minimum inspiratory forces generated by the infant rib cage. This gives the common observation 

that infants are “belly breathers”; producing changes in lung volume by displacement of the 

diaphragm rather than the rib cage. Thus, the first two years of life are associated with large 

decreases in the compliance of the chest wall and large increases in the inspiratory force 

generated by the rib cage, beginning to take shape similar to that of a typical developing child. 

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

(1973) highlighted the rapid growth of the chest after birth. This included an increase in the 

anteroposterior and transthoracic diameter of the chest, and proliferation and growth of the 
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respiratory structures during the first two months of life (Charnock & Doershuk, 1973). Infants 

have high degrees of freedom and flexibility available when attempting to achieve the 

aeromechanical drive required for inspiration and expiration, demonstrating highly variable 

breathing patterns around the first year of life. 

Infant Vocalization and Breathing 

 The current base of research that involves infant vocalization and breathing is provided 

by studies that measure chest wall movements. The available literature suggests that there are 

different patterns of movement for tidal breathing and speech breathing (Connaghan, Moore, & 

Higashakawa, 2004; Langlois, 1975; Langlois, Baken, & Wilder, 1980; Moore, Caulfield, & 

Green, 2001; Parham et al., 2011; Reilly & Moore, 2009; Wilder, 1972). It is known that infants 

use opposed chest wall kinematics when engaged in rest breathing versus breathing involving 

vocalizations. Connaghan and colleagues (2004) concluded that rest breathing was characterized 

by consistently rigid coupling among the rib cage and abdominal movements. On the other hand, 

breathing during vocalization was characterized by the opposite, a decrease in ribcage-abdominal 

coupling.  

Moore, Caulfield, and Green (2001) also emphasized the significant differences in 

respiratory kinematics between rest breathing and speech breathing indicated by their research 

with 15-month-old toddlers. Coupling of the rib cage and abdomen again was most consistent 

during rest breathing and decoupling and increased abdominal muscle activity during speech 

breathing (Moore et al., 2001). Differences between rest breathing and vocalization have also 

shown to be affected by age, height, and body position, but not gender (Boliek et al., 1996, 

1997).  

Across research studies, concrete data has shown differences between respiratory 
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kinematics of rest breathing and speech breathing. To take the research further is to ask the 

question of how do vocalization and breathing interact specifically. It is known through child 

development studies that vocalizations begin as vegetative utterances, crying, laughing, then 

transition to vocalic utterances, reduplicated babbling, variegated babbling, and reach the 

emergence of the “first words” around the first birthday. Studies focused on breathing behaviors 

during the first years of life have consistently reported no differences among broad categories of 

vocalization types, including cries, whimpers, grunts, and syllable utterances (Boliek et al., 1996, 

1997; Connaghan et al., 2004; Moore et al., 2001). As the child ages, syllable utterances 

increase, vocalization types vary, and the variability in motor skill acquisition progressively 

diminishes, becoming more stable.  

Development During the Second Year of Life 

The critical window for language development is in the first three years of life; 

throughout the second year, speech development is more rapid than at any other stage. Only one 

study has targeted differences in breathing support during varied non-cry vocalizations 

categorized by syllable types in infants in the second year of life (Parham, Buder, Oller, & 

Boliek, 2011). The second year of life is marked by the emergence of increasingly complex 

utterances and vocabulary growth. Infants at this stage have growing demands on their 

respiratory system. According to Parham and colleagues (2011), older infants may produce 

detectable articulation-related adaptations of breathing kinematics, switching from the phonatory 

variations used as younger infants.  

