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CHAPTER I 

INTRODUCTION 

In recent years, there has been a revival of interest in human 

biological cycles and a considerable amount of research has been com­

pleted concerning various rhythmic functions within the human body. A 

great deal of information has been previously documented on short term 

cycles which are 24 to 36 hours in duration and which dealt with topics 

such as sleep and body temperature. ·These cycles were referred to as 

circadian rhythms (1, 5, 13, 15, 17, 19, 20, 22). Some research and 

limited documentation have been completed on rhythms of longer dura­

tion, and biorhythm cycles was included in this area of investigation. 

The word "biorhythm" is derived from the Greek words "bios" mean­

ing "life" and "rhythmos" referring to "measured motions" (4). There 

are believed to be three rhythms included in this cyclic pattern, and 

they are separated into an overlapping 23-day physical cycle, a 28-day 

emotional cycle, and a 33-day intellectual cycle (4). It is thought 

that each cycle begins at birth and is renewed with the completion of 

each 23-, 28-, and 33-day period respectively (4). 

In reference to the three biorhythm cycles, people are said to 

experience critical days at the start, middle, and end of each cycle. 

These are days when the faculty in question -- physical, emotional, 

intellectual, or perhaps some combination -- is supposed to be the 

least reliable, exposing the individual to potential embarrassment, 

1 



and perhaps even danger. At the other extreme, when the three cycles 

peak on the same day, the individual should be capable of functioning 

with a high level of efficiency (18). 

2 

There are different opinions concerning the acceptance of the 

position of biorhythms in the fields of science and medicine. Bigham 

(3) stated that in reference to the 33-day cycle, writing and preparing 

manuscripts were affected by the intellectual cycle. This included re­

searching a topic, taking and organizing notes, and preparing outlines. 

Bolch (4) indicated that people at high points of these cycles 

have greater potential for high performance and at low points are 

likely to do more poorly. On critical days, when the curve crosses 

the neutral line, a person may have difficulty completing tasks that 

are normally considered routine. 

Chan (7) commented that stressful situations could not be ar­

ranged to be particularly suitable to a person's biological clock. 

However, being aware of the various cycles allowed someone to be more 

alert on critical days and to utilize the time in a purposeful way. 

Research suggests that there is increasing evidence of rhythms in 

many biological processes. Investigations "suggest the idea that both 

males and females have cycles in moods, which are associated with cer­

tain biological rhythms" (27, p, 82), Although there appears to be 

some scientific truth in reference to this information, "current re­

search efforts have been minimal because of the massive methodological 

and conceptual problems of isolating the causes, biological and environ­

mental, of the various cycles" (27, p. 82). 

Parlee (27) commented on research concerning mood variations of 

men that was completed in 1931 by Hersey. Industrial workers were 
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interviewed while they were working. The interviews took place four 

times daily for an entire year. An assessment of their emotional state 

was determined each day by self-ratings, co-workers opinions, and his 

observations. The data that was graphed each week indicated definite 

mood cycles for every man. These cycles varied from 3.5 to 9 weeks in 

length, and were regular and predictable for each worker. 

~fore support was provided in a report that indicated that the 

culture in the western hemisphere disregarded the importance of harmony 

and understanding concerning social and biological rhythms. Luce (27) 

observed that "factories ignore biological rhythms when workers are 

forced to change shifts" (p. 82). These new schedules did not take 

into account changes in body rhythms that make workers more effective 

at certain times. 

A systematically prepared report supporting the rhythm cycles and 

their effects classified people into three groups: "people with ill-

ness recurring every 7 to 14 days, those with cycles of 21 to 23 days, 

and those with cycles of 28 to 30 days" (27, p. 85). 

The diurnal pattern of light and darkness, the seasons, the 
waxing and waning of the moon -- all seem to shape our ex­
perlence in profound ways. Social norms such as work hours, 
mealtimes, holiday schedules, influence our bodies and per­
formances (27, p. 82). 

It was this removal from external cues or being exposed to other forms 

of cultures that immediately identified (in the case of social norms) 

the methods within which our experiences have been organized in a 

cyclical manner (27). 

Research completed with baseball pitchers indicated that there 

was a relationship between top performance and high physical days. On 

the basis of 229 winning days for women golfers, 143 winning days for 



men golfers, and 95 norhit games for baseball pitchers, the percentage 

of these successes that coincided with a physical high day was no 

greater than that which would be expected by chance (9). 
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Nelson (25) stated that it is impossible to predict critical days. 

The idea that we have natural internal cycles was valid; however, there 

was no evidence to indicate that they could be predicted from a birth­

date. Mackenzie (21) commented that biorhythms is a theory of apparent 

relationships between life's cycles and the physical, emotional, and 

intellectual state of humans. This theory still has not been scientif­

ically proven. 

If future research concerning these biological cycles provides 

tangible evidence of an effect on humans to perform routine tasks, the 

entire field of athletics may consider altering methods of training 

and preparing for athletic competition. Under certain circumstances 

biorhythm patterns may determine who does and who does not participate 

on a given day of competition. 

Statement of the Problem 

The purpose of this study was to determine whether the 23-day 

physical cycle and 28-day emotional cycle had a relationship to the 

success of free throw shooting for selected college and university 

male basketball players under game conditions when these factors were 

unknown to the players. 
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Significance of the Studies 

Are there underlying factors affecting human behavior and per­

formance that may remain beyond an individual's control? If this cdn­

cept is validated, it would have a definite effect on human involvement 

in various activities that would include, among others, the world of 

sports participation. If biorhythms affect performance, then a coach 

would have an edge knowing which of two players, having fairly equal 

ability, would be most apt to perform better. 

Hypothesis 

There was no significant relationship between successful free 

throw shooting and the 23-day physical phase and the 28-day emotional 

phase of the biorhythm cycles. 

Limitations 

1. No attempt was made to determine the exact time of birth of 

the selected basketball players. 

2. No attempt was made to play an individual basketball player 

on the basis of his biorhythm cycle. 

Delimitations 

1. This study was limited to selected college and university 

male basketball players from the 1977-78 basketball season. 

2. The study was limited to the 23-day physical and the 28-day 

emotional cycles. 

