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ABSTRACT 

This research project utilized single-subject 

methodology to compare four treatment modalities against 

each other and a control group (N=5) in the control of mild 

essential hypertension. The treatment modalities were 

non-specific, modified autogenic relaxation, diastolic 

blood pressure feedback, and a combination of the latter 

two therapies. Only persons who received the modified 

autogenic relaxation therapy as a separate treatment were 

able to decrease their observed mean median diastolic 

blood pressure by an amount that would be consistently 

evaluated by physicians as clinically significant. A 

secondary finding was that, in the case of multiple treatments 

a sequence of distinct biofeedback followed by distinct 

relaxation would be preferred over other possible combina

tions of the therapies investigated. Suggestions as to 

further research in the realms of direct, systematic, 

and clinical N=1 replications as well as group comparison 

procedures were offered. 

viii 



CHAPTER 1 

INTRODUCTION 

High blood pressure (HBP), of a chronic nature, 

is a major health problem in the United States (Weiss, 

1977). Estimates of the number of persons in the United 

States afflicated with hypertension (HT), chronic HBP, 

range from 23 million to 60 million, depending on the 

criteria used to define HT (The Public and High Blood 

Pressure, 1973; National Hypertension Task Force, Vol. 1, 

1979s Wilber and Barrow, 1972). The harmful effects of 

HT are masked by the asymptomatic nature of the disorder 

and its complicating effects on vital organs and systems, 

e.g., the brain (Bertilson, Bartz and Zimmerman, 1979). 

The pervasive yet elusive nature of HBP is such 

that HBP is likely to be listed as the cause of death in 

but one instance while it is calculated to be a major 

contributing but unnamed factor in an additional ten in

stances (National Hypertension Task Force, 1979; U.S. Bureau 

of the Census, 1980). The direct relationship between HBP 

and disability is not known although the effects of HT are 

manifested in myocardial infarctions, strokes, renal failure 

and other disorders. The adverse consequences of HT have 
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previously been estimated to have cost $25 billion (Report 

of the Inter-Society Commission for Heart Disease Resources, 

1972). There are no clear measures of the total social 

loss e.g., decreased productivity, family and individual 

functioning, although there are indications the magnitude 

is great (National Hypertension Task Force, Vol. 1, 1979)• 

Despite the means for detection and treatment of HT, 

research has found that only 29$ of those persons identified 

as having chronic HBP have been detected and effectively 

treated (National High Blood Pressure Education Program, 

1977; Wilber, Millward, Baldwin, Capron, Silverman, James, 

Wolbert and McCombs, 1972; Wilber and Barrow, 1972). These 

data imply that the remaining 71% of the persons, identified 

as being hypertensive, received either treatment that 

failed to bring their blood pressure (BP) within the normal 

range or no treatment. The same research suggested that 

as much as 29% of those persons with HT have not been 

identified. Hence, of the estimated HT population, 19% have 

been identified but inadequately treated; 23% have been 

identified but received no treatment and 29% have neither 

been identified nor treated. 

Although HBP is a medically recognized disorder of 

the regulatory processes, a specific etiology is identified 

in only 10$ of the diagnosed cases (Pelletier, 1977). High 

blood pressure with a specific identified etiology is termed 

secondary hypertension and is treated (where possible) by 
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correcting the diseased and/or disordered structure, e.g., 

renal artery stenosis might be surgically corrected (National 

Hypertension Task Force, Vol. 3» 1979). The remaining 90$ 

of those persons with HBP are classified as having essential 

hypertension (EHT) (McMahon, 1978). This study was limited 

to those persons with EHT. 

The etiology of EHT is by no means resolved and it 

appears to be multi-factored, involving genetic and environ

mental components, e.g., socio-economic status (Murphy, 1973; 

Stamler, Stamler, Reidlinger, Algera and Roberts, 1976). 

Additionally, the factors responsible for initiating HBP are 

not necessarily thfe factors responsible for maintaining 

EHT (National Hypertension Task Force, Vol. 2, 1979; Weiner, 

1979). 

Similarly, no single treatment modality has been 

found which generated the same therapeutic response across 

or within all persons afflicated with EHT (McMahon, 1978; 

National Hypertension Task Force, Vol. 1, 1979; Weiner, 1979). 

The medical treatment of EHT has been primarily 

pharmacologically oriented. Pharmacological treatment of 

EHT focuses on mild tranquilizers, diuretics, sympathetic 

nervous system blocking agents, peripheral vasodilators 

and/or potent antihypertensive agents operating through 

multiple mechanisms, such as guanethidine (Diagnosis and 

Management of Hpertension, 1979; McMahon, 1979; Smith, 1977). 

The possible side effects of pharmacological, or drug, 
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treatment include mild euphoria, depression, headaches, 

impotence, breast cancer, hypokalemia, hepatoxicity and 

orthostatic hypotension, as well as numerous other psychologi

cally and/or physically noxious events (McMahon, 1979. 

Perry, 1977; Weiss, 1977)• Thus, the asymptomatic EHT 

patient may receive a treatment that produces undesirable 

consequences, e.g., impotence (Galton, 1973). Although 

pharmacologic treatment has been shown to be consistently 

effective in reducing blood pressure, patient treatment 

compliance has been estimated to be less than 29% (National 

Hypertension Task Force, 1979; Weiss, 1980). 

Pharmacologic therapy for EHT may be augmented or 

replaced by alternative therapies. The most commonly used 

adjunctive or alternative therpaies are wight reduction, 

sodium restriction (which might be viewed as a drug therapy), 

relaxation training and biofeedback training (Diagnosis and 

Management of Hypertension, 1979). These alternative 

therapies take on special importance for the patient with 

mild EHT (diastolic BP (DBP) greater than 90 mm. Hg. but 

less than 105 mm. Hg.) as the efficacy of drug therapy in 

this sub-population has yet to be demonstrated (Weiss, 1977; 

Perry, 1977). The present study focused on the alternative 

therapies of relaxation training, DBP feedback training and 

the effects of their combination in the control of mild 

EHT. 
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Problem Statement 

The consequences of failing to control even mild 

chronic BP elevations are increased morbidity and mortality 

within the HT population (Hypertension Detection and Follow-up 

Program Cooperative Group, 1979). The control of EHT has 

been achieved through multi-faceted therapies which, by 

accident or design, alleviated the precipitating and/or 

maintaining conditions of HBP (Weiner, 1979). Pharmacologic 

therapy has been frequently used by the medical community 

while previously described alternative therapies have re

ceived less frequent usage as adjunct or replacement treatment 

for EHT (Diagnosis and Management of Hypertension, 1979; 

Linn, 1977). 

The limited utilization and acceptance by the medical 

community of behavioral treatment programs for the control 

of EHT may be secondary to the equivocal results presented 

in the literature (Blanchard and Young, 1975; Jacob, Kramer 

and Agras, 1977; Reeves and Shapiro, 1980; Seer, 1979). 

Persons with EHT, exposed to behavioral treatments for 

their HBP have had quite varied responses across and within 

treatment groups. Some paradoxical responses to the behavioral 

treatment of patients with EHT have been reported (Gifford-

Jones, 1981). 

The deleterious effects of even mild EHT are such 

that any treatment modality which can be established as 

clinically effective, in decreasing BP in patients having 
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EHT, would be of significant value (Davidson and Krippner, 

1971). Possible advantages of a behavioral treatment for 

EHT would include decreased patient expenditures for anti

hypertensive drugs; an increase in specificity of treatment 

effects over the systemic effects of anti-hypertensive drugs, 

and an elimination or diminuition of the negative side 

effects of drug therapy for EHT (Deeds, Bernheimer, McCombs, 

McKenney, Richardson and Find, 1979,* Shapiro, Tursky and 

Schwartz, 1970). However, the basic problem in the develop

ment of a behavioral treatment for mild EHT is that the 

effective component, relaxation or biofeedback, has not been 

isolated. 

Research Questions 

There is sufficient scientific evidence to establish 

that humans can gain volitional control of various biologi

cal response mechanisms (DiCara, Barber, Kamiya, Miller, 

Shapiro and Stoyva, 1975)* The learned volitional control 

of BP has been demonstrated through relaxation and biofeed

back techniques (Bauer, 1979; Benson, Rosner, Marzetta and 

Klemchuk, 197^, Miller, DiCara, Solomon, Weiss, Dworkin, 

1970; Shapiro, Tursky and Schwartz, 1970; Shoemaker and 

Tasto, 1975)• Whether external BP biofeedback mechanisms 

are required for the EHT patient to gain and maintain voli

tional BP control has not been established (Blanchard and 

Young, 197^; Reeves and Shapiro, 1980). The previously 

existing research consistently confounds the effects of 
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relaxation and biofeedback in such a fashion as to make it 

impossible to discern the relative contribution of relaxation 

and/or biofeedback in the decreasing of the EHT patient's BP. 

The present study was designed to investigate and 

resolve the following questions: 

(1) could patients with DBPs between 90 and 

105 mm. Hg. learn, through the experimental 

relaxation procedures, to decrease their 

DBP by an amount that would be evaluated by 

physicians as clinically significant? 

(2) could patients with DBPs between 90 and 

105 mm. Hg. learn, through the experimental 

BP feedback procedures, to decrease their 

DBP by an amount that would be evaluated by 

physicians as clinically significant? 

(3) could patients with DBPs between 90 and 

105 mm. Hg. learn, through a combination 

of the experimental relaxation and BP 

feedback procedures, to decrease their DBP 

by an amount that would be evaluated by 

physicians as clinically significant? 

(a) if so, was this decrease in DBP clinically 

different in magnitude from the decrease 

in DBP demonstrated by the patients who 

received only the experimental relaxation? 

(b) if so, was this decrease in DBP clinically 
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different in magnitude from the decrease 

in DBP demonstrated by the patients 

who received only the experimental 

BP feedback? 

(4) did the administration sequence of the 

experimental relaxation or BP feedback 

procedures appear to increase or decrease 

the observed effects of the procedures on 

DBP in a clinically significant magnitude? 

Justification of the Experiment 

The therapeutic armamentarium to control EHT may 

be conceptualized as encompassing two broad classes—chemical 

and behavioral treatments. Chemical, drug, therapy is the 

most frequently used and may be considered the primary 

treatment method in the control of EHT. Behavioral approaches 

are less frequently used and are considered as alternative 

and/or adjunct therapies in the control of EHT. 

Drug therapy in the treatment of mild EHT has been 

found to be inconsistently effective and produce decreases 

in DBP that have also been produced by purely behavioral 

treatments (Patel and North, 1975; Weiss, 1977). Drug therapy 

in the control of mild EHT exposes the patient to possible 

negative side effects in both the short and long term. In 

fact, the long-term (30 or more years) effects of anti-hyper

tensive medications have not been evaluated (McMahon, 1979). 

An additional, and in some cases significant, limiting 



9 

condition imposed on some patients by drug therapy for mild 

EHT is that of the consistent economic burden (Deeds, et 

al, 1979). 

Biofeedback training, as an alternative to drug 

therapy, in the control of mild EHT exposes the patient to 

some increased risk and cost. First, although usually harm

less, biofeedback equipment typically uses electricity and 

equipment failures have resulted in patients receiving an 

unexpected 'treatment' (Gaarder and Montgomery, 1979). 

Secondly, biofeedback equipment costs money to purchase, 

maintain and learn to operate. This is especially true for 

BP biofeedback equipment (Shapiro, Greenstadt, Lane and 

Rubenstein, 1981). The patient ultimately pays for these 

costs. An additional factor relative to biofeedback training 

as a tool to manage mild EHT is that biofeedback training is 

the least used, by the medical community, of the behavioral 

therapies (Diagnosis and Management of Hypertension, 1979). 

Relaxation training, as a treatment method for mild 

EHT, does not require the patient or therapist to purchase 

or use equipment or medications. Utilization of autogenic 

relaxation training as an alternative EHT therapy has been 

advocated by Luthe and Blumberger (1977). 

The effectiveness of the alternative experimental 

therapies, relaxation and DBP feedback training, for mild 

EHT required demonstration in order tos 

(1) determine which, or if, experimental 



procedures, DBP feedback or modified auto

genic training, resulted in clinically 

significant decreases in DBP; 

(2) provide additional evidence with which the 

medical community could evaluate "behavioral 

treatments of mild EHT patients; 

(3) provide alternative treatment strategies 

for mild EHT patients without the possible 

negative side effects of chemical therapy; 

(4) provide an example of applied clinical 

research in a clinical setting. 

Experimental Parameters 

This study is confined to assessing and comparing 

the effects of relaxation and DBP feedback training on the 

ability of persons having mild EHT to learn downward DBP 

control. The basic requirements were that the participants 

be: 

(1) found to have DBPs greater than 90 mm. Hg. 

and less than 105 mm. Hg. during the base

line period with no diagnosed etiology; 

(2) receiving no other current treatment for 

BP control, e. g . ,  no medications or dietary 

limits; 

(3) able to attend 90% of the baseline, treat

ment, no-treatment and probe sessions, as 

outlined in the methodology chapter; 
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(4) between the ages of 20 and 50 years; 

(5) able to give informed consent and sign 

the release of liability statement; 

(6) free of possible complicating diseases 

and/or disorders that would distort BP 

measures, e.g., not having diabetes 

mellitus, cardiovascular abnormalities, 

etc. 

No effort was made to control for race, sex, socio

economic status, weight or other characteristics as the 

author desired to maintain conditions which would result in 

the greatest degree of generalization and would resemble 

private practice conditions. However, generalizations to 

other individuals or groups having mild EHT should be made 

with caution. Additionally, the limitations, e.g., limited 

generalizability, of single subject research are applicable 

to any inferences and/or statements made with respect to 

the results of this experiment. 

Within this experiment, the experimenter supplied 

DBP feedback was designated as biofeedback. The biofeedback 

was supplied whenever the participant was successful in 

decreasing the session baseline or trial-to-trial DBP. 

Summary 

This chapter has provided an overview of the magni

tude, significance and possible treatments of persons 



afflicted with EHT. The problems associated with the 

utilization of alternative therapies for EHT, and espe

cially mild EHT, and comparison with the primary treatment 

for EHT were reviewed. The questions to be investigated 

were presented and justified with respect to their thera

peutic and scientific value. Limitation as to possible 

generalizations to be made from the results of the experi

ment were also stated. 



CHAPTER 2 

LITERATURE REVIEW 

Although early research had demonstrated that bio

logical response systems could be mediated through behavioral 

techniques, the acceptance and use of behavioral treatments 

for physiologic disorders, such as HT, by therapists and 

experimenters developed gradually. The gradual acceptance 

and utilization of behavioral treatments was comparatively 

slower than that of physiologic treatments (Dunbar, 195^» 

Gutman and Benson, 1971; Smith, 1939). The delay in the 

acceptance and utilization of behavioral treatments may be 

partially attributed to knowledge limitations regarding 

how disordered biological response systems could be modified 

through behavioral techniques to function within normal 

limits. 