The relationship between vocalization and breathing is not well understood. Most studies 

on infant speech-related breathing collapse non-cry vocalizations together. These studies 

consider non-speech vocalizations, single- and multi- syllabic utterances, and true words to be 
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similar (Boliek et al. 1996, 1997; Connaghan et al., 2004; Moore et al., 2001). To date only one 

study has looked at differences between different syllable types (Parham, Buder, Oller, & Boliek, 

2011). This current study explored the relationship between the timing of expiration and the 

timing of utterance production in infants in the second year of life. Whether different utterance 

types are initiated and/or terminated at similar expiratory times and volumes remains an 

empirical question. This study might provide normative data that can be used to identify infants 

at risk for delays (Solomon & Charron, 1998). 
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CHAPTER 2 

MOTIVATION FOR THE STUDY 

 
Motivation 

A potential informative area 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 age-

related patterns in respiratory timing for single syllable utterances in infants in the second year of 

life. It was hypothesized that visualization of this data could suggest some patterns in respiratory 

timing for single syllable utterances in infants in the second year of life. If patterns exist, it was 

speculated that they could be explained by additional factors that might predict atypical 

development in infancy (e.g., breathiness or expressive language delays).  

Variables of Interest 

In order to compare timing patterns, the study measured two variables that describe the 

timing relationship between the expiratory phase and single-syllable utterances: (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. It is possible to plot the lag between the expiratory phase 

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

expiratory phase end on the x-axis. In this way, possible respiratory-utterance patterns could be 

compared across and within infants. Figure 1 (Parham, 2012a, 2012b; Parham, Francois, & 

Blincoe, 2012) shows the possible patterns. Black curves represent respiratory cycles (inspiration 

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

the expiratory phase.  
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Figure 1. Graph of possible respiratory-utterance timing patterns (Parham, 2012a, 2012b; 
Parham, Francois, & Blincoe, 2012). 

 

This graph was used to plot the relationships between the utterances and their respective 

breathing cycles. Utterances that take up the length of the expiratory phase are located in the 

bottom left area of the scatterplot. This relationship mimics that of crying, in which the entire 

expiratory phase underlies the cry. Shorter utterances that occur in the middle of the expiratory 

phase—and represent flexibility of timing before and after the utterance—are found in the top 

right of the scatterplot. 

Research Questions 

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

infants in the second year of life?  

An earlier study looked at breath support for single-syllable utterances in infants around 

the first year of life (Brady, 2013). Figures 2 and 3 show data from infants ages 9 to 15 months.  
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Figure 2. Lag scatterplots of five infants ages, 9 to 11 months (Brady, 2013; black diamond = 
median; red cross = data at the 90th percentile). 
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Figure 3. Lag scatterplots of five infants, ages 14 to 15 months (Brady, 2013; black diamond = 
median; red cross = data at the 90th percentile). 
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Visualization of that data suggested that older infants have more variety in their patterns 

of breath support, as indicated by more spread in the data in the scatterplots. The variety was 

explained by accounting for increased maturity of the respiratory system. With the results from 

that study as a starting point (Brady, 2013), the current study continued the same line of research 

looking at respiratory support for single-syllable utterances in children in the second year of life. 

It was speculated that older infants (i.e., infants approaching 24 months of age) would show 

more variety in their respiratory patterns than younger infants.  

(2) Are there individual patterns that emerge?  

It was hypothesized 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. 

This was seen in the Brady (2013) study. In Figure 2, Infant E demonstrated more variety in 

breathing patterns than the other younger infants, and the patterns of Infants F and G resemble 

those of younger infants more than they do those of their age cohort (Infants H-J). These 

differences reportedly reflected language development in the infants: younger infants with more 

varied patterns showed more language development than others in their age cohort; older infants 

with less varied patterns showed less language development than others in theirs. It was 

speculated that this phenomenon would be observable in the infants in this current study. 
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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”; Appendix A). After a member of the research team explained the purpose of the 

study and the study’s procedures, the parents of the participants signed an informed consent form 

allowing their infants to be subjects (Appendix B). Families received $20.00 compensation for 

their participation in each recording. 

