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ABSTRACT

The purpose of the research was to assess the hypothesis that

subjects attending to their breathing would differ from subjects who

breathe spontaneously in terms of respiration rate, respiration depth,

breath pattern, alveolar minute volume, and state anxiety«

Twenty-eight student volunteers from The University of Arizona

served as subjectso There were seven Ss in each of four experimental

conditionso Condition 1 subjects were asked to attend to their breath-
'

ing and sub-vocally count each expirationo Condition 2 subjects were 

asked only to attend to their breathing* Condition 3 subjects sub^ 

vocally counted only, at a rate specified by the experimenter, and 

Condition 4 subjects were asked only to sit quietly awake while the 

measurements were taken*

Significant differences between treatment groups were found for 

inspiration percent and respiration rate variability only* Attention- 

to-breathing did not affect either the average quantity of air taken 

into the airways or state anxiety*



CHAPTER 1

. INTRODUCTION

The claim has been made by some psychotherapists who use tech-.

niques involving respiration that the act of concentrating on breathing

has therapeutic psychological and physiological results„ It has been

claimed to reduce state anxiety (Fisher 1973; Grim 1971) to correct

faulty breathing habits to un-block repressed emotions (Geba 1973) and

to deepen states of relaxation (Sherman and Plummer 1973)0 >

Wilhelm Reich thoroughly describes "the outward expression of

inner emotional states" (Reich 1972, p. 362) and, specifically, the

manner in which disabling emotional states are expressed and maintained

through respiratory abnormalities (Reich 1972)„ He goes on to describe

some therapeutic exercises, including some breathing exercises, which

serve to restore full and spontaneous respiration* Reich's exercises

do not include attention-to-breathing and certainly his methods include

a heavy element of suggestion* He is, however, a strong advocate of

breathing exercises as a means to improved psycho-social functioning

and cites a large number of clinical cases in support of that position*

Alexander Lowen (1958, 1975) is neo-Reichian in both theory and

therapy* He summarizes his theory briefly and well in Pleasure: a

Creative .Approach to Life:

* * * any real change in a person's thinking and therefore, in 
his behavior and feeling, is conditioned upon a change in the 
functioning of his body* The two functions that are most 
important in this regard are breathing and movement * Both of



these functions are disturbed in every person who has an emo
tional conflict by chronic muscular tensions that are the 
physical counterpart of psychological conflicts e Through 
these muscular tensions conflicts become structured in the 
body* When this happens, they cannot be resolved until the 
tensions are releasedo

Feeling is determined by breathing and movement (Lowen 
1975, p 0 36).

As with Reich, in Lowen!s therapy (which is called Bio-energetics) 

breathing exercises are only a part of the total program0 Lowen, how

ever, describes specifically the importance of "taking time to breath" 

(Lowen 1975, p.. 44) which involves focusing on the breathing process, 

becoming aware of one’s respiratory deficits and, as a result, breath

ing more deeply* Note that Lowen does not equate deep breathing with . 