The pioneering work of Pavlov (1906) had demonstrated 

that classical conditioning techniques could be used to mediate 

autonomic nervous system (ANS) response mechanisms. Subse

quent research suggested operant conditioning techniques 

were unsuccessful in the modification of ANS response systems 

(Miller and Konorski, 1928). As late as 1961 statements 

that the evidence against the operant conditioning of ANS 

12 
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response systems was unequivocal were made (Kimble, 1961). 

The position that only classical conditioning tech

niques were effective in ANS response system mediation was 

well-entrenched until the late 1950s and early 1060s (Kimmel, 

197*0. Over-whelming evidence that the operant conditioning 

of ANS responds systems was possible was presented by Kimmel 

(1967). Since then similar evidence has continued to accumu

late which establishes the efficacy of operant conditioning 

techniques in the modification of ANS response systems 

(DiCara, et al, 1975). 

The behavioral interventions most often applied to 

BP control in humans are relaxation and biofeedback training 

(Benson and Greenwood, 1975). This chapter presents a 

selected review of the behavioral treatments for EHT 

through these modalities and their combination. The review 

is divided into four sections: relaxation, biofeedback, 

relaxation and biofeedback and implications from the 

literature. 

Procedural similarities and physiological outcome 

measures suggest progressive relaxation, autogenic relaxation, 

various forms of meditation, and hypnosis are closely related 

(Benson, 1975s Brimble, 197**; Carruthers, 1979; Hager and 

Surwit, 1977; Kroger and Felzer, 1976; Rubottom, 1973; Wickra-

masekera, 1976). Hence, these and similar procedures were 

considered under the rubric of relaxation. 
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Relaxation 

Efforts to develop behavioral treatments that would 

result in hypertensive patients learning to control their 

BP "began as early as 1939 (Jacobson, 1939)* Over an 18 

year period he observed that BP was elevated in patients 

exhibiting skeletal muscle hypertonia. Jaconson inferred 

that if BP increased as skeletal muscle contraction increased 

then the opposite, i.e., as skeletal muscle contraction de

creased BP would decrease, was also true (Smith, 1939)- This 

inference lead Jacobson (1939) "to a formal experiment. To 

determine the relationship of variations in BP and skeletal 

muscle activity, Jacobson selected 50 patients of which only 

12 were diagnosed as hypertensive. Patients were divided in

to three groups. One group of normotensive patients received 

no progressive relaxation (PR) training while another normo-

tensive group was trained in PR. A third patient group, 

diagnosed as hypertensive, received partial PR training. 

The hypertensive partially PR trained group demonstrated an 

average BP decrease of -17.3/-9-3 mm. Hg. while the normoten

sive PR trained group showed an everage BP decrease of -9*3/ 

-8.8 mm. Hg. The normotensive non-PR trained group was found 

to have an average BP decrease of -5^6/-7.2 mm. Hg. during 

the experimental period (Jacobson, 1939). 

Although a germinal study, Jacobson's (1939) work con

tains certain methodological deficiencies which impair the 

credibility and generalizability of his findings. Subject 
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selection and assignment to treatment conditions were not 

random. Baseline BP readings were not made in a consistent 

fashion over a sustained time period. The study design pro

vided for no control group and since the condition of having 

to sit or lie in an electrically grounded box might have 

"been viewed as a treatment, by some patients in the non-PR 

trained group, the effects on BP of PR training may have 

been confounded with other variables. Nevertheless, the 

results were interpreted as indicating the hypertensive 

patient could learn some degree of BP control through relaxa

tion of the skeletal muscles. (Note that at this point 

(1939) in the development of behavioral treatment modalities 

researchers and therapists generally held that voluntary 

control of central nervous system (CNS) response systems was 

possible but not of ANS response systems. Thus, the generali

zation of relaxation effects from CNS controlled skeletal 

muscles to ANS controlled non-striated muscles was not con

sidered as a possible explanation for the observed decreases 

in BP (Dunbar, 1976; Kimble, 1961; Stoyva, 1979; Watson, 

1 9 2 8 ) . )  

General muscle relaxation procedures were augmented 

with a mechanical device in a more recent study. In an 

attempt to use patients as their own controls, Brady, Luborsky 

and Kron (197*0 used a reversal (A-B-A-B) design to demon

strate the effectiveness of metronome conditioned relaxation 

(MCR) in decreasing DBP (Brady, et al, 197*0. All subjects 



received MCR therapy. Their findings in this study demon

strated variability in BP changes in the downward direction 

from baseline levels for all patients during the treatment 

phase. When treatment conditions were terminated, all 

patients showed a subsequent return of DBP toward baseline 

levels. 

Baseline DBP readings were taken five days per week 

over a two to four week period for each person in the Brady 

study (Brady, et al, 197^). This procedure represents a 

significant improvement in the procedures used to collect 

baseline data over earlier studies. This procedure allows 

the patient to adapt to BP measurement conditions. Compli

cations in the experiment, e.g., one subject was simul

taneously taking anti-hypertensive medicines, only two 

patients completed the second treatment phase, tend to de

limit the inferences to be made from this data. However, the 

decrease from baseline DBP was statistically significant 

for two of the patients not taking anti-hypertensive medi

cines (p .05). During no-treatment conditions all patients 

demonstrated an increase in DBP. This study suggests three 

considerations for future designs: there may be some adap

tion that occurs during BP measurement, this adapted BP 

measure should be used as a baseline BP, and this relaxation 

method may influence DBP in a downward direction. 

The observed similarity between relaxation and medi

tation practices, i.e., muscle relaxation, mental focusing, 



passivity of attitude and regular practice suggests that the 

physiological consequences of relaxation and meditation as 

treatment modalities for HT might be similar (Benson, 1975. 

1977; Patel, 1975; Pelletier, 1977). This observation was 

preceded by the development of research projects which used 

meditative practices as the treatment condition employed 

to effect a downward change in BP (Benson, Rosner, Marzetta 

and Klemchuck, 1974)• The patients in Benson et al's (1974) 

research were all volunteers from a meditation class and 

had been medically diagnosed as EHT. In return for free 

meditation training, ordinarily a $75 fee was charged, the 

patients postponed training for six weeks while baseline 

BP measures were taken. The patients were then trained in 

meditation techniques over a two week period. After 3° days 

of regular meditation practice the group average BP had 

declined from 147/95 mm. Hg. to 140/91 mm. Hg. Follow-up 

of the patients six months after the post-treatment BP 

measures were collected showed no additional changes in BP. 

The magnitude of declinations in BP found in this 

study were statistically significant (p .05). However, this 

finding cannot be attributed to meditation practice as the 

sample represents self-selected paid volunteers, the baseline, 

despite sufficient time to develop a meaningful baseline, con

sists of only six pre-treatment measures, and there were no 

control groups. However, the study does suggest that medita

tive practices may have some effect on BP (Benson, et al, 1974). 
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Meditation techniques were used to train 14 subjects 

in the relaxation response (RR) in an attempt to determine 

if the physiological indices of the RR (e.g., decreased oxygen 

utilization) would be observed (Stone and DeLeo, 1976). 

The training consisted of five 20 minute sessions spread 

over a six month period. During this six month period, a 

six person control group was also monitored for the same 

physiological changes. The researchers found that the trained 

group exhibited a 15 mm. Hg. decrease from baseline in SBP 

and a 10 mm. Hg. decrease from baseline in DBP when measured 

in the upright position. A similar, though smaller decrease 

from baseline of 9 mm. Hg. SBP and 8 mm. Hg. DBP was observed 

in the supine position. These reductions were determined to 

be statistically significant (p-'.O5) and appear to be clini

cally significant as well. 

The baseline for the Stone and DeLeo (1976) study 

represented a significant achievement in that 14 measures 

were taken over a period of six months instead of the typi

cal one or two pre-treatment measures. This provided a 

continuity of BP measures for comparison with the post-treat-

ment measures. Had the subjects been either randomly selected 

or assigned to either treatment or control conditions, the 

utility of this study in making generalizations would have 

been enhanced. As the experimenters monitored a number of 

physiological indices, in addition to BP, there may have 

been some confounding effects. Another problem is that the 
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treatment group was almost three times as large as the con

trol group (n=l4 vs. n=5) and this may have distorted 

the statistical significance of the findings (Jacob, 

Kraemer and Agras, 1977; Weinshilbaum, 1976). 

A study in which relaxation developed as an inci

dental treatment was completed "by Tentoni in 1978. Reason

ing that the physiological correlates of stress could "be 

reduced through exposing patients to pink noise, in a counter 

balanced A-B-A experimental paradigm, Tentoni monitored 

HR, muscle tension and SBP. He found that all measured 

variables tended to decrease when the patient was exposed to 

pink noise. Unfortunately, the lack of a stable baseline 

and the confounding of treatments, pink noise plus relaxation, 

preclude meaningful attribution of the observed decreases 

in SBP (Tentoni, 1978). 

In a study designed to compare the effects of PR 

augmented with hypnosis (PR + H), and PR + H plus antihyper

tensive medications (PR + H + M) with a no treatment control 

group, Deabler, Fidel, Dillenkoffer, and Elder (1973) found 

that BP reductions of 17$ of baseline SBP and 19$ of base

line DBP were achieved by patients in the PR + H group. 

The PR + H + M group was found to have a similar decrease 

from baseline readings of 16% SBP and DBP. The authors 

reported no changes in the no treatment control group. 

The utility of the Deabler, et al (1973) study in 

determining the effects of PR + H versus PR + H + M is 
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difficult to discern. There was neither random selection 

nor assignment of hypertensive patients to the control or 

treatment groups. Baseline data was collected only at one 

pre-treatment session and there was no continuity of data. 

The no treatment control group reported for BP measurement 

only, i.e., they received a shorter time exposure to the 

clinic conditions and less staff attention than did the 

PR + H and PR + H + M groups. This difference in exposure 

to the clinic conditions may have had an effect on the 

patients. The reported decreases in BP represent the de

crease within the last treatment session and, although 

statistically significant (p<.05), provides no information 

as to BP changes between groups or across sessions. 

The combined effect of meditation and medication on 

decreasing BP was investigated by Blackwell, Bloomfield, 

Gartside, Robinson, Hanenson, Magenheim, Sanford and 

Zigler (1976) to determine the degree of additional decrease 

in BP supplied by meditation training in hypertensive patients 

concurrently being treated pharmacologically. Seven patient 

volunteers were recruited through advertisements in the 

campus newsletter. Blood pressure measurements were taken 

over a 10 week period prior to commencing four days of 

meditation training. Training consisted of at least two 

hours per day for a total of six sessions. Home blood 

pressure measures were taken by the patient and supplemented 

with BP measures taken by one of the researchers at the 



21 

clinic. The investigators found declines in BP from base

line BP of 7.5 mm. Hg. SBP and 6.0 mm. Hg. DBP in BP 

readings taken at home and 4 mm. Hg. SBP and 15 mm. Hg. 

DBP in BP readings taken at the clinic. The authors con

cluded that these decreases in BP were the most that could be 

expected from this form of meditation/relaxation training. 

The methodological problems associated with the 

Blackwell, et cl (1976) study focus on the method of 

patient recruitment, the lack of any control group, patient 

self-monitoring and reporting of BP measures, and the con

dition of all patients receiving anti-hypertensive medica

tion. Patients recruited from an advertisement are con

sidered as self-selected. Since the study is a single group 

study, there are no measures with which to compare the data 

from the treatment condition. By requiring the patients 

to measure and report their own BP, an element of external 

biofeedback treatment was introduced. Finally, the fact 

that all patients in this study were receiving concurrent 

pharmacologic therapy makes it impossible to make differen

tial attribution between relaxation and medication effects 

for the observed BP decreases. 

The relatively long baseline, 10 sessions over 10 

weeks, is a redeeming feature of the study (Blackwell et 

al, 1976). This period apparently allowed participants 

to adapt to the environmental stressors of the BP measure

ment situation (Gutman and Benson, 1971). 
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In an attempt to determine the relative contribution 

of relaxation training to the control of BP in patients "being 

treated with anti-hypertensive medications Taylor, Farquhar, 

Nelson and Agras (1977) used 31 patients in three groups. 

One group (n=10) received non-specific therapy (NST). A 

second group (n=10) received relaxation training and continued 

medications. A control group (n=ll) receiving only medica

tions was monitored for decreases in their BP. All medication 

programs followed an experimental algorithm to decrease the 

patient's BP. Patients were distributed between two clinics 

and treatment personnel were kept ignorant of patient BP 

changes. BP measures were taken by independent observers 

that were ignorant of which treatment or control group the 

patient was a member. Treatment in the NST and relaxation 

condition consisted of five 30 minute sessions. The medication 

only group was required to spend a similar time at the clinic 

before BP measures were taken. Thus, all patients received 

essentially the same degree of experimental staff time. The 

experimenters found initial decreases of 2.8/1„8 mm. Hg. for 

the NST group, 13.6/4.9 mm. Hg. for the relaxation group and 

1.1/0.3 mm. Hg. for the medication only group. Follow-up 

after six months revealed decreases of 4.0/3-5 mm. Hg., 12.0/6.2 

mm. Hg. and 6.8/1.5 mm. Hg., respectively for the same groups. 

The authors concluded that relaxation training potentiated 

pharmacologic treatment of HT and that relaxation augmented 

drug treatment reduces BP faster than drug treatment alone. 
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Despite extensive efforts to provide experimental 

controls, i.e., random assignment, 'blind' therapists and 

observers, and a six-month follow-up period the level of 

inference to other situations and groups is hampered and 

the credibility of the findings is clouded. The baseline 

period consists of only two sessions over a two month period 

and is insufficient to establish data continuity. Medication 

changes were made during the relaxation treatment phase which 

confounds the observed BP changes. Finally, there was no 

control group, i.e., all patients received some form of 

treatment and it is, therefore, impossible to determine if ex

ternal variables might have accounted for the observed changes. 

Biofeedback 

Various feedback techniques have been employed in 

an attempt to teach hypertensive patients to control their 

BP. Basic investigations have stablished that electroen-

cephalographic (EEG), electromyographic (MG), electrodermo-

graphic (EDG), pulse wave velocity (PWV), and BP biofeedback 

systems were not equally productive in allowing patients to 

learn BP control (Blanchard, 1975: Blanchard and Young, 1973. 

197**; Blanchard, Young and Haynes, 1975. Elder, 1973; Kimmel, 

1967» Martin, 1978). Providing the patient with accurate and 

direct feedback of changes in the operant behavior of interest 

in terms of magnitude and direction, appears to be the most 

productive, as compared to inaccurate (random) and indirect 

measures biofeedback measures (Birmbauer and Kimmel, 1979; 
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Blanchard and Young, 197^; Connor, 197^; Elder, Longacre, 

Welsh and McAfee, 1977; Frumkin, Nathan, Prout and Cohen, 1978; 

Luborsky, Brady, McClintock, Kron, Bortwichak and Levitz, 

2976; Sander, 1977; Shannon Goldman and Lee, 1978). Thus 

if the patient is to learn BP control, the patient should be 

supplied with accurate and relevant information regarding BP 

changes. Feedback to the patient of other physiological 

variable is, at best, supplemental and is likely to interfere 

with the patient's attention and understanding of the relevant 

biofeedback (Olton and Noonberg, 1980). 