Study Population 

The subjects for this study were six infants ranging in age from 17 to 25 months. Every 

infant was born at full term (i.e., within typical gestational limits). The infants were healthy and 

typically developing. For the purpose of this study, typical development has been defined as that 

of reaching age-appropriate development milestones in accordance with parent reports. No infant 

was ill within 3 months of the recording (e.g., respiratory illnesses or ear infections). Formal 

measures of height and weight were not taken during the recordings; all infants were within 

normal growth limits based on parent report. For an age group comparison, the infants were 

categorized into a younger group (17 to 19 months) and an older group (21 to 25 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), gender was a non-factor in 

recruitment. All families were monolingual speakers of American English. 



 11 

Setting 

The recordings took place in the Speech Development and Communication Lab at 

Wichita State University’s Metropolitan Complex. The lab contains an observational playroom 

where the recordings took place; this room was separated from an instrumentation room by a 

large one-way mirror.  

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 because no 

electrical connection exists between the subject and the RIP device (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). A lapel 

microphone was 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 playroom; the parent was seated in a 

comfortable chair facing the infant. If an infant was wearing multiple layers of clothing, the 

layers were removed until there was only one layer (typically a t-shirt or “onesie”); this allowed 
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for proper placement of the RIP elastic bands. Next, the microphones and respiratory instruments 

were placed on the infant. Following standard procedure, one RIP elastic band was placed 

around the rib cage and another around the abdomen—to track all chest wall movements. The 

respiratory signals were calibrated using standard protocols (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. In order to standardize the recordings as much as possible, the 

same stimuli (e.g., board books and small plush toys) were provide to each mother-infant pair. 

Recordings continued as long as the child was alert and active up to 45 minutes; recordings were 

stopped if the infant became distressed or attempted to climb out of the high chair. Recording 

times lasted between 30 minutes and one hour. 

Data Analysis 

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

both the rib cage and abdominal signals were analyzable. Both signals were calibrated, added 

together, and downsampled to 100 samples per second to create a signal represent the movement 

of the chest wall. This combined signal was used to measure the durations of the expiratory 

phases and single-syllable 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). The coders used the TF32 program to label 

expiratory phases and utterances. Figure 4 shows an example of a label file containing 

respiratory coding. 
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Figure 4. Example of a label file containing respiratory coding (first column: start times; second 
column: end times; third column: sequential respiratory phases [i = inspiration; e = expiration]). 

 

The label files were then used to calculate 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.  
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TABLE 1 
 

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

 

Infant Total vocalizations Number of expiratory phase and 
utterance signal pairs 

Younger group 
A (17 mos) 344 8 

A (18 mos) 252 10 
B (18 mos) 267 21 

B (19 mos) 268 8 
C (18 mos) 236 24 

Older group 
D (21 mos) 244 27 

E (24 mos) 241 30 
F (25 mos) 460 72 
 
 
As Table 1 shows, despite the large number of total utterances produced by the infants, 

the number of analyzable single-syllable utterances and their respective expiratory phase signals 

were small; however, this has been reported in the literature (Boliek et al., 1996, 1997; Parham et 

al., 2011). The number of analyzable pairs across infants showed variety, with older infants have 

more available data. 

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. Figure 5 shows an example of the variables that were measured using a typical 

signal pair. Both variables were measured in milliseconds. Figure 6 shows an example of a 

completed set of data ready for analysis. 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.  
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Figure 5. Example of single-syllable utterance signal (top half), expiratory phase signal (bottom 
half), and variables measured (black lines). 

 

 

Figure 6. Example of a data file containing coding (all durations are in milliseconds; first 
column: start times; second column: end times; third column: sequential respiratory phases [i = 

inspiration; e = expiration]). 
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Data Visualization and Comparisons 

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 (see Figure 1).  

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

infants during the second year of life?  

The data for the younger infants and the older infants, respectively, was combined into 

two scatterplots (to look for age group patterns), and separate scatterplots were created for each 

infant.  

(2) Are there individual patterns that emerge?  