3. Only foul shots were used to measure physical skill. 
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4. The following institutions provided basketball statistics 

from the 1977-78 season: The University of Science and Arts of Okla­

homa, Oklahoma Christian College, Bethany Nazarene College, Southwestern 

State University, Southeastern State University, Phillips University, 

Evangel College, Ouachita Baptist University, Midwestern University, 

Bartlesville Wesleyan College, and Oklahoma Baptist University. 

Assumptions 

1. That the official score books were accurate and complete. 

2. That the birthdates of the players were correct. 

3. That the player's health did not hinder his ability on game 

nights. 

4. That the production of the biorhythm charts was correct. 

Definition of Terms 

1. Biorhythms: derived from the Greek words "bios 11 meaning 

life and "rhythmos" referring to measured motion (4). 

2. Biorhythmic chart: a visual sine-curve chart indicating the 

status of the biorhythm cycles. This chart contains the days of the 

month and enables one to show the position of the cycles on a daily 

basis. On either side of the zero line are the plus and minus phases 

with the top half being the positive and discharge phase while the 

bottom half is the minus and recharge phase (28). 

3. Zero line: This line indicates that a cycle is changing 

from one phase to another (28). 

4. Critical day: This is a 24-hour period when the person is 

in an unstable state noted by the sine-curve crossing the zero line (28). 
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5. Discharge phase: The first half of the cycle when the person 

is in a positive stage and reportedly indicating high performance (30). 

6. Recharge phase: The person is in a low phase and reportedly 

subject to poor performance (28). 

7. Phase: Some part of a rhythm or cycle (28). 

8. 23-day Physical Cycle: This cycle originates in the muscular 

cells and affects physical factors such as strength, speed, coordina­

tion, resistance to disease, and the sensation of physical well-being 

(10). 

9. 28-day Emotional Cycle: The cycle is involved with the ner­

vous system and governs mood, perceptions of the world, creativity, 

sensitivity, mental health, and to some degree, the sex of children 

conceived during different phases of the cycle (10). 



CHAPTER II 

REVIEW OF RELATED LITERATURE 

Introduction 

Are there underlying biological rhythms that affect the various 

levels of human emotions and motor performance? Do these rhythms re­

main beyond an individual's control when he was unaware of these fac­

tors? There has been extensive research completed on short-term 

rhythmic cycles, commonly referred to as "circadian rhythms" (1, 5, 

13, 15, 17, 19, 20, 22). More recently, there has been considerable 

research completed on rhythms of longer duration. The term "bio­

rhythms" has been associated with this research. Biorhythms was a term 

identified with the theory which proposed that three cyclical rhythms 

began at the moment of birth and occurred regularly throughout a per­

son's life. These rhythmic patterns included the 23-day physical cycle, 

the 28-day emotional cycle, and the 33-day intellectual cycle (14). 

The biorhythm theory proposed that three internal cycles were 

necessary to life. The cycles fluctuated in two directions. During 

the first half of the cycle, they were in a positive state. This was 

an indicator of the potentiality for a superior performance. The other 

phase of the cycle in a negative state was an indicator of a weakened 

condition that could result in the poor performance of what were 

normally routine tasks (10). 

8 
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The cycles began in neutral. They flowed to a positive state, re­

turned to neutral, and then reverted to a negative state. The signifi­

cant period of time occurred when the cycle crossed the neutral or zero 

line. This was referred to as a critical period or critical day (10). 

Research indicated that double and triple critical days magnified 

the possibilities for potential trouble. On the day that the three 

biorhythm cycles crossed the zero line simultaneously, it was believed 

that the chance for trouble was proportionately increased (10). 

History of Biorhythms 

The discovery of biorhythms was credited to two men who were ac­

tive in the scientific world. Each man was unaware of the other's con­

current research on a similar subject. Dr. Hermann Swoboda of Vienna, 

Austria, and Dr. Wilhelm Fliess, an ear, nose and throat specialist in 

Berlin, Germany, were working along similar lines. Dr. Swoboda was 

directed toward biorhythm research from studying the work of Johann 

Friedrich Herbart. Herbart's Textbook on Psychology, published between 

1850 and 1852, reported rhythmic changes in mental states, but could 

not offer an explanation why these changes occurred. Swoboda was im­

pressed with a paper by Dr. Fliess on bisexuality in men, and by the 

research of John Beard, who in 1897 was investigating the regularity 

of timing in pregnancy and birth. Swoboda became involved in research 

that ranged from psychology and creative impulses to a compilation 

of records concerning pain, tissue swelling, and tissue inflammation. 

He plotted the course of fevers and various illn~sses which included 

the frequency of heart attacks and bouts of asthma. From this research, 

Swoboda observed that all of these physical phenomena appeared to 



recur rhythmically and that cycles of 23 and 28 days provided the 

evidence to predict their recurrence (10). 

10 

From the discovery of these two rhythms, Swoboda prepared a series 

of books developing the idea of human life cycles. This provided the 

biorhythm theory with the impetus to exert a stronger influence on doc­

tors and laymen. At the same time, Swoboda developed a basic means 

for calculating one's biorhythm cycles. In 1909, he prepared a slide 

rule from which a person could calculate his critical days quickly and 

accurately. He published an instructional manual to use with this 

slide rule and named it "The Critical Days of Man" (10). 

Swoboda's most outstanding work, entitled The Year of Seven, was 

devoted to proving the biorhythm theory through a mathematical analysis 

of how the timing of births tended to be rhythmical and predictable 

from generation to generation in the same family. The Year of Seven 

included an analysis of significant life events such as illness, heart 

attacks, and deaths. Swoboda believed these life events to be related 

to the genetic pattern of the family. By studying many family his­

tories, Dr. Swoboda concluded that these events showed "a periodicity, 

a tendency to happen on critical days, that, interestingly enough, 

began with birth" (10, p. 42). 

While Dr. Swoboda was completing his work in Vienna, Fliess was 

actively involved in biorhythmic research at the University of Berlin. 

During a period of 16 years, he published four volumes to support his 

investigation of biological rhythms (10). 