A problem in comparing biofeedback studies is that 

different feedback modalities require different equipment, 

techniques and procedures of the therapist and patient. No 

standardization between experimental or clinical laboratories 

exists. There is inconsistency within laboratories and clinics 

as equipment and procedural technologies advance. (Davidson 

and Krippner, 1971; Elder and Eustis, 1975; Elder et al, 1977; 

Shapiro, 1977; Shapiro, et cl, 1970, 1972). Thus, in each bio

feedback experiment ther is some unique equipment, technique or 

procedure that may have had some effect on outcome measures. 

To find studies confined to pure biofeedback approaches is 

particularly difficult. Often an inadvertent contamination 

of treatments exists in studies which purport to be pure 

biofeedback studies. 

By using a combination of audio and visual biofeed

back for decreases in BP Goldman, Kleinman, Snow, Bidus and 
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Koral (1975) produced within and across session BP decreases. 

A treatment group of seven hypertensive patients was provided 

with auditory and visual feedback for nine two-hour sessions 

over a nine week period. Additionally, these patients were 

asked to practice at home, the same procedure in which they 

participated in the clinic to decrease their BP. The average 

decrease in BP from session one to session nine was 8/15 

mm. Hg. (167/109 to 159/9^ mm. Hg.). The control group 

(n=4) received no feedback with respect to BP but were told 

to relax as best as possible. The control group showed only 

a 4/4 mm. Hg. decrease in BP from the pre-trial baseline 

and only a 1 mm. Hg. change within sessions. 

Patients in the above experiment were not randomly 

assigned. This procedure may have been a contributing 

factor in the finding that the treatment and control groups 

were different on their pre-trial BP measures. This in

creases the difficulty of determining if a true difference 

in the post-treatment measures, in fact, exist. The control 

group differed in size (n=4 vs. n=7) and also received a 

different number of sessions over a shorter time period 

than did the treatment group. These methodological de

ficiencies further impair the credibility and generalizability 

of the experiment. 

To compare the effects of instructions alone and 

instructions plus biofeedback, Steptoe (1976) used pulse 

wave velocity (PWV) as an indirect BP measure. Forty 
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normotensive paid subjects were divided into four groups. 

Group 1 (n=10) was given no instructions as to how to accom

plish the goal of increasing PWV. Group 2 (n=10) received 

no instructions but did receive partial biofeedback for the 

same goal. Groups 3 and 4 (n=10; n=10) were treated similarly 

with the goal of decreasing PWV. The results of this experi

ment suggested that instruction to increase or decrease PWV 

was sufficient and that the biofeedback was not a statisti

cally significant factor. However, of note is the fact 

that the group receiving biofeedback for decreasing their 

PWV (and, therefore, their BP) did show a larger decrease 

in PWV. 

Since Steptoe (1976) used normotensive subjects 

exclusively inferences as to the possible utility of instruc

tions or biofeedback with respect to hypertensive patients 

are not possible. 

The mechanisms of stimulus discrimination, acqui

sition and retention of BP control processes in normoten

sive student volunteers were investigated by Elder and his 

colleagues (Elder, Welsh, Longacre and McAfee, 1977)• The 

24 participants were randomly and equally assigned to one of 

six groups. The three experimental conditions consisted of: 

instructions to change BP plus proportional auditory feed

back as to the direction of BP change and social reinforce

ment; instructions to change BP with no biofeedback or 

sosial reinforcement; and a control group which received 
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no instructions, biofeedback or social reinforcement. The 

dependent variable, BP was measured under free operant and 

discrete trials conditions. The treatments were continued 

until the person was able to effect a change in BP of 

at least 10% of the baseline BP for at least two sessions. 

The researchers concluded that when BP is treated as a free 

operant normotensive volunteers were better able to discri

minate and gain control of relevant BP stimuli than when 

only discrete trial conditions were possible. 

This reader of the above research found it diffi

cult to reach any conclusions. First, the sample was a 

group of normotensive volunteers and provides little informa

tion generalizable to EHT patients. Secondly, baseline BP 

measures consisted of one session in which 20 BP measures 

were taken. This is a questionable practice as the variable 

nature of BP within sessions has been shown in the past. 

Thirdly, the experimenters varied room lighting conditions 

as the discriminative stimulus plus provided an auditory 

biofeedback signal. The confounding of potential discrimina

tive stimuli left this reader and, perhaps, the participants 

unsure as to which stimulus should have been discriminated. 

Finally, the researchers provided instructions as to which 

direction the participants should change their BP and then 

provided biofeedback. Since previous research has suggested 

that instructions alone are sufficient to bring about 

participant BP control in the desired direction, the procedure 

is questionable (Steptoe, 1976). This study is notable in 



that the researchers reaffirmed the susceptibility of the 

ANS to the laws of operant conditioning and used a non-

laboratory setting. Unfortunately, methodological flaws 

impair generalization to the EKT population. 

Expansion of the biofeedback methods to PB control 

in the EHT population was made by Hunter (1978). Making 

use of an A-B-A-B design paradigm Hunter (1978) studied 

variations in HR, skin temperature and EMG activity in rela

tion to DBP feedback among EHT patients. Each baseline or 

treatment phase continued over a three day period. The 

DBP feedback was accomplished by having the patient watch a 

TV screen on which his DBP was displayed. Although each 

physiological measure was found to vary in the anticipated 

direction, the changes were not significant on a statistical 

or clinical basis. Hunter (1978) concluded that the changes 

in physiological measures could not be attributed to the 

effects of this form of biofeedback. 

Given the lack of a control group and/or the ability 

to randomize treatment modalities Hunter's (1978) finding is 

not surprising. The patients were allowed to relax in addi

tion to receiving biofeedback. This would tend to impair 

attribution as to the causal results obtained through visual 

biofeedback. The conclusion reached by Hunter is probably 

the safest to have reached when one considers the above 

methodological flaws. 

In a reasearch attempt to overcome some of the 
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methodological problems associated with biofeedback re

search with the EHT population, Blanchard and his colleagues 

used BP and EMG feedback (Blanchard, Miller, Abel, Haynes and 

Wicker, 1979)- The researchers began the experiment with 33 

paid volunteers although only 28 completed the research pro

gram. The participants were matched for SBP across three 

groups. The groups consisted of one that received visual bio

feedback representing BP, one that received auditory biofeed

back of muscular activity through an EMG device and one con

trol group that relaxed and received no feedback. Baseline 

BP levels were determined during four 40 minute sessions. 

Treatment measures were taken following twelve 40 minute ses

sions and in a follow-up session four months after completion 

of the treatment. The group receiving EMG biofeedback showed 

a decrease in muscle activity but exhibited no BP control 

either at the end of treatment or at follow-up. The group 

which received BP biofeedback was found to have only a slight 

and not statistically significant decrease in BP which re

mained at follow-up. The control group showed a decrease in 

BP similar to that of the BP biofeedback group, at the end 

of treatment. The decrease was absent at follow-up. The re

searchers concluded that the BP decreases resulting from this 

study would result in decreased morbidity and mortality among 

the EHT population. 

The baseline measurement process in the Blanchard 

et al (1979) study allows for some participant adaption and 
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is superior to studies where baseline measures were only-

made at one pre-treatment session. Unfortunately, the "base

line and treatment conditions were not similar. Having 

one's BP measured sitting in a room is, presumably, differ

ent than having one's BP measured while connected to an 

EMG device. There is no intrinsic prohibition to prevent 

researchers from using a relaxation only group as a control 

group. However, if that is the case, it is essential that 

no experimental group be told to relax. The procedural 

flaw of telling the group which received EMG biofeedback 

to relax significantly impairs the internal validity of 

the data. Finally, no clear rationale was presented to 

justify the researcher's decision to match groups on SBP. 

Randomization procedures would have been a more appropriate 

method of determining group compsition. As the etiology 

of EHT is not specified, which variable are important for 

use in matched group designs are not known (Kerlinger, 

1973; Siegel, 1956). 

A behavioral approach was attempted on a single 

subject by Miller (1972) that resulted in the patient 

being able to discontinue pharmacologic treatment. The 

patient was exposed to auditory feedback over eighty-four 

45 minute sessions and was able to increase or decrease 

his BP by at least 10 mm. Hg. By the end of the biofeed

back training period, the patient was able to decrease his 
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DBP from 97 to 76 mm. Hg. and maintain the lower level. 

The patient was able to discontinue anti-hypertensive 

medicines. 

This N=1 report can be conceptualized as an A-B 

design which does not permit major inferences with res

pect to the control attained through biofeedback training. 

Further, the decrease in DBP could have been the result 

of a biofeedback-medication interaction or simply the 
J 

delayed effects of the medication. Unfortunately» no 

follow-up data was provided. 

In a series of N=1 studies by Benson, Shapiro, 

Tursky and Schwarts (1971). the same A-B design was repli

cated six times. The seven patients were seen serially 

for an average of 11 sessions over a two week period. Six 

patients were taking hypotensive medications which were 

not changed during the experiment. All patients were 

provided with auditory and visual biofeedback of their 

BP changes as well as visual and monetary contingent 

reinforcement. Baseline measures varied from five to 

sixteen sessions. Treatment sessions varied from eight 

to thirty-four administrations and continued until the 

patients were no longer able to further lower their SBP 

over a five session period. The findings were that reduc

tions in SBP of 16.5 mm. Hg. were possible in six of the 

seven cases. (The one patient not able to effect a decrease 
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in SBP was later found to have secondary HT rather than 

EHT. ) 

The A-B design of Benson et al's (1971) research 

does not demonstrate "biofeedback and reinforcement allowed 

the patient to gain SBP control as all patients were 

receiving hypotensive medication. The possible inferences 

were enhanced by lengthy and stabilized baseline BP measures 

and the stability of BP measures during the last five 

treatment sessions. The clinically impressive BP decreases 

are, unfortunately, confounded between and among the 

medical and behavioral treatments. Further, no follow-up 

efforts to assess continued BP decreases in three patients 

discontinued from pharmacologic treatment were made. 

Since the hypotensive effects of medication tend to be 

maintained for some time after they are discontinued, 

follow-up measures would have made it possible to determine 

the contribution of the behavioral treatment to the BP 

decreases (Onesti, Fernandes and Moyer, 1975)* The diffi

culty of instructing the patient to relax was previously 

discussed. This technique was employed in the Benson, 

et al (1971) study and may have constituted another con

founding factor. 

When a patient is provided with BP measuring equip

ment and asked to monitor BP change and report to the 

clinic, this procedure prepresents a form of biofeedback. 

Obviously, the patient will be aware of BP changes. 
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Self-monitoring and reporting of BP was used by Carnahan 

(1973) to assess the possible effects on BP and patient 

treatment compliance. The experimental group was provided 

with syphygmomanometers and trained in their use. A 

control group received no equipment or training. Over a 

90-day period the experimntal group demonstrated a BP 

change from 153/l°2 mm. Hg. to 138/93 mm. Hg. The control 

group, over the same period, showed a change in BP from 

157/104 mm. Hg. to 148/97 mm. Hg. Although the data is 

not statistically significant, within or "between groups, 

the researcher concluded that patient self-monitoring 

of BP resulted in increased patient compliance with the 

anti-hypertension treatment program and clinically relevant 

decreases in BP. 

The sample in Carnahan's (1973) research was 

drawn from a Veteran's Administration hypertension treat

ment program. Treatment was provided at no cost and all 

patients were being simultaneously treated with anti-

hypertension medications. Thus, the results may not be 

applicable to other or dissimilar groups. Comparability 

of this research with other biofeedback paradigms is pro

bably best made with caution as there was no evidence pre

sented as to patient reliability in measuring BP. 

In 1975. two researchers decided to investigate the 

possible differences in effects on BP between massed 

and distributed DBP biofeedback on the ability of patients 



to decrease their DBP (Elder and Eustis, 1975)• Twenty-

three volunteers with EHT received visual DBP biofeedback 

and verbal reinforcement for decreasing their DBP. Patients 

saw a green light if DBP decreased below baseline level or 

a red light if DBP increased above or remained at base

line levels. The patients were divided into two unequal 

groups. The massed DBP biofeedback practice group (n=4) met 

for 10 sessions over a 12 day period. Patients in the 

distributed DBP biofeedback practice group (n=19) met for 

nine sessions over a nine week period. The researchers 

reported that massed DBP biofeedback plus verbal reinforce

ment was more effective than distributed DBP biofeedback 

plus verbal reinforcement. The former group demonstrated 

an average DBP decrease of 7 mm. Hg. from initial base

line figures. Further, all patients in the massed DBP bio

feedback practice group showed decreases in DBP while not 

all patients in the distributed DBP biofeedback demon

strated reductions in DBP. 

The Elder and Eustis (1975) data suggests massed 

DBP biofeedback might be more useful than distributed 

DBP biofeedback. However, there are a number of limita

tions which must be considered in evaluating the results 

of the study. Patients were volunteers and accepted into 

the research program as the patients volunteered. It 

is possible that some factor may have been in operation 

on certain days that would have caused patients to be 
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physician might have been on duty at the clinic and might 

have stressed the importance of BP control to only selected 

patients. A related factor is that there was no random 

assignment of the volunteers to their respective practice 

groups. This may have somehow biased the group distribution 

of persons able to gain DBP control through behavioral 

interventions. In interpreting the results of Elder and 

Eustis' (1975) work it is also necessary to consider the 

rather large difference of group sizes (4 versus 19). This 

is particularly relevant as 20 of the patients were con

currently receiving medications to aid them in BP control. 

Although the level of medication was reportedly held con

stant during this research, it is known that some patients 

received psychotropic medication while others received 

specific anti-hypertensive agents. Since no information 

was given as to which medications were used in which experi

mental treatment group, the reader is required to assume 

the drug and experimental treatments are confounded. This, 

then, precludes meaningful interpretation of the data. 

Baseline DBP data was collected only during the first 

experimental practice session. The implication from this 

procedure is that there was insufficient time for the 

patient to adapt to the experimental conditions. Thus, 

DBP measures suggesting a decrease in DBP resulting from 
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a final point, the absence of any control group masks 

the clinical significance of changes in the"dependent variab 

variable and, hence, prohibits generalization to other per

sons or situations. 