increases in tidal volume but, rather, with decreases in respiration 

rate and increases in the amount of abdominal breathing* He sees 

slower, more predominately abdominal breathing as the natural result of 

deliberately focusing on the breathing process * He cites as examples 

of the benefits of the improved "deeper" breathing process, less fear, 

increased relaxation, better thought organization and increased sexual 

satisfaction (Lowen 1975)* As with Reich, Lowen1s theories and methods 

are supported by clinical examples*

Those who advocate the clinical use of conscious breathing lack 

any experimental evidence supporting their claims (but cite a plethora 

of supporting clinical examples) and confound attention-to-breathing 

with strong suggestions to the client about changes to be expected* 

Further, even if attention-to-breathing is reliably related to psycho

logical changes, the cause is still in question* The effect may be



brought about by actively performing or focusing on a rhythmic 

behavioro It may be due to a shift in attention away from changing 

environmental stimuli« If hypo- or hyper-ventilation accompanies 

attention-to-breathing, the psychological effect may be due to changes 

in blood gaso The point is, given the psychological effects claimed, 

the mechanism producing them does not necessarily involve the motoric 

or physiological respiratory process«

The current study was designed to explore the effect of 

attention-to-breathing on several physiological and psychological 

variables that might change behavior in the absence of any Suggestion 

of other benefits or experiences to be gained* It was hypothesized 

that subjects attending to their breathing would differ from subjects 

who breath spontaneously as indexed by respiration rate, respiration 

depth, breath pattern, alveolar minute volume and state anxiety as 

measured by the State-Trait Anxiety Inventory (STAl) developed by

Spielberger, Gorsuch and Lushene (1970)«
. / - -

A recurrent problem facing respiration physiologists is that if 

one considers spontaneous, "normal11 breathing to be automatic and 

unconscious then any apparatus which draws a subject1s attention to his
i

breathing might change it by inducing voluntary control, presumably 

acting in higher brain centers« Further, Gilbert et ale (1972) have 

shown that respiration rate, tidal volume and minute volume are all 

changed by the act of measurement with a respirometer that requires 

breathing through a mouthpiece« . The mouthpiece, in addition to drawing 

a subject1s attention to his breathing, also forces him to breathe only



through the mouth, which may not be his normal mode of breathingo In 

the current study this aspect of the measurement problem was handled by 

using an impedance pneumograph which involved neither a mouthpiece nor 

anything else obviously connected to respiration.

Since awareness or non-awareness of breathing is not available 

for direct observation, only indirect methods could be used to measure 

that condition. A number of factors may draw a subjectT s attention to 

his breathing: 1) the equipment may be obviously connected to respira

tion. 2) S may be familiar with the experimenter or the lab. 3) In a 

quiet room where most stimuli are removed for control purposes, the 

motion and sound of the respiratory process may become the dominant 

stimuli. 4) The experimental procedure or instructions may draw a 

subject's attention to his breathing.

Breathing awareness was facilitated by both removing distract

ing stimuli and by reminding the Ss of their task and by checking them 

on it. Spontaneous breathing was facilitated by a masking noise, a 

distraction task and the use of equipment with no apparent association 

with respiration.



CHAPTER 2

METHOD

Subjects

The subjects were twenty-eight student volunteers from intro

ductory psychology classes at The University of Arizonao There were 

seven Ss in each of four experimental conditionse In order to make the 

procedures as homogeneous as possible for each of the four conditions, 

it was decided to run the Ss in seven groups of four« Within each 

group, the subjects were randomly assigned to one of four attention 

conditionse

Procedure

The experimental session began with an explanation to each sub

ject that the general purpose of the research was to correlate selected 

physiological responses with his or her performance on some behavioral 

taskso Subjects were told that they could ask questions at any time 

during the experiment and that they were free to terminate at any 

pointo In addition, it was explained that every effort would be made 

to keep them as comfortable as possible, that a number of breaks would 

be taken during the procedure and that no painful stimuli of any sort 

would be administered* Finally, after each person signed a consent 

form, the electrodes were applied*

Next, each person was seated at a table and told that the first, 

task was to take the three short tests which would be related to the



physiological measures«, The State-Trait Anxiety Inventory was admin

istered first, since it was the only measure to be analyzede It was 

followed by a paper and pencil coding task and a brief test of short 

term memory«,

Each person was then asked to find a comfortable position with
\his or her arms resting on the table® The experimenter explained that 

the readings taken are often unreliable at the beginning of a session 

because of the newness of the experimental situation, and that the 

first phase of the study was a period of waiting for the readings to 

stabilize so that a baseline could be established® He also,explained 

that excessive movement could contaminate the results and requested S 

to find a comfortable position and remain that way with as little move

ment as possible, with eyes open and without talking or smoking® He 

added that there would be breaks in the recording procedure for S to 

adjust his posture and ask questions, etc® and that occasional scratch

ing, position shifts and movements of the hands and forearms are 

allowable but that constant shifting would invalidate this initial 

phase® The subjects were told that the time allotted to baseline 

measurement was twelve minutes and that during that time a tape would 

be played to help pass the time® A moderately boring commercial tape 

on abnormal psychology was selected for this purpose® During the 

debriefing interview, several subjects reported believing that the tape 

was the major independent variable® In fact, it was only intended to 

keep them awake»