The work completed by Dr. Fliess indicated that many of his pri­

mary investigations were completed with children and their variation 

in resistance to disease. He collected a copious amount of data 



specific to the onset of illness, fever, and death, and was able to 

relate them to the day of birth. Between 1895 and 1905, many of his 

works and lectures supported the concept that the high and low resis­

tance to disease lay in the 23-day and the 28-day cycles. This was 

his foundation to biorhythms (10). 

Dr. Fliess continued to do research concerning the biorhythm 

theory and ultimately turned his attention to the investigation of 

cellular development. This research led to the formulation of the 

theory that the male and female cells of the human body had definite 

and different rhythms. He related the 28-day emotional cycle to the 

female cells and menstruation, and the 23-day physical cycle to the 

male cell. From this research, Dr. Fliess indicated that men under­

went emotional cycles similar to those of female menstruation (10). 

11 

The conceptualization of the 33-day intellectual cycle was cred­

ited to an Austrian doctor, Alfred Teltcher. Dr. Teltcher maintained 

much data from scores on tests that were taken by many of his stu­

dents. He matched these test scores with student birthdates. The 

results indicated significant periods of high and low intellectual 

achievement at various times of each month. This research led to 

the formulation of the 33-day intellectual cycle (10). 

Despite the efforts by these outstanding scientists, the concept 

of long-term biological rhythms did not attract much attention through­

out Europe for a period of 40 years (30). 

By the 1960's, many European countries were accepting the credi­

bility of this theory. This was observed through the use of biorhythms 

in the areas of industry, aviation, transportation, and medicine. In 

the far east, Japan was in the forefront as a nation who readily 
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accepted the biorhythm theory. The Japanese people used the three­

cycle theory extensively in many phases of their lives. They supported 

this concept in medicine, aviation, industry, and their transportation 

system (30). 

In the 1960's, the rhythms were given new impetus in research in 

the United States. Although the medical profession completed a sparse 

amount of research in this area that had not approached duplicating 

the efforts of their scientific counterparts in Europe, some investiga­

tions were completed in industry. It appears that the aviation indus­

try reviewed the biorhythm theory with regard to the personnel who flew 

and guided their aircraft (10). 

However, even with the current interest in the biorhythm theory, 

this biological phenomenon was not readily accepted in the United 

States. This nation remained far behind those other nations of the 

world who incorporated the theory of biological cycles into their 

daily 1i ves • 

Accidents 

Thommen (30) indicated that one of the first significant studies 

on death by accident was completed in 1939. It was a study concerning 

the biorhythmic calculations of accident and death statistics based 

upon information concerning 700 accident cases. The research revealed 

that "of the 700 accidents analyzed, 322 fell on a single critical day, 

74 others on a double critical day, and five on a triple critical day" 

(p. 30). The remaining 299 accidents occurred on normal days. "A 

total of 401 of the 700 accidents, almost 60 percent, occurred on 

critical da.ys" (p. 30). This represented approximately "20 percent 



of the days in a man's life" (p. 30). The other 299 accidents fell 

on the remaining 80 days of mixed-rhythm days. 

A second study reported on by Thommen (30) was based upon 300 

death statistics collected from civil records in the city of Zurich. 

Using the calculations from the 23-day physical cycle and the 28-day 

emotional cycle, the research indicated that from these "300 deaths, 

197 of them fell on critical days and the remaining 103 occurred on 

mixed..;.rhythm days" (p. 42). Thus, "65 percent of the deaths fell on 

biorhythmic critical days" (p. 42). These critical days, considering 

only the physical and emotional cycles, occupied approximately 15 

percent of the total number of days of a person's life. 

13 

Thommen (30) commented in September of 1956, concerning a report 

on the department of sanitation in Hanover, Germany. It dealt with 

accidents suffered by shop workers, street cleaners, and truck drivers. 

These accidents "were investigated and charted" by biorhythmic mathe­

matics. The investigation of these accidents suffered by this work 

force indicated that "83 percent were related to biorhythmic critical 

days" (p. 35). 

Thommen (30) reported that the Japanese were enthusiastically in­

volved in the use of biorhythm information. A number of their indus­

trial organizations, such as Fuji Heavy Industries, Mitsubishi Heavy 

Industries, and the Japanese transportation company, Ohmi Railway, 

plotted monthly biorhythmic charts for those employees who would be in 

possible accident situations. Workers and drivers received regular 

warnings to identify their critical days in each cycle. 

Running contrary to all the supportive evidence of biorhythm in­

volvement in industrial accidents was a report from Canada. The 
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Workmen's Compensation Board of British Columbia studied the records 

of lost time for occupational accidents during the first four months 

of 1971. The research involved 13,000 cases. Their results indicated 

a direct refutation of the biorhythm theory. This information indi-

cated that accidents were no more likely to occur during the so-called 

critical days than at any other time (25). 

Thommen (30) commented on research that was conducted with bio-

rhythm cycles in the area of industrial safety. A study was completed 

utilizing information from approximately 300 accidents in four indus-

tries. This investigation revealed that nearly "70 percent of the 

accidents occurred on a critical day for the individual involved" 

(p. 36). From these studies it was concluded: 

1. There was a definite change in the individual during 
the so-called critical days. 

2. The study of the accident showed that the individual 
was unaware of this fact and could not understand why 
the accident occurred. 

3. Critical days could be identified as to physical 
capabilities, mental capacity, as well as the mood 
of the individual (p. 36). 

Mackenzie (21) stated that scientists at the Sandia Laboratories 

of Albuquerque, New Mexico, completed research on the biorhythm theory. 

Their investigations supported the possibility of a greater chance of 

accidents occurring during critical periods. The interpretation of 

this information was quite important. 

A person's age, health, character, and temperament must be 
taken into consideration in the application of biorhythms. 
Some people become excited or irritated more easily than 
others; some people are more accident-prone and cannot 
endure physical strain as well as others (p. 22). 
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O'Neil (26) commented on research involving industrial accidents. 