Early research in BP biofeedback training was hamper

ed by difficulties associated with the continuous measure

ment and monitoring of BP. Shapiro and his colleagues 

developed and reported the constant cuff (CC) method of BP 

measurement in a research project that used biofeedback 

and contingent reinforcement for SBP changes, up or down, 

in the desired direction (Shapiro, Tursky, Gershon and 

Stern, 1969). The CC procedures were then applied in a 

research program using 20 normotensive male paid volunteers 

(Shapiro, Schwartz and Trusky, 1972). Participants were 

divided into two equal groups. One group was instructed 

to increase their DBP. The other was instructed to de

crease their DBP. Both groups were provided with DBP 

feedback. If a participant was successful in following the 

instructions he was reinforced by presentation of a tone, 

a nude female (photographic slide) and, following 20 slide 

presentations, a sum of money. The researchers reported 

that in the single 35 minute training period participants 

were able to bring about a 2-10 mm. Hg. change in DBP, 

either up or down. An incidental finding was that under 

these conditions HR covaried with DBP. 
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Although this study demonstrated the utility of 

the CC method in providing BP biofeedback, methodological 

barriers seriously impair the attribution of causal effects. 

There was no control group and it is only possible to 

describe BP changes within the experimental program. Since 

baseline BP was determined at the start of the single 

session, there is no continuity of BP measures that would 

allow the reader to infer that the biofeedback or reinforce

ments were responsible for the observed changes in DBP. 

This is especially true in light of a post-treatment ses

sion in which no biofeedback was provided but a 14 mm. 

Hg. change in DBP was noted for one patient. 

A similar research program wherein participants 

were provided with DBP biofeedback and DBP biofeedback 

plus contingent verbal reinforcement was undertaken by 

Elder, Ruiz, Deabler and Dillenkoffer (1973)* This research 

program included a control group in which DBP was monitored 

while the participants received no biofeedback or rein

forcement. Eighteen patients diagnosed as having EHT 

were randomly assigned to one of the treatment groups or the 

control group. All groups were equal in size. All groups 

met for one baseline and seven treatment or control 

sessions of 40 minutes per session. The patients in the 

group receiving DBP biofeedback showed a 7% decrease in 

DBP. The control group showed no statistically or clinically 

significant changes in DBP. 



38 

Despite the random assignment to treatment or con

trol conditions, it is not possible to extend Elder and his 

co-workers' (1973) findings beyond this experiment 

except in the most general and cautious fashion. The 

baseline period was quite short (one session) and may not 

accurately reflect the patient's DBP after adaption to 

the experimental conditions. Perhaps the most unfortunate 

aspect of this research program is that both the control 

and the DBP biofeedback and verbal reinforcement groups 

were also instructed to relax. This effectively confounds 

the treatments by adding relaxation. Thus, although sug

gestive, this research cannot be regarded as definitive. 

Systolic blood pressure was shown to vary with 

visual biofeedback plus verbal information as to the 

participants' performance by Fey and Lindholm (1975)• 

This research is probably best considered as biofeedback 

plus verbal (social) reinforcement. Participants were 

20 normotensive paid volunteers. The participants were 

randomly assigned to one of four equal size groups. One 

group was provided with biofeedback, instructed to increase 

their SBP, and told how they were doing. A similar group 

received only instructions to lower their SBP. A third 

group received biofeedback but no instructions or rein

forcement. The fourth received no biofeedback, instructions 

or verbal reinforcement. The experimenters reported that 



only those participants in the group receiving biofeedback, 

instructions to decrease their SBP, and verbal reinforce

ment were able to effect a significant change in SBP. The 

average change was a decrease of 9.5 mm. Hg. The other 

three groups showed only trivial changes. 

The significance of the results in the above experi

ment in the development of a behavioral treatment for EHT 

are difficult to interpret for a number of reasons. 

Normotensive paid student volunteers are likely to be 

somehow different from EHT patients. Baseline SBP measures 

consisted of a single pre-trial measure and the reported 

change in SBP is certainly within the limits of BP vari

ability. The treatment conditions are not clear in that 

SBP biofeedback appears to be contaminated with verbal re

inforcement. Since the research was conducted in three 

1-hour sessions over three consecutive days, and there 

was no follow-up data provided, the stability of the 

reported change cannot be assessed. 

Relaxation and Biofeedback 

The variable results in obtaining and maintaining 

BP control with either relaxation or biofeedback training 

programs has failed to establish the clear superiority 

of either approach. Hence, it is not surprising that 

research experiments to compare these two approaches were 

developed, by intent or accident. Other investigators 
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have focused their effort on determining the effectiveness 

of combined relaxation and biofeedback training programs. 

Comparative research. One of the most common 

relaxation training programs is simple skeletal muscle 

relaxation training. This approach was compared against 

BP biofeedback training while the effectiveness of both 

training programs were compared against a control group 

(Shoemaker and Tatso, 1975)* These researchers randomly-

assigned 15 EHT patients to a relaxation only, biofeedback 

only or control group. Group sizes were equal. Baseline 

data was collected over six days during three sessions 

and the mean of the lowest five BP measures was arbi

trarily designated as the baseline. Both experimental 

groups were trained in either relaxation techniques or 

provided with BP biofeedback for six 80 minute sessions 

during a two week period. The control group patients 

came to the clinic for six BP measures over the same 

time period. The group receiving relaxation training 

was found to have an average decrease from baseline BP 

values of 7/8 mm. Hg. The researchers determined this 

decrease from baseline BP values was statistically signi

ficant (p«s. 05) within and across sessions. The changes 

from baseline BP values in the biofeedback and control 

groups were neither statistically or clinically signifi

cant. 
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The baseline BP determination in the Shoemaker and 

Tatso (1975) research program, although rather temporally-

inadequate, deserves special mention. By using the mean 

of the five lowest BP measures collected during the base

line period the researchers had made an attempt to discount 

some situational variables, e.g., anxiety with respect 

to the clinic setting, which might have caused temporary 

BP elevations. Thus, although short in time span, this 

method of establishing baseline BP levels might be pre-

ferrable to procedures which cover longer time periods 

but which include all BP measures taken. The control 

group in this experiment was required to come in only for 

a quick BP measure. Thus, the control group patients were 

not exposed to the clinical setting for the same time period 

as the persons in the experimental groups. An additional 

limiting feature in making conclusions regarding which of 

these treatments is most effective in decreasing BP is 

the lack of any follow-up data. However, the magnitude 

of BP changes in the relaxation only group is suggestive 

of an effective treatment when compared with the limited 

changes in the biofeedback only or control groups. 

The possible differential effects of relaxation 

training were compared with relaxation training, white 

noise and SBP decreases contingent biofeedback by Fey 

in 1975- A control group listened to white noise. Thirty 
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normotensive student volunteers were randomly assigned to 

one of the experimental or control groups. Fey reported 

that the experimental groups were both able to decrease 

their SBP although not at statistically significant 

levels between treatments. The group provided with relaxa

tion training only showed a greater decrease in SBP than 

did the group receiving relaxation training, white noise 

and contingent biofeedback. Fey concluded that relaxation 

training augmented biofeedback training but that biofeed

back was not essential to lowering SBP. 

Had hypertensive patients been used in the above 

study and statistically or clinically relevant differences 

in SBP decreases been observed, the Fey (1975) study would 

possibly have suggested relaxation training might be use

ful in decreasing SBP. However, methodological barriers, 

e.g., essentially no baseline data, a possible confounding 

of treatment procedures, and only limited follow-up data 

would have argued against such an inference. 

Six training sessions in either biofeedback, relaxa

tion or control conditions were used by Fidel (1975) in 

his attempt to compare the effects of biofeedback and 

relaxation training in the control of BP. Eighteen 

patients diagnosed as having EHT were randomly assigned to 

the control or experimental groups so that group sizes 

were equal. Baseline data was collected at one session 



and followed by the experimental training sessions. Those 

patients who received biofeedback training were able to 

decrease their DBP by as much as lk%. This was determined 

to be statistically and clinically significant. Patients 

in the relaxation group showed a statistically signifi

cant change in their SBP. Patients in the control group 

were reported as experiencing no change in BP during the 

experimental period. 

The inadequacy of procedures to establish a base

line BP level in the Fidel (1975) study is obvious. One 

session is simply too short a time period for accurate 

and stable BP baseline data to be collected. A compound

ing problem impairing inferences from this experiment is 

that the biofeedback condition appears to have included 

a rather large relaxation component as well. Further, 

within treatments there were wide variations in BP changes, 

as well as some paradoxical effects, which casts some doubt 

on the stability of the observed changes. 

Relaxation training alone and in combination with 

EMG or EDG biofeedback were used to attempt the determina

tion of differences in effect on an EHT population by 

Payson (1977)- Payson used three randomly assigned groups 

(n=4) of EHT patients. Group 1 received autogenic relaxa

tion training. Group 2 received autogenic relaxation 

training plus EMG biofeedback. Group 3 received autogenic 

relaxation plus EDG biofeedback. Each group received 11 
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training sessions lasting 40 minutes, at the rate of two 

per week. The first session was counted as the baseline. 

Blood pressures were recorded at the start and end of 

each session. The researcher reported no statistical, 

clinical or consistent reductions in BP in any group. 

The Payson (1975) study has several methodological 

and/or procedural errors that may have accounted for the 

reported lack of change in BP. First, the baseline data 

is entirely inadequate. Second, there was no control 

group. Third, EMG and EDG biofeedback are only indirectly 

related to BP and, therefore, would not aid the person 

in gaining rapid BP control. Finally, since all groups 

were trained in relaxation techniques some within and 

between group commonality of BP changes would be expected. 

Statistically significant (p<.05) but not clinically 

relevant DBP decreases were found when Friedman and Taub 

(1977) compared hypnosis, biofeedback, a combination of 

hypnosis and biofeedback with each other and a no-treat

ment control group. The researchers used a modified 

random assignment procedure to assign 47 EHT patients to 

one of four groups. The modification consisted of only 

patients determine to have an increased susceptibility 

to hypnosis were included in the hypnosis groups. At 

the one month post-treatment follow-up, the hypnosis only 

group showed an average change in DBP from a pre-treatment 

level of 93mm. Hg. to 86.1 mm. Hg. The group which 



received DBP "biofeedback only showed an average decrease 

in DBP from 95.6 mm. Hg. to 93-5 mm. Hg. The group treated 

by hypnosis and provided with DBP biofeedback showed an 

average decrease in DBP from 91*8 mm. Hg. to 86.0 mm. Hg. 

The no treatment control group showed an average decrease 

in DBP from 95-1 mm. Hg. to 93-2 mm. Hg. The researchers 

concluded that hypnosis alone was the most effective treat

ment in this experiment. Only the hypnosis group was 

statistically different from any other group and the change 

was in the desired direction. 

The modified sample assignment procedures used by 

Friedman and Taub (1977) may have resulted in some bias 

being present in the hypnosis only group. Hence, even the 

small, but statistically significant, findings cannot be 

used to generalize beyond the experiment. A reported but 

not discussed finding of this study was that only the com

bined treatment group (hypnosis and biofeedback) showed a 

consistent DBP decrease from baseline through treatment to 

the follow-up post-treatment measure. All other groups 

showed an increase in DBP toward baseline. This increase 

was larger than the treatment DBP variations. This ob

served variability is hypothesized to represent a delayed 

interaction effect when hypnosis and biofeedback are con

currently used in the treatment of EHT. 

The recently developed and non-invasive BP measure, 

pulse wave velocity, provided biofeedback and was compared 



with relaxation training in a group of 40 patients "being 

treated with antihypertensive medication (Walsh, Dale and 

Anderson, 1977)• Patients were randomly assigned to the 

biofeedback group (n=24) or relaxation group (n=l6). The 

biofeedback group received auditory and visual PWV bio

feedback once a week for seven weeks. Relaxation group 

patients were trained in PR for the same period and practiced 

one time per day in addition to the experimental training. 

The results were equivocal in that BP decreases were 

variable and not significant. 

This study, Walsh et al (1977). was hampered by a 

one session baseline, the lack of a control group, patient 

attrition and all patients being concurrently treated with 

drugs. The lack of specific results consistent with earlier 

research suggests some internal or external methodological 

or procedural deficiencies. 

Using SBP as the dependent variable in an experiment 

to compare cardiovascular and neuromuscular biofeedback 

against meditation training, the researchers found no 

major (statistically or clinically significant) changes with

in or between experimental groups (Surwit, Shapiro and Good, 

1978). This finding was consistent from the baseline period, 

through the treatment period and at six-week and one year 

post-treatment follow-up points. The researchers inter

preted these findings as being secondary to environmental 

factors which act to increase or maintain BP elevations. 
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In addition to the shortened, two session, baseline 

in the above Surwit et al (1978) study, other methodologi

cal deficiencies may account for the findings. For example, 

approximately one-half of the EHT patients were being 

treated with medication throughout the study and the pre-

treatment SBP values were rather low (142-138 mm. Hg.) Thus, 

the range of possible decreases in SBP was limited. Finally, 

despite careful pre-treatment matching an SBP, the researchers 

failed to create and utilize a control group for comparative 

purposes. 

Combined Research. One of the earliest studies to 

investigate the effects of biofeedback on SBP inadvertently 

investigated the effects of biofeedback and relaxation 

(Shapiro, 1969). During the five baseline SBP measurement 

periods, seven patients were instructed to relax and think 

positive thoughts. During the subsequent fifteen treatment 

sessions, each patient was provided with proportional visual 

biofeedback as to SBP decreases. The researcher reported 

no general decrease in SBP but that decreases of as much 

as 5 mm* Hg. were found. 

Unfortunately, the contamination of the baseline 

SBP data collection period with relaxation instructions 

probably confounded the different effects of relaxation and 

biofeedback training. The lack of any control group or a 

return to baseline conditions significantly hampers inferences 

as to the effects, if any, of the experimental treatment 
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and generalization to other groups or situations. 

Two procedurally different combinations of auto

genic relaxation plus biofeedback training were compared 

with a no-treatment control group to aid EHT patients in the 

control of their BP (Orlando, 1975)- Both experimental groups 

received autogenic relaxation training and were instructed 

to follow identical home practice regimes. One experimental 

group received BP biofeedback four times per week. The 

other experimental group received BP biofeedback one time 

per week. Orlando (1975) reported the group receiving 

biofeedback four times per week showed a DBP decrease of 

1.5 mm. Hg. (pc. 05) while the other experimental group 

showed a DBP decrease of 9.5 mm. Hg. (p«£.05). There were 

no changes in DBP reported for the control group. 

The interpretability of Orlando's (1975) study would 

have been enhanced by an accurate description of the pro

cedures used to collect baseline DBP measures and the time 

length under which they were collected. The inferences and 

generalizations to be made with respect to other EHT patients 

could have been significantly strengthened by providing 

the experimental treatment causing the clinically significant 

decrease in DBP to the control group. This cross-over 

feature would have provided additional information as to 

the effects of the treatment without significantly increasing 

the experiment's length. Nevertheless, this research experiment 
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suggests that BP biofeedback may not be an essential factor 

in the EHT patient learning BP control. 