After baseline measurement was complete, Ss were asked to 

retake the portion of the STAI that measures state anxiety*

Experimental Phase: Treatment 1— The
Attention-to-Breathing and Sub-vocal 
Counting Experimental Group

This group of Ss were asked to concentrate on their breathing—  

to breathe as normally as possible but to count sub-*vocally (i*e*, to 

themselves, without actually saying the numbers audibly) each expira

tion (e*g*, nCount once each time you breathe out--*in, out, fl ?; in, 

out, f 2 T and continue like that”)* The subjects were told that at a 

specified time the experimenter would say ”Stop!” over the intercom and 

he was to report the number of the exhalation that immediately preceded 

that (”When you hear me say 'Stop!' I'd like you to tell me the number 

that you had just counted”)*

It was decided to try to obtain three sets of fifty inhalation^ 

exhalation cycles that occurred while S was considered to have been 

attending to his breathing* S was considered to have been attending to 

his respiration if he could report a number that was within plus or 

minus five of the number recorded on the ink-writer record produced by 

the pneumograph* The experimenter manually counted the cycles on the 

ink-writer* In fact, no subject missed the actual number of breath 

cycles by more than three breaths *

The three runs were made with one to two minute breaks separat

ing them* The breaks were followed by one to. two minutes of quiet 

sitting just before the instructions to begin counting*



Experimental Phase: Treatment 2—
Attention-to^-Breathing Without 
Sub-vocal Counting

The procedure for this condition was essentially the same as 

the one for treatment 1 except that all references to sub-vocal count

ing were deleted*, Ss were asked only to sit silently, motionless, 

eyes open and to concentrate on their breathing* The duration of each . 

attention-to-^breathing period was determined by the yoIking procedure 

described above*

Experimental Phase: Treatment 3—
Sub-vocal Counting Only >

The purpose of this condition was to see if sub-vocal counting 

by itself produced a change in any of the dependent measures» Each 

subject was. asked to count at the sub-vocal counting rate reported by 

the previous group’s treatment 1 subject and was told that the counting 

would begin and end on the cues described above* Ss were asked to 

remove their watches and place them where they could not be seen* It 

was added that an exact estimate of the rate was not required and that 

the purpose of the procedure would be explained at the end of the 

experimental session*

Experimental Phase: Control Condition-^-
Neither Attention-to-Breathing nor Sub- 
vocal Counting