The investigation dealt with a study of 100 randomly selected vehicular 

accidents. When the data was collected concerning the biorhythmic pat­

terns of each person, 68 percent of the accidents occurred on what were 

considered to be critical days. Additional research was completed to 

study the relationship between biorhythm cycles and industrial piece­

work. The study viewed biorhythms as a cyclical expenditure and con­

servation of one's energy as a factor in human performance. In this 

context, critical days must be put into proper perspective. These 

days could be dealt with and adjustments could be made with biorhythm 

cycles that would be beneficial to industrial safety programs. 

Gittelson (12) worked with 50 major industrial companies on a two­

year project dealing with accidents and critical days. He stated that 

the results were frightening: "We were finding a 60 to 80 percent 

correlation between accidents and critical days" (p. 1). 

It appears that most of the information concerning the biorhythm 

theories and the susceptibility to accidents indicated a strong rela­

tionship between periods of instability and critical days and the 

potentiality of having an accident (30). 

Aviation 

Attention to the biorhythm theory has made a positive impression 

upon those persons and companies involved in the aviation industry. 

The Tactical Air Command surveyed 59 accidents resulting from pilot 

error. In 12 instances, the pilots were in a critical period, and 40 

other pilots were low in at least two other cycles (30). 

In 1973, the United Airlines San Francisco office of industrial 
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engineering, working with O'Neil (26), began a program to study the 

biorhythm theory. All of the United organizations received information 

about this biological phenomenon. The critical days of all the employ­

ees involved in the study were identified. Some departments partici­

pated for three years; other departments became involved for longer 

periods of time. Many departments who used the program during that 

period of 1974, showed a reduction in the number of injuries and acci­

dents. 

O'Neil 1 s (26) research appeared to indicate that pilots as a group 

were less susceptible to the influence of the biorhythm cycles. A 

United spokesman indicated that perhaps "this was due to the intensive 

screening and training the pilots endured which made thern more capable 

of overcoming critical days" (p. 60). 

Thommen (30) stated that research specific to airline disasters 

occurring in the United States since 1970 indicated that, in each 

instance, the pilot was in a critical low in one of the biorhythm 

cycles and was approaching the same state in one of his other cycles. 

Testimonials to the Fliess 23-day physical cycle theory and its 

potential relationship to aviation was presented in the Washington 

Post. The Post newspaper reported that a number of airlines were in­

vestigating the credibility of the 23-day theory. United Airlines was 

keeping a check on 28,000 of their employees. Allegheny, Trans World, 

and Continental Airlines had investigated and were exploring the credi­

bility of the biorhythm theories (32). 

A similar report supporting the biorhythm theories was also pre­

sented in the Washington Post. The report stated that some of the Japa­

nese airline pilots were not permitted to fly on their critical days (33). 
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Further evidence to support the biorhythm theory was provided by 

the results of the varying degrees of success with different space 

flights. The one-orbit flight on July 21, 1961, by Gus Grissom, nearly 

ended in tragedy when the space capsule sank. Grissom was approaching 

the critical point in his emotional cycle and his physical and intel­

lectual cycles were in a period of decline (30). John H. Glenn fared 

better on his three-orbit flight on February 20, 1962. His biorhythm 

chart at that time indicated a low in his physical and emotional cycles 

and an intellectual high (30). Glenn had a successful flight. 

Contrast the Glenn experience with the flight of Scott Carpenter 

on May 24, 1962, when he overshot the landing target by 250 miles. nis 

biorhythm chart indicated a critical point in the emotional cycle, a 

low point in the physical cycle, and a high point in the intellectual 

cycle (30). Walter M. Schirra, on October 3, 1962, completed a near 

perfect six-orbit flight. His biorhythm patterns that day were high 

in both the physical and emotional cycles and low in the intellectual 

cycle (30). 

Finally, Thommen (30) stated that the application of the biorhythm 

theory using physiological cycles to. determine the degree of physical 

fitness and mental alertness, while interesting still has not been 

widely accepted in the United States compared to those countries in 

Europe and in Japan. 

Medicine 

The field of medicine and medical research has proven to be a 

fertile area for the consideration and use of the biorhythm charts. 

To date, medical research in the United States concerning biorhythms 



has not reached the same level of effort as compared to the work that 

has been completed in many other nations. Thommen stated: 

Testimonies from doctors in Switzerland and Germany reported 
the favorable use of biorhythmic mathematics in cases of 
elective surgery. The success rate with approximately 10,000 
operations exhibited no failures or complications. This was 
attributed to the correct timing with the patients' bio­
rhythmic charts. In those cases when the biorhythic cycles 
were not followed, complications arose in 30 to 60 percent 
of the cases (30, p. 79-80). 

A pilot study in a New York hospital covered 28 operations. Fol-

lowing the surgeries, a biorhythm analysis was completed on each pa-

tient. Results from these analyses indicated that nine surgeries were 

performed on patients who were in a critical period. Three of these 

patients died following surgery. The surgical death rate in most 

U. S. hospitals has normally been 1 in 6,000 (2). 

A medical study was completed by Bates and Heit (2) to determine 

if a relationship existed between biorhythm theory and significant oc-

currences in the daily activities of 20 male and female college stu-

dents who were employed or involved in health studies. The subjects 

were requested to record significant occurrences for one month. Fol-

lowing this period of time, biological charts were prepared, and the 

results were plotted against their biorhythmic critical days. The 

results of this project were to reject the original hypothesis that 

significant occurrences would take place a minimum of 50 percent of 

the time on critical days. There were some significant occurrences; 

however, not to the projected 50 percent. The study recommended that 

the knowledge of biorhythmic patterns in terms of understanding a bio-

logical condition through a projected period of time could provide for 

"sensible planning of activities based upon more accurate assessments 

of body capabilities" (p. 38). 

18 
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Dale (8) indicated that research was being completed with hormonal 

cycles. These studies indicated that the flow of hormones took place 

in a regular manner. This was substantiated through evidence of the 

production of insulin by the pancreas. During the study, researchers 

observed seasonal changes in the ability of certain cells to store 

essential biochemical ingredients. 

Moss (23) did research on the menstrual cycle, and stated that 

this normal cyclical phenomenon was a classic example of extended 

human rhythms. While studying moods .and symptoms specific to the 

menstrual cycle, he determined that personality traits varied rhyth­

mically. The 15 women being observed were consistent from one period 

to the next in displaying symptoms of anxiety, depression and agres-

siveness. 