A single subject research program showing the 

effects of PR training and BP biofeedback was reported by 

Graham, Beiman and Ciminero (1977)• The researchers collected 

baseline BP measures over a two month period. As the patient 

was informed of his BP plus performed 18 self measures BP 

biofeedback conditions existed. The patient was then in

structed in basic PRT procedures for seven 90 minute sessions 

and was instructed to practice PRT at least twice per day. 

The researchers reported changes in BP from 155/95 mm. Hg. 

at baseline to 140/85 mm. Hg. at the end of treatment. Sub

sequent follow-up at six months after treatment revealed an 

additional decrease from the post-treatment BP measure to 

130/82 mm. Hg. The researchers suggest that these findings 

seem to imply that continued PR practice can be helpful in 

significantly reducing SBP and DBP. 

The simple A-B plus follow-up design of the above 

experiment lends itself to clinical application (Graham et 

al, 1977)• However, the inferences to be drawn from the 

experiment could have been increased by not providing the 

patient with accurate BP measures and not allowing the patient 

to monitor his own BP. By introducing a reversal procedure 

into the design the results would strengthen inferences to 

be made with respect to the value of PR and biofeedback in 

lowering BP. However, rather than improve the methodology 



49 

the same authors completed a slightly modified replication 

(Beiman, Graham and Ciminero, 1978). This study was per

formed with N=2. Person A showed a baseline BP of 137/97 

mm. Hg. while Person B showed a baseline BP of 149/88 mm. 

Hg. At the completion of the treatment program the BP measures 

were 122/81 and 132/79» respectively. At the six month post-

treatment follow-up both persons continued to show BP de

creases to 122/80 mm. Hg. for Person A and 127/76 mm. Hg. 

for Person B. 

The replicative nature, time between experiments, 

lengthy baseline data collection period and consistent 

findings suggest these experimental programs might be pro

ductive in establishing a behavioral treatment program for 

EHT. However, these procedures do not allow the reader to 

determine the relative contribution of the relaxation or 

biofeedback components in the treatment package. 

Since finger temperature is a function of vaso-

dilitation Bertilson, Bart and Zimmerman (1979) speculated 

that biofeedback of finger temperature combined with relaxa

tion would be effective in teaching EHT patients to decrease 

their BP. The researchers trained eight physician referred 

male students diagnosed as having EHT. The patients were 

first taught to relax and then provided with finger tempera

ture biofeedback at each session. The researchers found 

that relaxation alone increased finger temperature which 

was not augmented by the subsequent biofeedback. Systolic 
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blood pressures decreased during and between sessions from 

a baseline average of 132 mm. Hg. to 128 mm. Hg. following 

relaxation and to 126 mm. Hg. when biofeedback was introduced. 

No significant changes in DBP were observed. Follow-up at 

22 weeks revealed an average SBP of 140 mm. Hg. which the 

researchers interpreted as suggesting practice in relaxa

tion is essential to the maintenance of BP reductions. 

As there was only a one session baseline data collec

tion period and no control groups, the Bertilson et al (1979) 

study is of limited utility in the development of a behavioral 

treatment for EHT. However, the researchers used readily 

available, and not technically sophisticated, equipment 

in what could be viewed as a realistic out-patient setting. 

Their finding that patient compliance with treatment deteri

orates, with a subsequent return to pre-treatment BP levels, 

is consistent with other reported research (Patel, 1977)• 

In a series of out-patient clinical research pro

grams the combined effects of relaxation, biofeedback and 

pharmacologic treatment have been investigated (Patel, 1973> 

1975. Patel and North, 1975)* Various relaxation and biofeed

back procedures (EMG and EDG) have been used. All patients 

in all studies have been receiving hypotensive medications 

at the start of the research. All studies have exhibited 

methodological errors, e.g., very short or no baseline BP 

measures, no control group, within treatment medication 

changes. However, the results have been consistent in that 
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BP decreases of at least 15 mm. Hg. SBP and 13 mm. Hg. 

DBP have been observed following this combination of treatments 

and at 12 month post-treatment follow-up. Cross-over designs 

have shown equivalent BP decreases in original control groups. 

Patel's (1973» 1975; Patel and North, 1975) combina

tion of treatments makes it impossible to discern the rela

tive contribution of each treatment modality to the observed 

decreases in BP. However, there can be little doubt that 

this combination of behavioral and pharmacological approaches 

does have an effect on decreasing BP. Since some patients 

have been able to discontinue or decrease their pharmaco

logical treatment and use the behavioral treatment components 

to maintain the lower BP levels, it is reasonable to attri

bute some of the observed effects to the behavioral treat

ments. 

Metronome conditioned relaxation (MCR) in combina

tion with visual binary BP biofeedback and medication was 

found to be effective in rapidly decreasing BP in EHT 

patients (Sawyer, 1977)• Four EHT patients were trained in 

MCR procedures over six 30-minute sessions. Patient A 

showed a BP decrease of 20/15 mm. Hg., Patient B showed a 

BP decrease of 35/20 mm. Hg., and Patients C and D showed a 

decline in BP of 3k/lb mm. Hg. and 27/11 mm. Hg. respectively. 

Follow-up at 10 days revealed BP stability at the decreased 

levels. 
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Sawyer's (1977) research would probably have bene

fited from a more extensive BP baseline. An A-B-A-B design, 

instead of the A-B design used, would have been helpful in 

allowing the reader to assess the actual effects of MCR 

training when supplemented with biofeedback and medications. 

Implications from the Literature 

Some degree of volitional control of the ANS bio

logical response systems mediating BP is possible. The exact 

mechanisms and treatment modalities which allow an EHT 

patient to discriminate, gain and maintain control of rele

vant stimuli have not been elucidated. Two modalities, 

relaxation and biofeedback, have been demonstrated to be of 

value in the development and application of a behavioral 

treatment program for EHT. The relative contribution of 

relaxation and biofeedback treatment programs to the control 

of BP has not been isolated. The inability to isolate the 

relative contribution of relaxation or biofeedback in the 

control of BP is due to methodological and/or procedural 

errors in the existing research. Additionally, BP biofeed

back, as it currently exists, is too expensive and cumbersome 

to be readily applied in the clinical setting. Hence, the 

development of a behavioral treatment program for EHT has 

been delayed because causal attribution for BP control can

not be made. 

By first determining which (or if) specific behavioral 

approaches, to the treatment of EHT, are effective, the 
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researcher/therapist can isolate the mechanisms responsible 

for observed changes in BP. The single case (N=l) approach 

is well-suited to this task. The mechanisms and/or tech

niques identified as having an effect on decreasing BP can 

then be combined into a treatment package. The researcher/ 

therapist can then use group comparison procedures to test 

the scientifically developed treatment package. Much of the 

existing research has tested the treatments without, or 

simultaneously with, development of the treatment package. 

Additional research should, therefore, focus on methods and 

procedures which would allow inferences of a causal nature 

to be expanded beyond the present restricted limits. 

The research with normotensive persons suggests that 

they learn BP control in a fashion that is somehow different 

from the responses of the EHT patient in learning BP control 

(Mount, Walters, Rowland and Barnes, 1978). The differences 

may be secondary to a variety of factors. As these factors have 

been neither fully identified nor understood continued research 

efforts into BP control mechanisms with the EHT population 

are desirable. 

Of the many possible research designs available for 

use in additional investigation, the A-B-A-B design is the 

minimum acceptable approach to be used to identify the 

mechanisms responsible for observed BP changes. The rever

sal procedure provides data suggesting whether or not control 

of the dependent variable can be demonstrated. By terminating 
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experimental procedures in the treatment phase, the effects 

of the independent variable are re-demonstrated. This design 

also allows the researcher to pre-determine the length of the 

baseline data collection period in such a fashion as to allow 

for adaption of the patient to the 3P measuring environment. 

Hence, some stability of BP measures can be presumed. 

To compare and eventually discern the relative 

effects of the experimental treatments on BP control, the 

researchers must develop control procedures in addition to 

treatments. Without some situation that is not also an 

effective experimental treatment, researchers will continue 

to be unable to identify the essential factors in any behavioral 

treatment package. The most productive control procedure 

would be one that provides essentially the same amount of 

patient-experimenter contact in a 'treatment' previously 

shown to be ineffective in the mediation of BP. Where possible, 

this should be supplemented with wait listed no-treatment 

patients which are available for probe BP measures until they 

can be exposed to the experimental treatment. 

The researchers should make every effort to avoid 

confounding the experimental treatments. Persons in the re

laxation treatment program should not be provided with infor

mation regarding BP changes. Persons receiving biofeedback 

treatment should not be simultaneously instructed to relax 

and/or lower their BP. If such isolation of experimental 

treatment conditions can be made, a major contribution to 
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the development of a "behavioral treatment program for EHT 

will have been made. 

Although there are many possible avenues through 

which biofeedback may be presented, the research is clear that 

biofeedback on the relevant variable to be modified results 

in the patient learning to control that variable. Hence, 

although procedurally difficult, and financially expensive, 

essentially continuous monitoring of 3P and immediate biofeed

back of changes are the minimum requirements. Biofeedback 

through less directly related channels, e.g., surface skin 

temperature and muscle tension level, has not, thus far, been 

demonstrated to be directly related to systemic BP (Brown, 

1977; Datey, 1976; Freedman, 1976; Hume, 1976; Masi, Moore 

and Weston, 1976; Olton and Noonberg, 1980; Pickering, Brucker, 

Frankel, Mathia, Dworkin and Miller, 1976; Schwartz, 1976; 

Strauss, 1976; Taub, 1977)- The recently developed indirect 

procedure of BP measurement through PWV, although expensive, 

holds promise as an alternative to direct BP biofeedback but 

requires additional research as to reliability and stability 

of effects (Martin, Epstein and Cinciripini, 1978; Steptoe, 

Smulyan and Gribbin, 1976; Weiss and Bo, 1980). 

The adaption of the constant cuff BP measurement 

procedure investigated in this dissertation provided BP 

biofeedback which was directly related to BP measures, was 

quickly and easily learned, relatively inexpensive, used 
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readily available equipment and appeared to be adaptable to 

the practical situations of a working clinic (Rugh and 

Schwitzgebel, 1980). 

Whatever treatment modality, relaxation or biofeed

back, is to be investigated, massed practice training ses

sions are more likely to effect early and sustained BP 

changes than distributed practice sessions. The development 

and subsequent usage of a behavioral treatment package to 

control EHT is dependent on that package being shown to 

be as rapidly and clinically effective as pharmacologic 

therapy for EHT. Additionally, the long-term effects of a 

behavioral package must be superior to the effects on BP of 

long-term drug therapy. 

Subsequent research aimed at the comparison and 

development of behavioral treatments for EHT should consider 

the above factors and take whatever steps are possible to 

provide rigorous control procedures. The methods and procedures 

of this dissertation attempted to consider these, and other, 

factors which impair causal attribution and generalization. 

Summary 

This chapter has reviewed a significant proportion 

of the published literature focusing on investigating and 

developing a behavioral treatment program for EHT. An at

tempt was made to identify major methodological and procedural 

deficiencies in the reviewed research. The literature was 



classified as to treatment modality and chronologically 

presented within the classification scheme. Considerations 

for future research were presented. 



CHAPTER 3 

METHODOLOGY 

The experimental design concentrated on the control 

of history, instrumentation, observer bias, data stability, 

reactivity to multiple interventions, participant sensitization, 

and generalizability as major threats to internal and external 

validity. The control was provided by the arrangement of the 

overall design elements. The experiment was designed as a 

single subject reversal (A-B-A-B) featuring nonspecific 

treatment (NST) controls, a waiting-list control group, and 

internal clinical evaluation of the experimental treatments 

with a subsequent replication of the effective treatment. 

The design was developed to provide the maximum information 

as to the contribution and credibility of each experimental 

treatment modality investigated, in the control of DBP. This 

chapter provides a general description of the persons partici

pating in the experiment and specifically describes partici

pant recruitment, selection, assignment to experimental condi

tions, instrumentation, procedures and data analyses. 

Subject Recruitment 

The Pima County Medical Society was contacted by 

telephone and asked to provide a list of Tucson area physicians 

58 
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specializing or expressing an interest in the treatment of 

hypertension. This list consisted of only three physi

cians. Hence, the Yellow Pages of the July, 1981, Tucson 

telephone directory were consulted. All physicians (medical 

and osteopathic) listing themselves under family practice, 

internal, industrial or occupational medicine were then sent 

a letter explaining this experiment and requesting patient 

referrals. 

The basic requirements for and the rationale for 

patient referral to the experiment were that the patient be: 

(1) determined to have a DBP greater than 

or equal to 90 mm. Hg. but less than 105 

mm. Hg. with no diagnosed etiology. This 

range in DBP was selected as previous research 

indicated there would be a large population 

from which to draw (Perry, 1977)• An 

additional reason is that persons having DBP 

in this range account for 60% of the re

ported increased morbidity and mortality 

secondary to hypertension (Hypertension 

Detection and Follow-up Program Cooperative 

Group, 1979); 

(2) receiving no other concurrent treatment for 

hypertension. This requirement was necessary 

to avoid a confounding of treatment effects; 

(3) able and agreeable to attend 90% of the 



baseline, treatment, no-treatment and probe 

sessions as outlined in the following 

pages. This requirement was made in an 

attempt to decrease participant attrition 

during the experiment; 

(4) between the ages of 20 and 50 years. This 

requirement insures a large population from 

which patients could be referred. Further, 

this group includes a large portion of the 

vocationally productive years. Hence, pro

gress in BP control with this group could 

reduce economic and social burdens arising 

from vocational disability secondary to EHT; 

(5) capable of understanding and signing the 

informed consent and release of liability 

forms. This requirement is self-explanatory; 

(6) free of possible complicating diseases 

and/or disorders that would distort BP 

measures, e.g., not having diabetes mellitus, 

cardiovascular abnormalities. 

Referrals from the medical community were too few 

to allow the experiment to proceed. Hence, advertisements 

soliciting volunteers were placed in the Tucson Citizen and 

Arizona Daily Star. The response to these advertisements, 

over a two week period, provided enough subjects to perform the 

experiment. 
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Regardless of the actual recruitment method, each 

participant was asked to inform his or her treating physician 

of his or her participation in the experiment. Additionally, 

the dissertation consulting physician was informed of any 

increases in DBP beyond baseline values, and appropriate action, 

e.g., discontinuance of treatment, referral for medical treat

ment, was taken. Where possible, the person's treating 

physician was asked to monitor and evaluate changes in DBP. 

In all cases, DBP measures were available on request. Thus, 

where indicated, appropriate medical attention was available 

to each participant. 

Design 

The limited number of referrals at any one time made 

the development of a subject pool impractical. Hence, the 

decision was made to randomize the experimental positions 

and assign volunteers to the pre-determined, but random, 

experimental or control condition based on the person's entry 

order. For example, the first volunteer might be assigned 

to the eighth experimental position, the second volunteer 

might be assigned to a probe control position. 