These Ss were asked only to sit silently motionless, eyes open 

for a series of data taking periods so that a stable indication of the 

physiological measures taken could be obtained* The duration of each



p e r i o d t h e  onset, offset and separation of the periods were the same 

as for the other conditions«

Post-Treatment State Anxiety Measurement

Immediately after the experimental phase of the procedure, Ss 

were asked to retake the portion of the STAI that measures state 

anxietyo

Apparatus

A Narco Bio-Systems impedance pneumograph, Type 322 was used 

for the respiration measureso This device was chosen because it uses 

transthoracic electrodes which neither interfere with the breathing 

process nor draw Ss attention to his breathing* Reports have shown it 

to closely approximate pneumotachograph values of respiration rate and 

tidal volume (McCally 1963; Geddes and Hoff 1964; Baker, Geddes, and 

Hoff 1965; Goldensohn and-Zablow 1959)* The analysis of calibration 

data gathered during the course of the present study resulted in 

Pearson-r correlations between impedance change and tidal volume (as 

indexed by the height of the pneumotachograph trace) of over 0*90 for 

18 of the 28 subjects * The range of the correlations was 0*773 to 

0*988; the 0*773 correlation was the only one below 0*80* Jet silver/ 

silver chloride, self-adhering surface electrodes were placed between 

the fifth and sixth rib interspace on the mid-axillary line and con^ 

neeted to the pneumograph with a Narco Bio-Systems AG-13 shielded 

cable* The output from the pneumograph was fed into a Grass Model 5 

low level DC amplifier/inkwriter system*



A Grass pneumotachograph in conjunction with a Grass pressure 

transducer and a Grass integrator/amplifier/inkwriter system was used 

to establish tidal volume correlates of impedance changes«

The Dependent Variables

Respiration rate (RR) is defined as the number of complete 

inspiration-expiration cycles per minute« The duration of each breath 

cycle (from the beginning of one inspiration to the beginning of the 

next inspiration) was determined and used to calculate RRo The 

standard deviation of the respiration rate was used as the measure of 

RR variabilityo

Tidal volume (Vt) is the volume of air in liters drawn into the 

pulmonary airways <> Tidal volume was measured as follows: 1) at the

beginning of each series of experimental sessions, a large calibrating 

syringe was used to push 1,000, 900, 800, 700, 600, and 500 ml0 of air 

through a Grass Pneumotachograph in sets of threeo This data indicated 

that the height of the integrated Pneumotachograph trace correlated 

with the calibration volumes at r = o99+ , and that a functional rela

tionship in the form of X = aY + b existed between the two*, 2) After 

the treatment phase of. the experiment, each S was asked to breathe 

through the Pneumotachograph while respiration was also being measured 

by a Narco Bio-Systems Impedance Pneumographo Volumes computed from 

the heights of the integrated traces of the Pneumotachograph were 

correlated with the heights of the impedance traces« The formula for 

the linear regression of volume on impedance.trace height was then 

computed and used to determine tidal volume in the conditions in which



11
the impedance pneumograph was the only measure of respirationo The sum 

of these volumes divided by the duration of the included breath cycles 

in minutes is the minute volume (Vm)« The standard deviation of the 

volumes of individual breaths was used as the measure of tidal volume 

variabilityo

Breath pattern refers to the time course of volume changes 

occurring over a single inspiration cycle0 For the purposes of this 

research, the breath cycle was divided into an inspiratory phase and an 

expiratory phaseo The inspiratory phase is the time from beginning to 

peak inspirationo The expiratory phase is the time from peak inspira

tion to the beginning of the next inspirationo The time-volume feature 

considered in this study was the percent of time spent in the inspira

tory phaseo

State anxiety is typified by consciously perceived feedings of 

apprehension and tension along with an increase in autonomic nervous 

system activity (Johnson and Spielberger 1968)« It was measured by the 

State-Trait Anxiety Inventory (Spielberger et alo 1970)*

The Control Variables

Reduction of artifacts in the breathing record posed the major 

control problemo While the equipment was being set up and tested, it 

was found that excessive arm movement, twitches or postural shifts 

could cause artifacts that rendered the ink-writer record difficult or 

impossible to analyze« Movement of the upper arm and shoulders was 

especially troublesome in this regardo In order to minimize this 

problem, subjects were seated in a padded armchair and asked to sit
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forward in the chair, to rest their forearms and elbows on a table and 

not to shift their elbows during the periods of recording« They were 

told that they could occasionally move their hands and forearms but 

asked to keep even that movement to a minimum®

Since many studies have associated changes in rate and depth of 

breathing with emotional states (Stevenson and Ripley 1952; Dudley 

1964; Faulkner 1941; Feleky 1916) some control of transient changes of 

emotion during the experimental trials was needed® Ss were given 20 to 

30 minutes to adjust to the experimental situation while the experi

menter explained the study, received consent, asked and answered 

questions and applied the electrodes® It was planned to excuse anyone 

who had a test, medical appointment or any other potentially stressful 

event immediately after the experimental session but it was unnecessary 

to actually do so®

Analysis of Data 

Data for the analysis o f .the hypotheses related to respiration 

rate, volume and pattern were taken from the last five minutes of the 

baseline measurement period and from the last five minutes of the 

experimental phase trials® The results of the measurements involving 

respiration rate, respiration volumes and inspiration percent were 

analyzed by separate SggCA^) analyses of covariance® Post hoc analyses 

were done on the adjusted means when significance at p <  ®05 was found® 

The covariance analysis was used to adjust for baseline differ

ences between subjects® According to the Law of Initial Values, change 

scores on some physiological measures tend to be negatively correlated
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with the level of the measure at baseline,, Between-subject differences 