There has been some evidence of research with biorhythm cycles 

concerning mental health and mental illness. Dale (8) indicated that 

timing and rhythmicity affected mental health in a number of ways. In­

cluded within this was periodic illness, stress, interruption in rhyth­

micity, insomnia, sleep rhythms, and the long-term disruptions caused 

by the continued use of medication. Initial reports indicated that 

drug-induced normalcy for problems such as hypertension, psychosis, 

manic depression, and catatonia brought with it certain hazards. One 

of these hazards was that no cure was effected. When the drugs were 

stopped, the symptoms returned even though the treatment was continued 

through the greater portion of the patient's life. Researchers con­

cluded that such normalizing treatment could alter a person's cumula­

tive rhythmic cycles. 

Thommen (30) stated that periods of instability could last for two 



20 

to three days during the transition from the high to low point in the 

various cycles. This transitional time he described as a period of 

"critical" days. This was the time when the research concerning these 

theories cited that a person would be subject to greater periods of 

instability. 

Thommen (30) theorized that a relationship could exist between a 

period of mental imbalance and biorhythms specific to a person commit­

ting an act of violence or an act that was unusual to his normal ac­

tions. Examples of this included Lee Harvey Oswald, who was in a 

severe emotional high when he assassinated John F. Kennedy. This act 

was immediately followed by Jack Ruby shooting and killing Oswald. 

Ruby was in a critical period in his physical and emotional cycles. 

Sirhan B. Sirhan was in a critical state in each cycle during the 

assassination of Robert Kennedy. On two occasions Marilyn Monroe 

attempted suicide. On the second attempt, during a critical physical 

cycle, Miss Monroe succeeded in taking her life. Finally, Judy Garland 

committed suicide during a physical and emotional low. 

Athletics 

Athletics seems to be a fertile area within which to investigate 

the relationship between biorhythmic patterns and the possibility of 

predicting human performance. 

A victory or defeat may not provide a clearcut analysis specific 

to performance. Outside circumstances must be considered. Occasionally 

the biorhythmic condition acts as a subtle influence upon some people; 

at other times it is a decisive factor based upon other conditions (24). 

There has been some alarm concerning the number of peo.ple who claimed 
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that they were able to accurately predict motor performance based upon 

the 23-day physical cycle. Interviewed on the "Today" show, Wallerstein 

and Roberts (31) presented their research and predictions in evaluating 

a group of athletic performances of teams in the 1973 Super Bowl. They 

concluded that accurate predictions of the game demonstrated that group 

athletic performances and proficiencies were chartable to a working 

degree. 

Thommen (30) stated that research concerning athletics and record 

performances indicated that when an athlete was high in the physical 

cycle, his ability to perform was in a favorable state. An example of 

this was the performance by Mark Spitz in the 1972 Olympics. Spitz 

exhibited a high physical and emotional rhythm during a week when he 

won seven gold medals. Pole-vaulter John Uelses set a world record in 

1962, with a 16-foot vault, and at that time Uelses was in a physical 

and emotional high. 

Baseball results were reported by Gittelson (11) concerning no-hit 

pitched games by such pitchers as Sandy Koufax, Bob Lemon, Don Larson, 

and many others. The records indicated that 9 of 11 no-hit games were 

pitched on days when the biorhythm physical cycle of the pitcher in­

volved was in a favorable state. These results were compared to the 

sterling performance by Bob Gibson of the St. Louis Cardinals during 

one game of the 1968 World Series. He struck out a record 17 batters. 

His biorhythm cycles that day were all favorable. Gibson was experi­

encing a triple high. 

There have been unlimited instances citing outstanding basketball 

feats and favorable biorhythmic conditions of the athletes involved. 

On November 17, 1960, Wilt Chamberlain of the Philadelphia 76ers pulled 
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down a record 55 rebounds. On that day, Chamberlain was experiencing 

a physical and emotional high (11). On March 12, 1961, Chamberlain 

once again rewrote a National Basketball Association record by scoring 

100 points. This feat was accomplished with Chamberlain's biorhythmic 

patterns displaying a physical cycle moving from a neutral position to 

a high and an emotional cycle moving from a fair toward a critical 

state (26). 

On October 30, 1976, Earl Monroe of the New York Knicks and Pete 

Maravich of the New Orleans Jazz completed a spectacular basketball 

performance in Madison Square Garden. Both players were experiencing 

similar biorhythmic cycles. Maravich was in an intellectual and emo­

tional low, but was within 24 hours of a physical high. Monroe was 

experiencing a high in the physical cycle and a low in the emotional 

cycle. Each player produced a superior performance of offensive 

basketball on that date (11). 

At the Wimbledon tennis championships in 1974, Ken Rosewell was 

extended in play during a semi-final match. His opponent in the finals 

the next day was Jimmy Connors. Rosewell went into the final match 

suffering from a double critical low in his physical and emotional 

cycles. From a biorhythmic perspective, Rosewell had a very poor 

chance for success in this match. He lost the match (16). 

Contrary to all of the information that has been presented, con­

sider the fact that Jesse Owens in the 1936 Olympics set a world record 

for the 100 meters on a critical day. One day later, during a bio­

rhythmic low, the records indicated that Owens set an Olympic mark for 

the long jump and won the 200-meter dash. Russian gymnast Olga Korbut 

competing in the 1972 Olympics, completed a magnificent gymnastic 
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performance. She won gold medals despite the fact that her biorhythm 

charts revealed a physical and emotional low during her days of compe­

tition. The Muhammad Ali and George Foreman title fight in Zaire in 

October of 1974 provided interesting information concerning the bio­

rhythmic status of each fighter. Foreman was on a high in each cycle, 

while Ali projected a low physical biorhythmic cycle. On the basis of 

their biorhythm charts, Foreman should have won the fight; however, 

Ali won by a knockout in the eighth round (26). 