The experiments consisted of eight N=1 multiple 

baselines, multiple interventions across subjects with direct 

replications (Campbell and Stanley, 1966; Hersen and Barlow, 

1976; Kratochwill, 1978). The experimental sequence may be 

generically described as an A-B-A-B-C-B-C reversal design, 
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where 'A' represents baseline or withdrawal conditions and 

*B' and 'C' represent treatment conditions (Hersen and 

Barlow, 1976). 

For convenience, Figure 3-1 displays the entire sequence. 

Each five session sequence is designated as an element. 

Element I was always designated as the baseline and Element 

III always designated the withdrawal of treatment conditions. 

During Element II, IV, V, VI and Vii the participant was 

exposed to an experimental treatment. Additionally, Element 

I was divided into an accommodation (ACC) unit of three days 

and a baseline (BL) unit of two days. This division is 

marked by the dotted vertical line in Element I. 

Figure 3-1 • Experimental Sequence. 

Elements I II III IV V VI VII 

105 : 

MEAN 100 : 
mDBP • 

(in mm. Hg.) 95 • 

90 : 

5 10 15 20 25 30 35 

Sessions 
(in days) 

This design serves to establish a continuity of BP 

measures for each person no matter what their status within 

the experiment. Each person serves as his or her own 
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control, can be compared with another person receiving the 

same treatment at a different time, and can be compared 

with the control group as well. 

The termination of the experiment results in data 

constituting an original experiment, one direct replication 

of each experimental condition and/or systematic replication 

of the experimental condition (EC) determined to be the most 

effective at the end of Element IV. These data suggest 

possible generalizations as to treatment effects across 

persons, treatment modalities and sequences of treatment 

(Hersen and Barlow, 1976). 

The original experimental conceptualization presumed 

that a significant number of referrals would be received in 

a period of a few days. This would have made it possible 

to develop a participant pool and then randomly assign persons 

from that pool to randomly selected experimental condi

tions. This presumption turned out to be erroneous. Hence, 

volunteers were assigned to randomly selected ECs according 

to the order in which the person volunteered. 

Each experimental position has a corresponding 

experimental condition. The experimental conditions were 

designated EC-1, EC-2, EC-3, EC-4 and EC-5. The treatment 

associated with each condition was non-specific therapy 

(NST), relaxation, biofeedback and combined relaxation and 

biofeedback and probe/controls respectively. 



Figure 3-2 portrays the sequence of ECs experienced 

by each participant. The collection of data was initiated 

during the first session. However, Element I was divided 

into the ACC and BL units to allow for possible decreases 

in BP as the person became accustomed to the experimental 

environs. Each element was designed to last five sessions 

although provisions were made to extend Element I to attain 

BL stability and to shorten Element III if the person's BP 

returned to BL levels. (See Figure 3-2.) 

Figure 3-2. Individual Sequence of Experimental Conditions. 

Element 

Participant 
Designation 

I II III IV V VI VII 

11 BL EC-1 W EC-1 EC-2 EC-1 EC-2 

111 BL EC-1 w EC-1 EC-5 EC-5 EC-5 

191 BL EC-4 w EC-4 EC-3 EC-4 EC-3 

141 BL EC-4 w EC-4 EC-2 EC-4 EC-2 

119 BL EC-2 w EC-2 EC-4 EC-2 EC-4 

114 BL EC-2 w EC-2 EC-4 EC-2 EC-4 

161 BL EC-3 w EC-3 EC-4 EC-3 EC-4 

61 BL EC-3 w EC-3 EC-4 EC-3 EC-4 

Controls EC-5 EC-5 EC-5 EC-5 EC-5 EC-5 EC-5 

The multiple baseline design allowed the experi

menter to begin the experiment having one person in each 

experimental treatment condition and at the conclusion of 
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Element IV determine the EC which was accompanied by the 

largest decrease in mean median diastolic blood pressure 

(niDBP) from Element I through IV. The person originally 

experiencing EC-1 could then receive that treatment. 

This design allowed treatment changes to be imple

mented as such changes were indicated. Data was collected 

which suggests which treatment was effective, possible 

differences in treatment secondary to different sequences 

of treatment administration and which exposes all but one 

person and the control group to the experimentally determined 

effective treatment. 

Experimental Conditions 

The non-specific therapy (NST) condition consisted 

of a non-directive therapy approach that had previously been 

found to generate patient confidence in the therapy but no 

significant changes in DBP (Taylor et al, 1977). This 

condition was designated EC-1 for all phases. This consisted 

of providing information to the person and instructing the 

person to gain control over stress factors in his/her life. 

During this time the person was allowed to sit but not 

recline. 

Relaxation (R) training consisted of experimenter 

modified autogenic training (Luthe and Blumberger, 1979). The 

modifications consisted of: 

(1) limiting practice sessions to twice per 

day outside the clinic; 
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(2) adding a required organ specific visualiza

tion sequence involving arterial musculature 

(Schultz and Lumberger, 1977; Simonton and 

Simonton, 1976). 

(3) not requiring participant notes of their 

perceived therapeutic responses as is 

required during formal autogenic relaxation 

training. 

During relaxation, the lights were dimmed and the person was 

allowed to use the recliner. This condition was designated 

EC-2 for all phases. 

During NST or R training no specific information as 

to degree or directionality of BP change was provided. Questions 

were answered with general comments, e.g., "You are right 

where you should be"; "You seem to be doing what you can". 

Biofeedback training focused on having the person 

attend and maintain the tone and/or light in the 'on* state. 

The patient was unable to predict whether feedback would 

be auditory, visual or both. Thus, it was not possible for 

the patient in this condition to close his or her eyes and 

obtain instrument feedback. Room lighting was left on. The 

recliner was not used. The experimenter remained with the 

participant and controlled the feedback according to the 

measured DBP changes. This condition was designated as 

EC-3 for both phases. 
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During EC-3. "the participants were not told that 

feedback would be provided for reductions in BP. They were 

informed that by controlling their physiological state in 

a certain direction, the light and/or tone would be turned 

on. As long as the physiologic control maintains that direc

tion, the light and/or tone would continue to be in the 'on' 

condition. (The experimenter believes it is reasonable to 

assume all participants were able to deduce that feedback 

was provided for BP decrements.) 

The combined relaxation and biofeedback condition, 

EC-4, represents a confluence of EC-2 and EC-3. The person 

was allowed to use the recliner and room lighting was 

dimmed. However, the person was still required to maintain 

auditory and visual attention to obtain meaningful feedback. 

This condition was designated as EC-4 for both phases. The 

same general information regarding feedback as was provided 

in EC-3 was used in EC-4-. 

During Elements I and III, while in EC-3 and EC-**, 

participants were provided with random BP biofeedback. This 

procedure resulted, essentially, in the creation of the actual 

experimental treatment conditions but impaired premature 

EP control by the participants (Sander, 1977)• 

During week six of the experiment the audio tone 

generator shorted out. Hence, the tone feedback was dis

continued. 
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The probe experimental condition, EC-5. represents 

a holding or wait list condition for participants. Patients 

were transferred in or out of EC-5 as the experiment pro

gressed. While in EC-5> patients came to the office for 

simple BP measures three times per week. 

The N=1 design was selected to determine if either 

experimental treatment was successful and which treatment 

was the most successful. The N=1 design is particularly-

suitable as fewer participants are required, individual 

responses are not masked by group data, and the interventions 

may be changed as experimental data becomes available (Hayes, 

1981; Hersen and Barlow, 1976). Further, the effectiveness 

of neither experimental treatment, relaxation nor DBP bio

feedback, in decreasing DBP had been demonstrated and, there

fore, between groups comparisons were premature (Gatchel 

and Price, 1979)• 

The replicative design was selected so that any con

sistency of changes in DBP could be observed (Carver, 1978). 

The phasic elements of the design are consistent with 

the concept of rapidly changing experimental designs advanced 

by Barlow and Hersen (1973)» Hayes (1981) and Sidman (i960) 

which promote applied research in clinical situations. 

Procedures 

The first element was broken into two units. The 

first unit, lasting three sessions, was designed to provide 
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an adaption period to the BP measurement conditions. The 

second unit, lasting two sessions, represented the actual 

baseline measurement sessions. Where necessary, due to 

measurement variability or a decreasing trend, the baseline 

sessions were increased until acceptable measurement stability 

was observed (Benson, 1975; Bali, 1981). The return to 

baseline Element III, treatment withdrawal, was limited to 

either three sessions wherein the person's BP showed a 

consistent return toward baseline levels or five sessions, 

whichever period was shorter. 

Each session lasted 60 minutes of which 45 minutes 

were spent in the actual ECs. Participants were required 

to attend one session per day, unless they were assigned 

to EC-5- Appointment times were arranged at the convenience 

of the patient. 

Daily reports of participant's BP measures were made 

available to the supervising and/or consulting physician. 

Changes in procedures or techniques were made where medically 

indicated and are reported under each participant's indivi

dual description. 

All patients were asked to urinate before each 

training session. The patients were then seated in the 

treatment room and asked to wait for 10 minutes. Pulse 

rate was then manually determined by taking the arithmetic 

mean of five 15 second pulse counts during the next three 
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minutes. This intra-session measure establishes the pulse 

rate and, hence, the expected number of fourth phase 

Korotkoff sounds (E(K)) to be used in determining median 

DBP for the specific session. 

The blood pressure cuffs were then carefully posi

tioned on each arm and left in place for the session (Geddes, 

1970; Krausman, 1975)• The BP cuffs were inflated or deflated 

as required to obtain DBP measures. 

While taking the DBP, if the difference between 

successive readings was found to be greater than 8 mm. Hg. 

a second reading was taken to verify the magnitude of the 

observed difference. 

During each session diastolic blood pressure measures 

for EC-1 and EC-2 were taken at four randomly chosen measure

ment times and once at the end of the session. The first 

measure was always taken on the right arm. Subsequent DBP 

measures alternated between arms. 

Patients experiencing EC-1 remained with the experi

menter the entire session. General non-directive counseling 

techniques were adopted by the experimenter. The patients 

were encouraged to decrease stress factors in their life 

and provided with general information about EHT. No specific 

instructions or methods to reduce stress were supplied. 

Patients receiving EC-2, relaxation training, had 

their DBP measured as described above. Additionally, they 
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listened to an experimenter modified autogenic therapy (AT) 

cassette recording during the session. 

The DBP measures and biofeedback for patients in 

EC-3 and EC-4 were accomplished using the following procedure. 

This procedure is a modification of the constant cuff (CC) 

method developed by Shapiro et al (1972). The adaption 

consists of decreasing the expensive and technically sophis

ticated equipment used by Shapiro et al (1972) and others 

(Elder et al, 1977; Fey and Lindholm, 1975)* The adaption 

is procedurally equivalent to the more expensive and elaborate 

systems (Peper and Shambaugh, 1979). Additionally, the 

adapted CC methods are inexpensive, easy to learn and appro

priate for applied professional practice (Nelson, 1981). 

The adapted CC procedure begins with the bilateral 

BP cuffs in position but deflated. The heart rate (HR) had 

previously been determined and was used to predict the 

expected number of relevant Korotkoff sounds that would be 

detected at the median DBP (mDBP). The first DBP measure 

taken served as the starting point to find the mDBP. Cuff 

pressure was changed by 2 mm. Hg. between 30 second trials 

to determine the DBP level where only 50fo of the E(K) were 

heard. When only 50f° of the E(K) sounds were detected, the 

mDBP was defined. The same procedure was used to determine 

the mDBP for the non-dominant arm, where needed. 

Once the intra-session mDBP was determined, the BP 

cuffs were alternately inflated for 30-second trials. During 



each trial the relevant Korotkoff sounds were counted as 

they occurred. If the number of counted sounds was less than 

25% of E(K) the experimenter provided visual and/or 

auditory feedback to the patient. The in-use BP cuff was 

then deflated. The BP cuff on the opposite arm was then 

inflated to a point that was 2 mm. Hg. less than the previous 

BP cuff pressure level and another trial began. 

If the number of relevant Korotkoff sounds counted 

in any trial was greater than 75% of the E(K) value, the 

feedback switches were opened, terminating feedback. The 

in-use BP cuff was then deflated and the BP cuff on the 

opposite arm inflated to a BP pressure 2 mm. Hg. greater 

than the previous BP cuff pressure. 

Blood pressure cuff pressures for subsequent trials 

within a session were adjusted (±2 mm. Hg.) from the DBP 

level of the previous trial. 

All DBP measures were taken at the second diastolic 

pressure point, i.e., when the Korotkoff sounds were no 

longer audible. By following this consistent procedure, 

errors in measuring the person's DBP are diminished as the 

only distinction to be made is whether a Korotkoff sound is 

present (Burch and DePasquale, 1962). 

Figure 3-3 provides the reader with an overview of 

the entire experiment showing the overlapping of baselines, 

treatment conditions and the sequence of treatment admini

stration. (See Figure 3-3•) 



Participant Experimental Condition 

119 

114 

111 

191 

Controls 

11 BL EC-1 W EC-1 EC-2 EC-1 EC-2 

61 BL EC-3 W EC-3 EC-4 EC-3 EC-4 

BL EC-2 W EC-2 EC-4 : EC-2 EC-4 

BL EC-2 W EC-2 EC-4 EC-2 EC-4 

BL EC-1 W EC-1 EC-5 EC-5 :EC-5 

BL EC-4 W EC-4 EC-3 ;EC-4 ! EC-3 

161 

141 

BL EC-3 W EC-3 EC-2 EC-3 EC-2 161 

141 BL EC-4 W EC-4 EC-2 EC-4 EC-2 

10 15 20 25 

Session 
(in days) 

30 35 40 45 50 

Figure 3-3. Overview of Experiment for each Participant 
•tr 
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Instrumentation 

The Marshall, Model 30» Electronic stethoscope was 

selected for detection of the Korotkoff sounds. This model 

provides amplification and filtering of the relevant sounds. 

Hence, the chances of miscounting the fourth heart sound 

secondary to diminished volume or "background noises were 

lessened. 

Blood pressures were all taken using Baunamometer, 

Model 320, mercury sphygmomanometers. The mercury sphygmona-

nometer was selected as the blood pressure measurement device 

because of its accuracy, reliability and general acceptance 

as the standard for blood pressure measurement (Burch and 

Pasquale, 1962). 

Feedback was provided through simple light and/or 

audio circuits. Normally open switches were activated by 

the experimenter when feedback was appropriate. The unit 

used in the present study was constructed by the author. 

The Cornell Medical Index (CMI) was given to all 

participants to ensure that a complete medical history was 

elicited (Brodman, Erdman and Wolff, 19^-9) • Any question 

responded to in the affirmative direction was investigated 

as to onset, duration, complicating factors, previous 

treatment and current status. The CMI has been found to be 

useful in discovering pertinent medical and psychiatric 

information relevant to an individual's health status and in 

providing structure to the medical history taking. 