Each infant’s scatterplot was analyzed for patterns (e.g., clustering or data density in one 

area of the scatterplot vs. data spread). Scatterplots were arranged together to determine if a 

specific infant’s data appeared differently from those of his or her age cohort. 
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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 (17 mos) 8 1250.0 253.3 1320 830 1600 

A (18 mos) 10 1202.0 238.0 1235 780 1490 
B (18 mos) 21 1313.3 488.6 1160 820 2340 

B (19 mos) 8 1017.5 414.6 865 620 1870 
C (18 mos) 24 1387.4 391.4 1329 668 2239 

Younger Group 71 1282.2 403.2 1250 620 2340 
D (21 mos) 27 1458.1 452.1 1470 660 2350 

E (24 mos) 30 1511.7 760.7 1270 390 3950 
F (25 mos) 72 1666.0 441.1 1570 990 3110 

Older Group 129 1586.6 537.5 1510 390 3950 
All Infants 200 1478.5 514.1 1415 390 3950 

Duration of single-syllable utterances (milliseconds) 
A (17 mos) 8 305.3 162.2 268.2 121.8 600.0 

A (18 mos) 10 473.1 205.4 455.9 141.8 846.5 
B (18 mos) 21 551.4 365.6 461.2 210.1 1543.3 

B (19 mos) 8 505.2 259.4 544.8 181.0 810.9 
C (18 mos) 24 603.4 251.4 551.2 235.9 1189.2 

Younger Group 71 525.0 286.4 461.7 121.8 1543.3 
(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 (21 mos) 27 674.3 211.8 659.5 238.8 1206.7 
E (24 mos) 30 618.9 659.7 341.3 153.0 2903.2 

F (25 mos) 72 575.9 343.8 503.6 174.8 1630.1 
Older Group 129 606.5 418.1 536.8 153.0 2903.2 

All Infants 200 577.6 377.9 509.4 121.8 2903.2 
 

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

infants, this variability is consistent with 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 (17 mos) 8 469.1 287.0 550.7 23.8 747.9 
A (18 mos) 10 158.2 158.7 101.7 64.7 595.9 

B (18 mos) 21 248.6 303.8 135.0 29.4 1275.6 
B (19 mos) 8 230.2 218.9 177.4 3.0 698.6 

C (18 mos) 24 267.2 140.1 222.0 62.0 553.0 
Younger Group 71 264.9 236.0 186.3 3.0 1275.6 

D (21 mos) 27 398.2 317.5 357.9 5.3 1258.6 
E (24 mos) 30 380.6 352.8 230.4 19.2 1562.7 

F (25 mos) 72 421.3 320.9 321.6 8.0 1471.4 
(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) 

Older Group 129 407.0 325.7 318.2 5.3 1562.7 
All Infants 200 356.6 304.1 243.6 3.0 1562.7 

Lag between end of utterance and end of expiration (milliseconds) 
A (17 mos) 8 475.6 216.6 439.8 230.4 968.2 

A (18 mos) 10 570.7 203.5 571.0 208.1 855.7 
B (18 mos) 21 558.1 250.5 578.7 116.5 1049.9 

B (19 mos) 8 312.5 250.0 343.8 10.7 591.2 
C (18 mos) 24 516.9 368.7 517.0 1.0 1382.0 

Younger Group 71 509.0 291.0 517.4 1.0 1382.0 
D (21 mos) 27 422.2 297.0 419.2 5.8 932.5 

E (24 mos) 30 413.1 496.3 214.3 1.4 1553.1 
F (25 mos) 72 652.3 297.1 663.2 115.8 1528.8 

Older Group 129 548.5 369.3 522.1 1.4 1553.1 
All Infants 200 534.5 343.3 519.8 1.0 1553.1 

 
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 of the infants is 

found in Figure 5 (younger infants) and Figure 6 (older infants). 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.  
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Figure 7. Lag scatterplots of the younger infants (17 to 19 months). 
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Figure 8. Lag scatterplots of the older infants (21 to 25 months). 
 

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.  
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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 17 and 25 months. 

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

infants during the second year of life?  

It was expected that patterns would emerge within the two age groups recruited for this 

study. This expectation was supported by the results of previous research (Brady, 2013). It is 

well established that children around the second year of life experience a language gain burst. 