Krause (16) commented that the coach of the Swiss championship 

soccer team for the FC Basel, used the biorhythm theory on himself for 

a period of two years before he considered applying this concept with 

his soccer players. Based upon the biorhythm profiles computed prior 

to competition, certain levels of expected performance were antici­

pated. It became obvious there existed a distinct tendency between the 

degree of performance of individual players and their biorhythmic pro­

files. The information stated that it was not in the best interest to 

severely train a player whose biorhythms indicated a low or critical 

day. The so-called "hard conditioning training," which was energy con­

suming, should be utilized at a time when a player was in a biorhythm 

high. At that time, the organism had a great deal of energy and was 

able to use it without danger of exhaustion. The FC Basel coach, rather 

than over-emphasizing biorhythms, was convinced that with the knowledge 

and understanding of these theories, a conscientious coach has the 

means to improve player performance. 

In sports such as golf, chess, and other individual activities 

where extreme mental concentration was required, the outcome of an 

event appeared to be predictable with amazing certainty provided the 
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opponents were of equal skill. In support of this concept of the bio­

rhythm theory was the Fischer/Spasky World Championship chess match. 

During the course of the match, Fischer was experiencing favorable 

biorhythm cycles during many of the days of scheduled competition and 

low cycles during the days when no competition was to take place. 

Fischer won the chess match rather convincingly (16). 

Finally, Willis (34) commented about the relationship of biorhythms 

and human errors in October of 1972, at the 17th annual meeting of the 

Human Factors Society. He stated that during positive phases of the 

biorhythm cycles, hard conditioning and training programs were accept­

able. Conversely, during low phases of these cycles more rest and no 

exertion would be better for the athlete. 

Willis (34) conducted a survey at Missouri Southern State College. 

A quarterback rated each player daily on effort, execution of task, 

mistakes, attitude, endurance, and self control. The research on these 

performances indicated, by critical days, that the categories gave 

approximately a 60 percent prediction of performance. Willis further 

stated that an awareness of the athlete's 23-day cycle would provide 

the coach with the information as to when he could anticipate a peak 

performance. It would also permit a coach to select players who were 

in a state more likely to produce a successful performance. The aware­

ness of the biorhythm curves of the opposition would also enable a 

coach to gear the play of his team accordingly. 

Biorhythm Calculations 

It is not too difficult to calculate one's biorhythm cycles. The 

easiest procedure to follow would be to program it on a computer. 
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Recently a number of successful businesses have been selling various 

types of hand calculators that could be used to plot a biorhythm chart. 

A more tedious method would be to complete the calculations by hand. 

In order to do this, a number of steps must be followed. They are: 

1. Compute the total number of days lived since the day of 
birth up to the date that is to be included in the cal­
culations. 

2. After the number of days are totaled, divide this composite 
number separately by the numbers 23, 28, and 33, respective 
of each cycle. 

3. The division in step #2 determines how many times each cycle 
has occurred in a person's life. The days that remain from 
each cycle following the division indicates the position of 
each rhythm on the first day of the calendar month to be 
charted (30, p. 74). 

Future of Biorhythms 

According to Gittelson (11), biorhythms may be associated with 

many subjects ranging from medicine, safety, and aviation, to athletics. 

There could be an important future for these theories as they relate 

to man. Some unanswered questions are why do the biological rhythms 

exist and what constitutes their physical basis? How do they interact 

with other life cycles? Why do individuals vary in susceptibility to 

biological cycles? Why are some persons strongly influenced by these 

rhythms and others are not? How are rhythms influenced, weakened, 

strengthened, or altered by the environment or different stages of 

life or circumstances? How can man be taught to adapt and use biolo-

gical cycles? 

The questions are broad in scope and are difficult to answer. It 

will require a great deal of detailed investigation to generate some 

answers (11). 
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The interpretation of the biorhythm curves presents a problem 

that is worthy of research and study. While the nature and consequence 

of critical days are known, as well as the ability to interpret triple 

highs and lows with reasonable accuracy, mixed rhythm days remain less 

clear. Gittelson (11) commented that the direction of the curves may 

be important as well as whether the rhythm is above or below the neutral 

line. Opposing rhythms have recently been researched. It has been 

maintained that days of "opposing crossings" can be classified similarly 

to critical days involving rhythmic instability or confusion. If a 

rising physical rhythm crosses an emotional rhythm that is declining, 

an individual may experience conflict and confusion. 

Summary 

Current research presents conflicting information regarding the 

influence exerted by the three biorhythm cycles. Do these cycles de­

pend upon secondary factors such as age, level of education, person­

ality, and health conditions? O'Neil (26, p. 3) stated that "a criti­

cal day does not appear to affect everyone in a similar manner." 

Reams (28) concluded that human performance was not affected by 

the biorhythm cycles in his research that involved human performance 

activities such as muscular endurance, coordination reaction time, and 

fine precision tasks (hand steadiness), among others. 

Sachs (29) completed a study with female varsity softball players 

at Florida State University. He measured softball playing performance 

in hitting, fielding, and overall attitude and play. His conclusions 

indicated that there were no consistent relationships among the three 

biorhythm cycles and softball playing performance. 



27 

Cawiezel (6) indicated that there were no relationships between 

dart throwing and the physical biorhythm cycle with selected groups of 

men and women in physical education classes at Chadron State College, 

Nebraska. 

Thommen (30) commented that the 23-day physical cycle affected 

man's physical strength, endurance, energy, resistance to disease, and 

physical confidence. The first half of the cycle was the rising or 

discharge period. During this period of time a person may exhibit a 

vital and vigorous state of being. Athletes usually performed best at 

this time. The second half of the 23-day cycle was the recharge 

period. During that period of time a person might tire more quickly. 

Athletes might not perform well at this time since it was presumed 

that they would have less reserve power, energy, and endurance. Medi­

cal researchers considered the recharge period as necessary for recu­

peration since a person would more likely accept that period as a time 

of rest. 

Thommen (30) believed that the 28-day cycle governed the nervous 

system. The initial 14 days represented the positive or discharge 

period. At that time a person was inclined to optimism and cheerful­

ness. During the second half of the cycle, in a period of recharge, 

the person might display higher levels of irritability and negativism. 