76 

The Minnesota Multi-phasic Personality Inventory -

Revised (MMPI-R) was given to each participant. Thfe 

MMPI-R was included as some research has suggested that 

severely disturbed individuals will not respond to biofeed

back training (Adler and Adler, 1976; Walton, 1982). For this 

experiment, a severe disturbance was defined as T-scores greater 

than 70 on any three scales excluding scales 1, 5, 9 and 0. 

The Category Test of the Halstead-Reitan Neuro

psychological Battery was administered to all participants 

at the start and finish of each treatment program. This was 

done as part of a separate research project and no analysis 

of this data has been included in this dissertation. 

Data Analysis 

The data collected during this research are the 

product of several N=1 experiments. As such, comparative 

statistical analyses of the data was not attempted. The 

results are graphically reported for each patient. The 

consulting physician was asked to determine whether the 

observed changes in mDBP, from the start to completion would 

be evaluated as clinically significant. 

The decision to evaluate observed changes in mDBP 

against clinical standards was made because N=1 data is not 

readily evaluated by large-sample statistical procedures 

(Levin, Marascuilo and Hubert, 1978). Secondly, randomization 

procedures were not strictly followed and the intraperson 
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mDBP measures are correlated which suggests non-parametric 

randomization tests were not appropriate (Hollander and 

Wolfe, 1973; Levin et al, 1978). Thirdly, statistical 

significance is more a function of sample size than impor

tance of observed differences (Barlow, 1981; Garfield, 1981). 

Fourthly, the replicative design allows logical analysis 

of the treatment effects (Carver, 1978). Finally, previous 

research has shown that blood pressure changes tend to be 

statistically significant but not clinically significant 

(Brucker, 1980). 

Evaluation of the effective treatment was accomplished 

through visual analysis of the rate and absolute magnitude 

of change in mDBP. The EC showing the fastest and greatest 

change in mDBP was designated as the effective treatment 

for that unit. 

The data are presented and represented as the observed 

variations in mDBP for these participants under the experi

mental treatment conditions during the time the experiment 

was conducted. Logical generalizations as to possible 

treatment effects in other persons, settings and conditions 

should be made only after considering the limitations of 

N=1 research. However, those limitations should not preclude 

a logical extension of the effective treatment to similar 

patients in similar situations. 



A substantial portion of the author's motivation 

for undertaking this experiment was to demonstrate the 

utility of N=1 research in an applied clinical setting. 

Graphical evaluation of the data can be enhanced by a 

statistical monitoring procedure advanced by Shewart 

(1931)• Essentially, this procedure establishes a confidence 

interval around the mean of a set of means and allows the 

clinician/researcher to establish a baseline confidence 

interval against which the effects of treatment can be 

assessed. For this experiment the 95$ confidence limit 

was selected because of its general acceptance in the rele

vant literature. Thus, any decreases in mean mDBP below 

the lower confidence level would be statistically signi

ficant at the .05 level, i.e., p<.05. 



CHAPTER 4 

RESULTS 

The data are presented graphically for each partici

pant. The graph showing each person's responses during 

the entire experiment is described and observations are 

made. Subsequently comparative observations are made between 

persons receiving the same treatment and those persons 

receiving other treatments. 

To possibly extend the planned baseline, the data 

collected during the first three sessions was statistically 

compared (t-test) with the data collected during the fourth 

and fifth session. The two data sets were found to be 

statistically the same (p>.05). Hence, in all cases it 

was possible to have a five session baseline. This is always 

referred to as Element I. 

The following participant graphs are interpreted 

using this legend: 

Solid heavy horizontal line - Element mean MDBP 

Solid vertical line with bar caps - 95% confidence 

interval around the Element mean 

mDBP 

Solid vertical line - Element boundary 

Short vertical mark - session mean mDBP 

79 
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The graphs should be interpreted by first identifying 

the EC for each element. These are noted at the top of the 

element columns. Then the element mean mDBPs may be evaluated 

with respect to the changing ECs as the graph is read from 

left to right. 

The number of sessions (in days) is noted along 

the the abscissa. The DBP (in mm. Hg.) is noted along the 

ordinal. With one exception, Participant 119» Element III, 

each element represents five sessions. 

The 95% confidence level is shown for each element 

by a capped vertical line bisecting the element mean mDBP. 

This allows the reader to evaluate the variability of each 

participant's mDBP for each element. The lower 95$ confi

dence limit for Elements I and IV are estended across each 

graph. This allows the reader to evaluate the mean iriDBP 

variability across all elements. The element lower 95$ 

confidence limits may also be used to determine whether 

decreases in the mean mDBP between elements are within the 

limits of variability to be expected by chance. 

To aid in interpretation the element mean MDBP 

(in mm. Hg.) is typed along the abscissa beneath each element. 
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Individual Cases 

Participant 11 (See Figure 4-1.) 

Description. During the first three weeks of parti

cipation, only minor changes in mean mDBP were observed. 

However, these changes were in the downwards direction. The 

observed changes in mean mDBP across Elements I, II and III 

were neither statistically (p>.05) nor clinically significant. 

The mean mDBP observed in Element IV continued to 

show a decreasing trend and was found to be statistically 

different (p<.05) than the Element I mean mDBP. 

Element IV was considered as the baseline (BL) for 

Elements V, VI and VII. The introduction of EC-2 at Element 

V was accompanied by the continuing decrease in mean mDBPs. 

This decrease was not found to be statistically (p>.05) or 

clinically different than the Element IV mean mDBP. The 

withdrawal of EC-2, i.e., the return to EC-1 for this partici

pant, was observed to coincide with an increase in mean mDBP. 

As shown in Element VI, this increase was not statistically 

(p .05) or clinically different than the Element IV mean 

mDBP. The re-introduction of EC-2, Element VII, coincided 

with an observed decrease in mean mDBP that, again, was not 

found to be statistically (p>.05) nor clinically different 

than the Element IV mean mDBP. 

Observations. This graph suggests the following: 

1. There was very little decrease in this person's 
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mean mDBP until Element IV. 

2. All observed changes in this person's mean mDBP 

were in the downward direction except that observed 

in Element VI. 

3. The observed mean mDBP of Element IV was found to be 

statistically (p<.05) different than the Element I 

(BL) mean mDBP but was not found to be clinically 

significant. 

4. The observed difference in mean mDBP between Element 

IV and Elements V, VI and VII were found to be 

neither statistically (p>.05) nor clinically signi

ficant. 

5. The difference in mean MDBP between Elements I and 

VII was found to be both statistically (p<.05) and 

clinically different. 

Participant 111 (See Figure 4-2.) 

Description. During Elements I, II, III and IV 

small and insignificant, statistically (p>.05) and clinically, 

changes in the element mean mDBPs were observed. 

The observed mean mDBPs were found to be statisti

cally (p<.05) different than the Elements I and IV mean 

mDBP for Elements V and VI. This difference was not, how

ever, clinically significant. 

The Element VII mean mDBP showed a return toward the 

Element I mean mDBP. This increase was statistically (p<.05) 
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different than the Element IV upper 95# confidence limit. 

(This statement would continue to be true even if the 

extreme DBP reading had been discarded.) 

Observations. These data suggest that for this 

participant: 

1. The introduction of EC-1 coincided with small 

changes in mean mDBP which, although in the desired 

direction were neither statistically (p>.05) nor 

clinically significant. 

2. The withdrawal of EC-1 was followed by a similar 

increase in mean mDBP. 

3. During EC-5, the mean mDBP was found to be statisti

cally (p<.05), but not clinically, different than 

either the Element I or IV mean mDBP. 

4. By the time this person had experienced EC-5 for 

15 sessions her mean mDBP had returned to Element 

I levels. 

Participant 119 (See Figure 4-3.) 

Description. The introduction of EC-2 at the start 

of Element II was followed by a decrease in the mean mDBP 

which was found to be statistically (p<.05) and clinically 

different than the Element I mean mDBP. 

The withdrawal of EC-2 was followed by an observed 

increase in mean mDBP, as shown by Element III. This 

increase in mean mDBP was, essentially, a return to the 
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Element I level. This increase was evaluated as statistically 

(p<.05) and clinically significant when compared to the 

Element II mean mDBP. This rapid return to baseline mDBP 

levels was regarded as potentially hazardous and, therefore, 

Element III was shortened to only three sessions. 

The reintroduction of EC-2 at Element IV was followed 

by another statistically (p<.05) and clinically significant 

decline in the mean mDBP as compared to the Element I 

baseline. 

The introduction of biofeedback, i.e., EC-4, at 

Element V was followed by an increase in mean mDBP which 

continued to be statistically and clinically different than 

the Element I mDBP. This decline was evaluated as statisti

cally within the limits of normal variability from Element 

IV data. 

The re-introduction of biofeedback was followed by 

another increase in mean mDBP which was adjudged within 

the statistical limits of anticipated variability. 

Observations. The data collected during this experi

ment suggest that: 

1. Each time EC-2 was introduced, the mean mDBP 

was found to decrease to a level determined to 

be statistically (p<.05) and clinically less than 

the baseline level. 

2. With each introduction of biofeedback, the mean 
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mDBP was observed to increase. 

3. The withdrawal of EC-2 was followed by an observed 

increase in mean mDBP to the Element I baseline 

level. 

4. The withdrawal of biofeedback at Element VI, i.e., 

a return to EC-2, was followed by a decrease in the 

mean mDBP. 

5. Once this person had been exposed to EC-2, only 

the withdrawal of all treatment was found to be 

followed by an increase in mean mDBP which was 

similar to the baseline mean mDBP. 

Comment. When asked to explain the process through 

which she maintained biofeedback, this person responded 

that she relaxed and did not pay much attention to the 

biofeedback. 

Participant 114 (See Figure 4-4.) 

Description. The introduction of EC-2 was observed 

to coincide with a decrease in mean mDBP during Element 

II. This decrease was statistically significant (p<.05) 

when compared to the baseline mDBP. 

The withdrawal of EC-2 was followed by an increase 

in mean mDBP to the Element I level. The subsequent 

reinstitution of EC-2 was followed by a decrease in mean 

mDBP to a level similar to that attained during Element 
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II. Again, this decrease was evaluated as statistically 

(p*.05) different than the Element I mean mDBP. 

The introduction of biofeedback during Element V 

was accompanied by an increase in mean mDBP that was found 

to be no different than the Element IV mean mDBP when 

compared statistically (p>.05). The subsequent reintro-

ductions of EC-2 (Element VI) and biofeedback (Element VII) 

were followed by insignificant (p>.05) changes in mDBP. 

Observations. Participant 114 responded to the 

sequence of ECs in such a fashion that the following observa

tions appear reasonable: 

1. Each time EC-2 was introduced during Elements I 

through IV, the mean mDBP was observed to decrease 

to a level less than what would be statistically 

(p*.05) expected from the baseline mean mDBP. 

2. The withdrawal of EC-2 was followed by an increase 

in mean mDBP except at Element VII. 

3. The observed changes in this person's mean mDBP, 

although statistically (p<.05) significantly 

different from the baseline mean mDBP, could not 

be considered clinically significant. 

Comment. This person attended to the biofeedback 

during Elements V and VII, i.e., while experiencing EC-4. 

Participant 61 (See Figure 4-5.) 

Description. The observed decrease in mean mDBP 

from Element I to Element II coincided with the introduction 
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of EC-3. This decrease was evaluated as statistically 

significant (p«.05). 

The withdrawal of EC-3 was followed by a continua

tion of the decline in mean mDBP observed during Element II. 

In fact, the decline in mean mDBP observed during Element III 

was evaluated as statistically different than the mean MDBP 

of either Element I or II. 

The reintroduction of EC-3 a"t Element IV was observed 

to coincide with an increase in the mean mDBP. However, 

the mean mDBP continued to be statistically (p<.05) different 

from the Element I mean mDBP. 

Element V, the introduction of relaxation, i.e., EC-4, 

was found to coincide with a decrease in mean mDBP which was 

statistically (p<.05) and clinically different from the 

Element I mean mDBP but only statistically (p<.05) different 

than the Element IV mean mDBP. 

The withdrawal of relaxation and return to EC-3 

conditions during Element VI was found to coincide with 

an increase in the mean mDBP which was statistically (p<.05) 

equivalent to the Element IV mean iriDBP. This increase in 

mean mDBP was also adjudicated as statistically (p<.05) 

different than the Element V mean iriDBP. 

The return to EC-4, in Element VII was accompanied 

by an observed decrease in mean mDBP which was evaluated 

as statistically (p<.05) different than either the Element 

I, IV or VI mean mDBPs. 
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The decrease in mean mDBP from Element I to Elements 

V and VII were also found to be clinically significant. 

Observations. These data suggest thati 

1. The first introduction of EC-3 was followed by a 

statistically significant (p<.05) decrease in 

mean mDBP. All other introductions of EC-3 were 

followed by increases in the mean mDBP. 

2. The introduction of EC-2 was followed by a decrease 

in mean mDBP below both the Element I and IV mean 

on DEPs that was statistically significant (p*. 05) 

but no clinically significant. 

3. The overall sequence of intervention was found to 

demonstrate a decrease in mean mDBP which was, 

compared to Element I, evaluated as clinically 

and statistically (p^.OS) significant. 

Participant 161 (See Figure 4-6.) 

Description. The introduction of EC-3. Element II, 

was found to coincide with a decreased mean mDBP which was 

determined to be statistically (p*.05) different than the 

baseline mean mDBP. The subsequent withdrawal of EC-3 was 

followed by an increase in mean mDBP to a level which was 

anticipated from the baseline mean mDBP (p>.05). 

The reinstitution of EC-3 at Element IV was found 

to be accompanied by a decrease in mean mDBP which was statis

tically (p<.05) different than the Element I mean mDBP. 
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Comparison of the Element IV mean mDBP with the 

Element V mean mDBP revealed that the initiation of EC-2 

was accompanied by an insignificant (p>.05) decrease in 

mean mDBP. The subsequent return to EC-3 conditions was 

found to coincide with a continued decrease in mean mDBP 

which was evaluated as statistically significant. 

During Element VII, EC-2 was reintroduced. This 

was accompanied by the observed continuance of the decrease 

in mean mDBP. This decrease also was found to be statistically 

(p<.05) different than either the Element I or IV mean 

mDBPs. 

The overall experimental experience of this person 

was accompanied by a decrease in mean mDBP from Element I to 

VII that was evaluated as clinically significant. 

Observations. The data collected during this experi

ment suggest that: 

1. There was a generally decreasing trend in this 

person's mean. mDBP from Element I through VII. 

2. The magnitude of change between Elements was 

relatively consistent once any form of treatment 

had been initiated. 

Participant 191 (See Figure 4-7.) 