are, therefore, a potential source of bias« . The covariance analysis 

adjusts for this bias statistically by inflating the mean square error 

in proportion to the extent of negative correlationo

Two separate ^gCA^) analyses of Covariance were run on the 

results of the measures of state anxiety0 The first used the results 

of the first administration of the STAI as the covariate and analyzed 

the results of the second administrationo The second used the results

of the second administration as the covariate and analyzed the results

of the third administer at ion® >

In addition to the analyses of covariance, ^gCA^) analyses of

variance were run on the baseline-treatment change scores for each of 

the measureso



CHAPTER 3

RESULTS

On only two of the dependent meas tires--inspiration percent and 

respiration rate variability--were significant differences found 

between the different treatment groups« Tables 1 through 7 present the 

means for each group at baseline and during the treatment phase on each 

of the dependent measures« Table 8 contains a summary of the analyses 

of covarianceo ,

None of the analyses of the state anxiety measure produced 

significant results« The statistical nonsignificance of the state 

anxiety indicates that if attention-to-breathing has a psychological 

effect, it is not tapped by or is too small to show up on the State- 

Trait Anxiety Inventory in tests of differences between group data* It 

is important to note that although the mean STAI scores for the groups 

are not significantly different, that does not mean that there are no 

individual differences in state anxiety* Certainly, individual changes 

did occur* Still, it is impossible from the results of this project to 

determine whether the changes were due to measurement error or to a 

subjects-by-treatments interactiono Nevertheless, all analyses run on 

the.STAI scores were consistent with the null hypothesis *

The analyses of the physiological measures indicate that 

attention-to-breathing did not affect the average quantity of air taken 

into the airways *

14
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Table 1, . Minute Volume Means

Group Baseline Condition Treatment Condition

. 1 5111.8 5383.2

2 3812.4 4016.5

3 5464.2 5041.9

4 4865.1 6156.3

Table 2. Tidal Volume Standard Deviation Means

Group Baseline Condition Treatment Condition

1 119.17 121.919

2 127.266 106.596

3 112.481 97.616

4 167.997 202.719
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Table 3» State Anxiety Score Means

Group Pre-baseline
Post-baseline/ 
Pre-treatment Post-treatment

1 29.0 28.3 27.0

2 32.6 34.0 32.3

3 35.1 33.1 35.4

4 32.4 32.1 30.6

Table 4. Tidal Volume Means

Group Baseline Condition Treatment Condition

1 273.6 373.8

2 233.4 320.2

3 337.9 285.1

4 302.7 418.2
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Table 5«, Respiration Rate Means

Group . Baseline Condition Treatment Condition

1 18.3 14.9

2 18.1 14.0

3 ' 16.1 17.2

4 15.9 15.1

Table 6. Inspiration Percent Means

Group Baseline Condition Treatment Condition

1 33.4 39.1

2 39.0 41.4

3 34.7 37.6

4 39.4 36.6
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Table 7„ Respiration Rate Standard Deviation Means

Group Baseline Condition Treatment Condition

1 4,86 3,70

2 5,81 2.41

3 4,47 2.69

4 3,79 5.00

Table 8. Summary Table of Analyses of Covariance

F- Level of
Dependent Measure Ratio Significance

Tidal Volume 2.41 N.S.

Respiration Rate 2.21 N.S.

Minute Volume 2.09 N.S.

Inspiration Percent 6.00 p <  .005

Baseline/Post-treatment State Anxiety .56 N.S.

Post-baseline/Post-Treatment State Anxiety 1.01 N.S.