The 33-day cycle, according to Thommen (30), originated in the 

brain cells and this phenomenon was related to a secretion from the 

thyroid gland. During the first half of the cycle the person should 

think more clearly, the memory function better, and the individual's 

mental response should be more spontaneous. This period of time was 

best for absorbing new subjects and for creative thinking. The second 
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half of the cycle indicated that the person's intellectual capabilities 

were less responsive. 

Each cycle indicated high and low periods. It was the movement in 

either direction through the neutral line when a critical day occurred. 

These critical days were normally 24 hours in duration. It was hypo­

thesized that a person was susceptible to difficult times during this 

period (30). 

According to Thommen (30), the exact time of birth was quite im­

portant specific to the accuracy of establishing a biorhythm chart. As 

an example, a baby born just after midnight of the next given day would 

display a different cyclic pattern than another baby born the same day 

but 23 hours later as the time was rapidly moving toward the next day. 

Other research indicated that biological rhythms were regular and 

recurring in living organisms. This was more of a description than an 

explanation. There were various interpretations and most of them were 

conflicting. The theories were divided into two areas. One area indi­

cated that the cycles were activated by external forces. The research 

that accepted this belief indicated that external cosmic forces con­

trolled biological rhythms. Other research supported the idea of tidal 

influences and the effect of electro-magnetic forces. Finally, there 

was the suggestion that sunspot activity was the activator (8). 

Research that supported the internal theory suggested that the 

heredity phenomenon was regulated by a "chronon, a type of molecular 

timepiece that was directly incorporated in the DNA molecule" (8, p. 

168). Another investigation indicaterl that "biological rhythms were 

acquired or adaptive behavior which was learned in response to lunar 

phases and changing seasons" (8, p. 168). 
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The mystery has remained. Do biorhythm patterns have a cyclical 

effect on the human body? Perhaps more time and investigation perti­

nent to this natural phenomenon would provide a concrete and final 

answer. 



CHAPTER III 

:M:ETHODS AND PROCEDURE 

Subjects 

The subjects involved in this study were male basketball players 

from selected colleges and universities. The schools providing informa­

tion were the University of Science and Arts of Oklahoma, Bethany 

Nazarene College, Phillips University, Oklahoma Christian College, 

Southwestern State University, Southeastern State University, Bartles­

ville Wesleyan College, Oklahoma Baptist University, Evangel College, 

Midwestern University, and Ouachita Baptist University. 

Procedure 

A letter shown in Appendix A introducing the study was sent to the 

basketball coach of each institution. The purpose of the study was ex­

plained in the letter and each coach who was willing to cooperate was 

requested to provide the following information: a roster of all 

players, their respective birthdates, a copy of the 1977-78 basketball 

schedule and a copy of all statistics for each game played during the 

1977-78 basketball season from the official scorebook. A sample bio­

rhythm chart for each subject is shown in Appendix B. 

The information concerning each player, his birthda te and his foul 

shooting statistics for each game played during the 1977-78 intercolle­

giate basketball season, were subjected to a statistical review. The 
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following statistics were used to determine the effects of biorhythm 

performances: 

For each subject the following was calculated: 

total free throws made 
p = total free throws attempted 

31 

The games each player participated in were divided into nine cate-

gories according to his biorhythm chart: 

1. Physical-up/Emotional-up; 

2. Physical-up/Emotional down; 

3. Physical-down/Emotional-up; 

4. Physical-down/Emotional-down; 

5. Physical-critical/Emotional-up; 

6. Physical-up/Emotional-critical; 

7. Physical-down/Emotional-critical; 

8. Physical-critical/Emotional-down; 

9. Physical-critical/Emotional-critical. 

For each player the following binomial calculations were completed: 

The number of free throws attempted during the category is n and 

the number of free throws made is y. 

An example of this is the following: Player #1 for whom p = .5 

attempted ten free throws, at the time the physical state was high and 

the emotional state was high, and made six of them. The entry under 

column 1, row 1, would be: 



p(6) = 10 
6 

10! 
6!4!(.015625) (.0625) 

(210) (.015625) (.0625) = .205078 

This is the probability of Player lfl, making six out of ten free 

throws. 

The table of probabilities was displayed in this manner: 

Categories 

1 2 3 4 5 6 7 8 9 

Player #1 .205 

2 

3 

4 

91 

An anlysis of variance was used to test whether or not there was 

a significant difference in performance. If the F was significant 

then t-tests were performed to find where the differences existed. 
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CHAPTER IV 

RESULTS 

The purpose of this study was to determine if a relationship 

existed between free throw accuracy and the 23-day physical and the 

28-day emotional biorhythmic cycles. Information was compiled on a 

total of 91 subjects. These individuals were varsity basketball 

players from selected colleges and universities. 

The information to complete this study was obtained through let­

ters sent to the basketball coaches of the selected institutions. In 

each instance where information was provided, a five-month biorhythmic 

chart was prepared on each subject. Foul shooting results from each 

game played were matched with the corresponding date from each subject's 

biorhythm chart. This information was treated through the use of a 

binomial statistical formula and the results of the study are presented 

within this chapter. 

From the records of free throws made and free throws attempts by 

the 91 subjects, the performance during each of the nine categories was 

recorded as shown in Table V (Appendix C), Number of Free Throws Made 

During Each Phase of the Biorhythmic Cycle. If the subject did not 

attempt a free throw during a biorhythmic cycle, then the subject was 

not used in calculating the descriptive statistics, The binomial 

probability formula 

P(y) ·(;) PY (1-p)n-y 

33 
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was used to calculate the probability for the number of free throws 

made, X out of N attempts; given that the subject made p% for the sea-

son and missed q%. A history of the probabilities is in Table VI, Prob-

abilities for Free Throws Made During Each Phase of the Biorhythmic 

Cycle. (Tables V and VI shown in Appendix C.) A summation of the des-

criptive statistics in each category is shown in Table I. 