They develop from having around five to ten words to fifty words, begin to put two or more 

words together, and communicate with intent and joint attention with their various 

communication partners.  

With such a rapid growth in language comes an expected change in the anatomical 

systems that support language. One is the respiratory system. Patterns within the older age group 

(21-25 month olds) could be accounted for by their increased control of their expiration for 

utterance production. As their neuromuscular system develops and becomes more advanced, 

infants are able to manipulate more easily the inspiration start and end and the expiration start 

and end for more mature vocal utterances. The lag time needed between the phases for vocal 

production becomes more varied. This prediction is also supported by other research that suggest 
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the development of the neuromuscular system assists in advance control of chest wall 

movements necessary for utterance production (Reilly et al., 2009). 

With increased control of the respiratory system comes increased variability in utterances 

and speech breathing patterns. Variability can be seen within the scatterplots of the two age 

groups. The older age group (21-25 month olds) was expected to have a larger spread of data 

across the plot, indicating a variety of time lags during expiration for speech production. The 

younger age group (17-19 month olds) was expected to have a smaller spread, with the plots 

showing data more condensed in the lower left area. This would represent a more uniform 

speech-breathing pattern that correlates to the infant’s lesser developed control of the chest wall. 

This is somewhat evident in Figure 7, particularly as relates to the median values (black 

diamonds) for both age groups.  

  

Figure 9. Combined lag scatterplots of infants in this study. 
 

With a less mature respiratory system, the younger group would be expected to have less 

variety in lag times than the older group, with more variety indicating more flexibility in breath 

support when the infant is producing an utterance. 
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(2) Are there individual patterns that emerge? 

There are always outliers in research. When analyzing possible speech patterns between 

the two infant groups, it was speculated that there might be an infant in the younger group who 

looked like an infant in the older group or vice versa. In other words, the infant might not fit into 

one specific mold. This is to be expected because development can occur at a different pace 

within a group of individuals. Some infants do not begin talking at the expected one year of age. 

Others do not begin walking until past their first birthday as well. Infant development follows a 

general order of events, but the processes in which the events are accomplished are unique to the 

individual.  

Individual patterns and variations could be accounted by many factors besides chest wall 

control and age. Not all recorded vocalizations could be used due to motion artifact or recording 

abnormalities; thus, leaving the amount of usable data at a much smaller number than the true 

number collected. Also, some infants might not have performed the same in the recording lab as 

they would in a familiar environment. An infant with few vocalizations during the study could 

look quite different in the home setting. Also, depending on the time of the recording, the infant 

could have been less alert or engaged with the parent and/or researcher. How the mother was 

communicating with the infant also could have been a factor in determining patterns. 

Related to speech breathing, if no patterns—individual or age-related—had emerged it 

would not necessarily mean that the data was inconclusive. One reason for the variability could 

be that the number of participants was not large enough to gather the appropriate number of 

speech breathing cycles with vocalizations to see patterns emerge. Because some infants might 

not produce enough analyzable data, the analyzable expiratory phrase and utterance pairs 

produced might be drastically less than needed.  
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Another conclusion that could be made is that as infants enter their second year of life, 

they begin to experiment with chest wall movement and vocalization control. There is no one 

specific pattern infants follow, but a variety of movements and expiratory phase lag times can be 

present as their respiratory systems become more mature. A longitudinal study could be done, 

following the infants through early childhood development, measuring chest wall movements 

and inspiration and expiration phrases during vocalization. Such a study could address the 

question of how the respiratory system changes and compensates for the continuing increase of 

speech demands, especially as speech and language become more adult-like.  

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 this age range. 

Conclusion 

Visualization of these infants’ data suggested some patterns in respiratory timing for 

single-syllable utterances. There was some individual variation among the infants, but in general 

the older infants demonstrated more flexibility in the timing of respiration to support speech 

production. More research is needed to help explain how typically developing infants learn to 
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produce speech, as well as identify possible physiological markers for increased language 

complexity in later infancy.  
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