Respiration Rate Variability 3.19 p <  .05

Tidal Volume Variability .77 N.S.
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inspiration Percent 

The treatment groups did differ significantly in terms of 

breath pattern as indexed by the percent of time spent in inspirationo 

Table 9 summarizes the analysis of covariance on inspiration percent*

A Newman-Keuls procedure was used to test for significant differences 

between the adjusted inspiration percent means* The only comparisons 

that proved significant were between the control group and each of the 

three experimental groups* A summary of the post-hoc analysis may be 

found in Table 10* A graph of the inspiration percent means (Fig* 1) 

shows' the nature of the differences between the groups most/clearly*

The subjects in the experimental groups increased the percentage of 

time spent in inspiration during that phase of the study in which the 

treatment conditions were applied* The subjects in the control groups 

decreased in the percentage of time spent in inspiration during the 

treatment phase*

Respiration Rate Variability 

The basic measure of respiration rate variability was the 

respiration rate standard deviation* The analyses of this measure 

indicate clearly that during baseline the treatment groups did not 

differ* Significant differences between groups did, however, show up 

during the treatment phase* A one-way analysis of variance on respira

tion rate standard deviations during baseline resulted in a mean square 

error five times as large as the between-groups mean square* Clearly, 

the groups were no different during baseline* The analysis of covari

ance of the treatment condition respiration rate standard deviations
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Table 9, Analysis of Covariance of Inspiration Percent

Source of 
Variance

Mean
Square df F-Ratio

Level of 
Significance

Treatment ■ 
Groups 57.55 3 6.00 p <  .005

Error 9.59 23

Table 10. Summary of Newman-Keuls Test of Adjusted Means of Inspira
tion Percent

Means
Compared Difference

Level of 
Significance

1 - 4 7.041 P < .01

2 - 4 5.043 p <  .05

3 - 4 4.492 p <  .05

All other comparisons NoS.
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Fig. 1. Mean Inspiration Percentages 
for Groups During Baseline and Treatment Phases



22
proved significant at p <  o05o A Newman-Keuls analysis of the adjusted 

means revealed significant differences between the control group and 

each of the.other groups® Table 11 contains a summary of the post-hoc 

analysis®

Because variances were computed in the process of figuring

standard deviations, a more direct test of differences in variability

was possible-.^the F-test® This type of analysis, summarized in Table 

12, resulted in significant (p <  ®005) baseline vs® treatment condition 

differences in KR variability for each group® Further, the experi

mental groups were significantly more variable at baseline than during 

the treatment phase while the converse was true for the control group® 

F-tests of between^group variability at baseline showed experimental 

groups one and three significantly more variable than the control 

group® During the treatment phase, however, the control became sig

nificantly more variable in breathing rate than any of the experimental

groups ® Table 13 contains a summary of this data®

Together, the breath pattern.and respiration rate variability 

data portray the subject who is focusing on his breathing as one who 

breathes at his usual rate and depth, but who is less variable than 

normal in breathing rate and who spends more time than is usual in the 

inspiratory phase of the breath cycle® Further, the breath pattern and 

respiration rate variability of subjects sub-vocally counting only is 

statistically no different from those attending-to-breathing® It is, 

however, significantly different from control subjects® During 

debriefing, only two of the subjects in this group reported attending
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Table llo Summary of Newman-Keu1s Test of Adjusted Means, of 
Respiration Rate Standard Deviations

Means
Compared Difference

Level of 
Significance

1 - 4 1.3278 p «=< . 05

iCM 2.585 p C  o01.

U) 1 4> 2.3299 p <  .01

All other comparisons N.So

Table 12. Respiration Rate Variance Means and Baseline-Treatment
Comparisons

Baseline Treatment F- Level of
Group Condition Condition df Ratio. Significance

1 31.61 15,93 73/129 1.98 p <  .005

2 19.16 6.43 73/134 2.96 p <  .005

3 42.22 7.57 52/152 5.58 . p <  .001

4 14.73 31.82 121/59 2.16 p < .005
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Table 13o Summary of Between-Group Respiration Rate Variability 

F Tests

Baseline Phase Treatment. Phase

Test F-Ratio <Level of 
Signif. Test F-Ratio df

Level of 
Signif.