Description. The initial exposure to treatment, 

EC-4, was accompanied by a decrease in me'an iriDBP from the 

baseline level which was found to be statistically (p*.05) 
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significant. This was the only significant change in 

mean mDBP throughout the experiment. Subsequent mean mDBP 

measures were all within the limits of what one would 

expect through random variation. 

Observations. The data from this experiment suggests 

that: 

1. Only the initial exposure to treatment resulted 

in a statistically (p«.05) significant decrease 

in mean mDBP. 

2. The introduction of EC-3 was accompanied by an 

increase in mean mDBP. 

3. The withdrawal of EC-4 had no significant effect 

on mean mDBP. 

Participant l4l (See Figure 4-8.) 

Description. The introduction of EC-4 at Element 

II was found to accompany a mean mDBP decrease from baseline 

which was evaluated as statistically (p<,05) significant. 

The subsequent withdrawal of EC-4 coincided with an insigni

ficant (p».05) increase in mean mDBP for Element III as 

compared to Element I. The reinstitution of EC-4 at 

Element IV accompanied an observed decrease in mean mDBP 

which continued to be statistically (p<.05) less than the 

mean mDBP of Element I. 

The withdrawal of biofeedback at Element V, the 

reinstitution of biofeedback at Element VI and the final 
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withdrawal of "biofeedback at Element Vii were found to "be 

accompanied by statistically (p>.05) similar mean mDBP 

in relation to Element IV. However, the decrease in mean 

mDBP at Element V and VII did occur in the absence of bio

feedback, i.e., EC-2. 

The overall decrease in mean mDBP from Element I 

to VII was determined to be clinically significant as well 

as statistically significant (p<.05). 

Observations. The data from this experiment suggests 

that: 

1. Each introduction of the original treatment, EC-4, 

was followed by a decrease in mean mDBP. 

2. The introduction of EC-2, i.e., withdrawal of 

biofeedback, was also followed by a decrease in 

mean mDBP. 

3. The comparitive changes followed by the sequence 

of EC-4, EC-2, EC-4, EC-2 were significantly 

different (p<.05) only from the baseline and 

not from each other. 

Control Cases (See Figure U-9.) 

Description. There were five persons that completed 

the entire seven week experiment period without receiving 

any form of treatment. This group was randomly determined 

as previously described. There was no reason to suspect 
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that this group was somehow different from the persons 

actually receiving an experimental treatment. 

The inspection of Figure 4-9 reveals that the control 

group experienced only small and insignificant changes in 

their mean mDBP. These changes were neither statistically 

(p>.05) nor clinically significant at any time during the 

experiment. 

Observations. The relatively small changes in mean 

mDBP suggest that factors external to the experiment did 

not precipitate a significant decrease in the control 

groups mean mDBP. 

Case Comparisons 

Same EC. Cases receiving the same ECs in the same 

sequence were compared to determine similarities and 

differences of possible experimental effects. 

The first comparison was between participants receiving 

EC-1. Participants 11 and 111 responded similarly during 

Elements I, II and III. Only insignificant (p».05) changes 

in the mean mDBPs were observed. Participant 11 demonstrated 

a steady decrease in mean mDBP. Participant 111 demonstrated 

decreases in mean mDBP only when EC-1 was introduced. By 

the time Element IV was concluded, participant ll's mean 

mDBP had become significantly (p<.05) different from 

the baseline level. Participant Ill's mean mDBP, although 

decreased, was not significantly different from the base

line level. 
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The next comparison made was between participants 

119 and 114. Both received EC-2 followed by EC-4. The 

nature and magnitude of these participants responses to 

EC-2 were similar. Both demonstrated statistically signifi

cant (p<.05) decrease in mean mDBP following each intro

duction of EC-2. The withdrawal of EC-2 was followed by 

increases in the mean mDBP of both participants 119 and 114. 

However, only the decrease exhibited by participant 119» 

at Element IV, could be regarded as clinically significant. 

The introduction of biofeedback, i.e., EC-4, was 

observed to coincide with increases in the mean mDBP of 

both participant 119 and 114. The withdrawal of EC-4, 

i.e., the return to EC-2, was followed by a decrease in 

mean mDBP only for participant 119. Participant 114 demon

strated an increase in mean mDBP at the same point in the 

experiment. For both participants, the observed changes 

in mean mDBP for Elements V, VI and VII were neither 

statistically (p>.05) nor clinically different than the 

levels observed at Element IV. 

Participants 61 and 161 experienced EC-3 and EC-4. 

Participant 161 demonstrated a generally decreasing mean 

mDBP throughout the experiment. The only increase was 

observed during Element III when EC-3 was withdrawn. Parti

cipant 61 showed essentially the same pattern of decreasing 

mean mDBP for Elements I and II only. The withdrawal of 

EC-3 was found to coincide with an additional decrease in 
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mean mDBP. Reinstituting EC-3. at Element IV, was followed 

by an increase in mean mDBP. Participant 61 demonstrated a 

significant (p<.05) reduction in mean mDBP during EC-4 

and a return to Element IV baseline levels when EC-4 was 

withdrawn. The subsequent return to EC-4 was accompanied 

by a decrease in mean mDBP. Both person 61 and 161 were 

found to exhibit an Element VII mean mDBP that was statisti

cally (p<.05) and clinically less than the Element I 

baseline and statistically (p<»05) less than the Element 

IV baseline. 

The final comparison to be made was between partici

pants 141 and 191. Both of these persons experienced EC-4 

during Elements II and IV. The initial introduction of EC-4 

was followed by a decrease in both participant's mean mDBP 

that was statistically (p<.05) significant. The withdrawal 

of EC-4 was not followed by significant changes in the mean 

mDBP of either person. The reintroduction of EC-4 was 

followed by a further decrease in the mean mDBP of both 

persons. Further changes in the mean mDBP of participants 

l4l and 191 from the Element IV baseline were not found to 

be statistically significant. The overall decrease in mean 

mDIP for participant 114 was evaluated as statistically 

(p«.05) and clinically significant as compared to the 

Element I baseline. The changes observed for participant 

191 were evaluated as statistically (p«.05) significant 

only for the same interval. 
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Different ECs. The mean mDBP changes in response 

to changes in ECs and the variations in the sequence of EC 

experience are depicted in Figures 4-10 and 4-11. (See 

Figures 4-10 and 4-11.) 

The inspection of Figure 4-10 suggested the following 

compairsons in relation to the Element I baseline: 

1. The introduction of any EC was followed by a 

decrease in observed mean mDBP. 

2. The withdrawal of the originally introduced EC 

(OEC) was followed by an increase in mean mDBP 

except in two cases. 

3. The return to the OEC was followed by a decrease 

in mean mDBP in all but one case. 

4. The replacement of the OEC with the new EC (NEC) 

was generally followed by a decrease in mean 

mDBP if the NEC component was relaxation (EC-2). 

5. The replacement of an OEC with a NEC was followed 

by an increase in mean iriDBP if the OEC was EC-2. 

6. The reinstitution of the OEC, i.e., withdrawal of 

NEC, was followed by idiosyncratic changes in 

mean mDBP. 

The inspection of Figure 4-11 suggested the following 

comparisons in relation to the Element IV baseline: 

1. If the OEC was not EC-2, the introduction 

of EC-2 was followed by a decrease in mean mDBP. 

2. If the OEC was EC-2, the introduction of any other 
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EC was followed by an increase in mean mDBP. 

3. If the OEC was EC-3 â d the NEC was EC-2, there was 

a decrease in mean mDBP. 

4. If the OEC was EC-4 and the biofeedback component 

was withdrawn, i.e., the NEC was EC-2, there was 

a subsequent decrease in the mean mDBP. 

5. If the OEC was EC-4 and the relaxation component 

was withdrawn, i.e., the NEC was EC-3. there was 

a following increase in the mean mDBP. 

6. The return to the OEC was found to be followed by 

an increase in mean mDBP unless the OEC included 

relaxation as a component. 

Figure 4-12 portrays the changes in mean mDBP and 

evaluates the change as statistically significant (p<.05) 

(SS) and/or clinically significant (CS). For the purpose 

of this experiment CS was defined as any decrease in mean 

mDBP of 10 mm. Hg. or more. (See Figure 4-12.) 

The following comparisons are suggested by Figure 

4-12: 

1. Only participants exposed to EC-2 at some point 

in the experiment were found to show statistically 

significant decreases in their mean mDBP. 

2. Only persons exposed to EC-2 and EC-3 were evaluated 

as demonstrating statistically and clinically 

significant changes in their mean mDBP. 

3. Any initial treatment was found to coincide with 
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at least one instance of a statistically significant 

decrease in mean mDBP. 

Summary 

This chapter presented the data for each individual, 

compared experimental conditions intra- and inter-individually, 

by EC, by sequence of ECs and evaluated the data for clini

cal and statistical significance. The data were presented 

graphically and through other figures. 



CHAPTER 5 

CONCLUSIONS 

This, the final chapter, discusses the limitations, 

conclusions and recommendations emerging from this experi

ment. 

Limitations 

Previous research suggests that any field research 

dealing with the health of the individual will be confounded 

by an increased health awareness on the part of the experi

ment participants (Hersen and Barlow, 1976). In this 

experiment, the author was unable to prevent the partici

pants from making other changes, which were not reported, 

in their life situation which may have had the effect of 

decreasing the person's mean mDBP. The volunteers in this 

experiment were all highly motivated to decrease their mean 

mDBP. However, the possibility must be considered that such 

awareness, motivation and possible unreported changes 

represent the 'unknown' portion of any treatment for 

health problems. 

Although the original design called for complete 

randomization of volunteers to experimental positions, the 

author was unable to accomplish the plan. Participants 

110 
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were assigned to randomly determined experimental positions 

based on the persons order of volunteering. Although there 

does not appear to be a discernible difference between 

those persons who volunteered early and those who volunteered 

late, such a difference may exist. 

The research of Shapiro and his colleagues (1972) 

has suggested that beat-to-beat BP biofeedback results in 

the most rapid discrimination of what behaviors are associated 

with decreasing BP. The biofeedback procedures used in 

this study permitted trial-to-trial biofeedback only. 

Hence, the biofeedback procedure may have not allowed a fair 

evaluation of biofeedback as a treatment for mild EHT. 

However, the procedures used in the present experiment are 

more suited to clinical practice than the beat-to-beat 

biofeedback procedures. 

A related limitation of the procedures used in this 

experiment was that the modified autogenic therapy program 

departs from traditional autogenic procedures. Thus, the 

relaxation procedures might not have allowed for a completely 

fair evaluation of relaxation as a treatment for mild EHT. 

The sequential administration of the ECs may have 

produced some idiosyncratic responses to the treatment 

conditions. Changes in mean niDBP can, therefore, be 

evaluated only in relation to the consistency of those 

changes in relation to the sequence of EC exposure. 
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The absence of follow-up data precludes inferences 

as to the long-term effects of any treatment modality. 

Although six and twelve month post-treatment follow-up 

sessions are planned, the presently collected data must 

be regarded as suggestive only. This problem is common 

in health care research and the reader is cautioned to limit 

inferences as to treatment effects to the experimental period 

until additional data is collected and evaluated (Gatchel and 

Price, 1979)-

The major limitation of this experiment is that 

the experiment was based on single subjects methodology. 

Hence, generalizations to other individuals must be made 

with extreme caution. However, the experiment does contain 

one direct replication of each EC, and two systematic 

replications of EC-2 and -3- To the extent the results 

were consistent across participants and ECs, the conclusions 

were strengthened. Additionally, the withdrawal (reversal) 

feature of the design strengthens inferences as to the 

effect of any EC on mean mDBP. 

Finally, a potential major source of error effecting 

the outcome of this experiment was that of experimenter 

bias. The author entered the experiment negatively biassed to 

the possible effects of biofeedback. Special attention 

was, therefore, paid to the collection of data using 

standard techniques and instruments. The author is confident 

that no instrumentation or recording errors crept into 
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•the data. All data was evaluated using specified standards 

and techniques. 

Naturally, generalization is limited to these forms 

of experimental conditions. Generalization to other treat

ment modalities would be risky, at best. 

Conclusions 

The following conclusions are directly related to 

the experimental questions previously asked (See Chapter 1.). 

Questions 1, 2 and 3 must be answered in the negative. 

No single experimental condition was found to result in 

any person manifesting a decrease in mean mDBP which 

could be evaluated as clinically significant. However, 

statistically significant (p<.05) changes were observed. This 

finding affirms previous research that statistically signi

ficant changes are not always clinically important. 

Question 3(a) and 3 (b) deserve some clarification. 

Participants experiencing only the relaxation condition 

exhibited a greater decrease in mean mDBP than did those 

persons experiencing biofeedback and relaxation. Partici

pants experiencing EC-4 were found to have greater decreases 

in mean mDBP than participants experiencing only EC-3. 

However, the difference was small and could be attributed 

to other factors. 

Question 4 may be answered in the affirmative. The 

sequence of EC administration does appear to have an 



effect on decreasing mean iriDBP to a point where the decrease 

can be considered clinically significant. Only participants 

exposed to the relaxation only condition, at some point 

in the sequence, were found to have clinically significant 

decreases in their mean mDBP. In all but one instance, 

the clinically significant change was observed at the first 

introduction of relaxation conditions. Additionally, 

participant 11 experienced the EC-1 - EC-2 sequence of 

treatment and was within 0.4 mm. Hg. of being evaluated as 

demonstrating a clinically significant decrease in mean 

mDBP. 

The following general statements appear possible 

based on the data collected during this experiment: 

1. Relaxation, EC-2, was a necessary condition to 

the clinically significant reduction of DBP and 

appears to be the major component. 

2. Relaxation, EC-2, alone was not completely suffi

cient to reduce DBP to a clinically significant 

level in all cases. 

3. The treatment sequence of biofeedback, EC-3, and 

relaxation, EC-2, was observed to consistently 

reduce DBP by amounts determined to be clinically 

significant. The sequence of treatment should probably 

begin with EC-3. 
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Recommendations 

One additional single-subject replication of the 

experimental sequence experienced by participants 61 and l6l 

should be made to elucidate the relative contribution 

of biofeedback and relaxation. 

A careful review of the raw data suggests that the 

greater part of any decrease in mean mDBP occurred in the 

first three days of treatment. Systematic replication 

with the treatment elements shortened to three sessions 

should be undertaken. If three sessions are sufficient 

to result in clinically significant decreases in DBP, the 

treatment program could be substantially shortened. 

The pulse rate stability observed during this 

experiment suggests there was no need to monitor the partici

pants pulse rate in the manner described. One 15 second pulse 

determination, after ten minutes at rest, was sufficient. 

Any major changes in pulse rate will be detectable through 

the stethoscope. 

The biofeedback apparatus should be enclosed in 

a more attractive cabinet. Several participants commented 

on this. 

Although requiring a major change in EC-3 procedures, 

the experimenter believes that during future systematic 

replications, the participants should be provided with a 

stethoscope and a direct view of the sphygmomonometer. 

This would allow the patient to receive direct biofeedback, 