3 - 4 2.87 52/59 p <  .01 4 - 3 4.2 121/152 p < .001

<fr1CM 1.30 73/59 N.S. 4 - 2 4.95 121/134 p <  .001

1- 4 2.15 52/59 1—1 ■  
oVA. 4 - 1 2.00 121/152 p <  -01

to their breathing more than "almost not at alio" It is unlikely, 

therefore, that their similarity stems from focusing on respirationo



CHAPTER 4

. DISCUSSION

Generally, the results of this research support the null 

hypotheses: focusing on the breathing process resulted in no changes

in state anxietyo Further, attention^to-breathing did not affect the 

primary function of respiration--the delivery of air to the pulmonary 

airwayse It is extremely unlikely, therefore, that even if attention- 

to-breathing has some undetected psychological relaxation effect, that 

this is brought about by an alteration in blood gas due to hyper- or 

hypo-ventilationo

The changes that did occur in breath pattern and respiration 

rate variability indicate that changes in the pattern and extent of 

respiration related muscle contractions do occur when one attends to 

the breathing processe It is possible that these changes are brought 

about by increasing non-metabolie control over respiration when one 

focuses on it0 If one assumes that attention-to-breathing brings 

respiration under increasingly conscious (and possibly cortical) con

trol, then the results of this study suggest that there is little dif

ference between conscious and automatic respiration* It should be 

noted that the similarity may be due simply to an inherent limitation 

in the extent to which automatic breathing can be consciously over

ridden * It is not possible from these results to determine whether the 

changes observed represent a shift from automatic respiration regulated

25
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by intrinsic brain-stem mechanisms to breathing controlled by forebrain 

structures, perhaps the cortex* These types of hypotheses need to be 

explored in research with a more purely physiological focus *

The similarity between the sub-vocal counting condition and the 

attention-to-breathing conditions is puzzling and the data provide no 

definite solutions„ The two conditions may be similar in turning the 

subjects' attention away from environmental stimuli or in requiring 

them to actively produce a rhythmic response* Certainly there must be 

many other possibilities untested by and beyond the scope of this 

research project* >

There are many methodological problems in the use of the 

impedance pneumograph to estimate tidal volume* Since the impedance 

pneumograph uses impedance to estimate lung volume, it is possible that 

whether the subject inhales by contracting the diaphram or by expanding 

the rib cage affects the measurement * Although changes in the pattern 

of contraction of the respiratory muscles may change trans-thoracic 

impedance, this is not necessarily accompanied by changes in respira

tion rate, tidal volume or inspiration percent* The fact that the 

impedance pneumograph is calibrated with a pneumotachograph only adds 

to the confusion* Although the pneumotachograph provides an extremely 

accurate measure of air volume, it requires the subject to breathe 

through his mouth* If oral breathing affects trans-thoracic impedance 

differently than does nasal breathing, then the high correlations 

between impedance changes and pneumotachograph-measured air volume 

changes may not apply to quiet, nasal breathing* A systematic
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investigation of these questions was beyond the scope of the current 

research and need to be researched by a laboratory equipped for more 

extensive research in respiration physiologyo

Finally, with respect to the question of a potential relation

ship between attention-to-breathing and psychological relaxation, the 

research procedure eliminated more than just the element of suggestion 

from the set of stimuli normally associated with the clinical situa

tion* For instance, Fisher (1973) and Sherman and Plummer (1973) use 

attention-to-breathing as part of an extensive relaxation training 

procedure* In that context, attention-to-breathing may have a differ

ent effect than it did in the laboratory* As before, that possibility 

needs to be investigated by a separate project* In terms of the

'results of the current research, it means that in clinical settings an
).

'— uninvestigated variable may interact with attention-to-^breathing to 

cause important changes that are psychological or physiological or 

both*
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