Analysis of Variance 

Initially an analysis of variance was utilized to determine if any 

variations occurred between the various categories which were: 

Category I Physical-up I Emotional-up 

Category II Physical-up I Emotional-down 

Category III Physical-down I Emotional-up 

Category IV Physical-down I Emotional-down 

Category v Physical-critical I Emotional-up 

Category VI Physical-up I Emotional-critical 

Category VII Physical~down I Emotional-critical 

Category VIII Physical-critical I Emotional-down 

Category IX Physical-critical I Emotional-critical 

The possibility of two hypotheses existed. The null hypothesis 

indicated that all means in the nine categories were equal. The alter-

nate hypothesis indicated there were at least two means which differed. 

H: lll= ll2 
0 

H1: There are at least two means such .that ll 

lls 

I ll 
) 

Since the numbers of scores differed among the categories, the 

total variation between groups was calculated as: 



TABLE I 

SUMMATION OF DESCRIPTIVE STATISTICS FOR EACH CATEGORY 

Descriptive Statistics I II III IV v VI 

5 

Total free throws made 821 826 1054 1033 233 112 

Total free throws attempted 1197 1217 1525 1500 316 155 

Mean of Probabilities .227 . 211 .204 .183 .288 .293 

Number of students in sample 90 87 91 88 49 29 

VII VIII 

139 137 

202 193 

.292 . 372 

35 42 

IX 

29 

44 

.306 

12 

w 
l.n 



SS between 

8 

The total variation within groups was calculated as: 

J.:9 
SS within l =1 

N - 8 
'T 

n. 

Total scores: Nt - 523 

D~grees of freedom between = 8 

Degrees of freedom within - Nt - 9 514 

MS between = SS between I 8 

MS within = SS within I 514 

F 
MS between 
MS within 

The critical value of F at the .05 level of confidence was 

~05 (8.514) 1.94 

and the F at the .01 level of confidence was 

F. 01 (8.514) = 2.51. 

The information for the analysis of variance is presented in 

Table II which represents Results of Analysis of Variance, and Table 

III which represents Summary of Analysis of Variance. 
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TABLE II 

RESULTS OF ANALYSIS OF VARIANCE 

Source ss DF MS F 

Between 1. 5 703 8 .1963 12.5614 

Within 8.0317 514 .0156 

Based upon these calculations, since F = 12.5614 was greater than 

2.51, the null hypothesis was rejected indicating that a significant 

difference did exist in the various categories. Therefore, t-tests 

were performed on each pair of categories to determine where the dif-

ferences existed. 

t-Tests 

A t-test was performed on each pair of categories. Since the 

number of scores differed in the categories, the t values were clacu-

lated by: 

tm + m -z = 
1 2 c (n 1-l)Sf + (n 2-l)S~ 

n1 + n2- 2 



TABLE III 

SUMMARY OF ANALYSIS OF VARIANCE 

I II III IV v VI 

L:X 20.439 18.353 18.351 16.099 14.095 8.496 

( IX) 2 417.76 336.82 343.38 259.16 198.68 72.19 

N 90 87 91 88 49 29 

D. F. 89 86 90 87 48 28 

( L: X) 2/N 4.642 3.871 3. 773 2.945 4.055 2.489 

L:X2 5.887 4.991 5.311 3.768 4.784 3.327 

VII VIII 

10.223 15.637 

104.50 244.52 

35 42 

34 41 

2.986 5.822 

3. 716 6.613 

IX 

3.671 

13.48 

12 

11 

1.123 

1.340 

Total 

125.54 

1990.4-9 

523 

514 

39.74 

w 
00 



The results of all of the t-tests are as follows: 

Physical-up/Emotional-up vs. Physical-up/ 

Emotional-down 

Results, 

H1 = 1Jl=IJ.l2 

D. F. = 175 

Critical values 

Mean of Physical-up and Emotional-up 

Mean of Physical-up and Emotional-down 

Variance of Physical-up and Emotional-up 

t .01 

t .05 

Variance of Physical-up and Emotional-down 

+ =-

+ = -

Number of Players in Physical-up and Emotional-up 

2.58 

1.96 

Number of Players in Physical-up and Emotional-down 

t = • 75 71 

39 

= • 2271 

.2109 

.0138 

.0266 

= 90 

= 87 

Since t < 1.96, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-up/Emotional-up vs. Physical-down/ 

Emotional-up 

Hl = J.ldJ.ls 

D. F. = 179 



Results. 

Critical values t.Ol 

t.os 

Mean of Physical-up and Emotional-up 

Mean of Physical-up and Emotional-up 

Variance of Physical-up and Emotional-up 

Variance of Physical-down and Emotional-up 

+ 

+ 

Number of Players in Physical-up and Emotional-up 

2.58 

1.96 

Number of Players in Physical-down and Emotional-up 

t = .9403 

40 

.2271 

.2036 

.0138 

.0424 

90 

= 91 

Since t < 1.96, the null hypothesis was accepted which stated there 

was no difference in the means of these two categories. 

Physical-up/Emotional-up vs. Physical-down/ 

Emotional-down 

Results. 

H1 = J.ldJ.l4 

D. F. = 176 

Critical values t.Ol 

t.os 

Mean of Physical-up and Emotional-up 

Mean of Physical-down and Emotional-down 

Variance of Physical-up and Emotional~up 

Variance of Physical-down and Emotional-down 

= + 2.58 

+ 1.96 

. 2271 

= .1829 

= .0138 

= .0531 
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Number of Players in Physical-up and Emotional-up = 90 

Number of Players in Physical-down and Emotional-down = 88 

t = 1.615 3 

Since t < 1.96, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-up/Emotional-up vs. Physical-

critical/Emotional-up 

H J11 =1-1 5 
0 

H1 = 1-ldJ.ls 

D. F. = 137 

Critical values t. 01 = + 2.58 

t. 05 = + 1.96 

Results, 

Mean of Physical-up and Emotional-up 

Mean of Physical-critical and Emotional-up 

Variance of Physical-up and Emotional-up 

Variance of Physical-critical and Emotional-up 

Number of Players in Physical-up and Emotional-up 

Number of Players in Physical-critical and Emotional-up 

t = -1.6138 

.2271 

= • 2876 

.0138 

.1019 

90 

49 

Since t < 1.96, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 



Physical-up/Emotional-up vs. Physical-up/ 

Emotional-critical 

Results. 

H1 Jl I'fJ16 

D. F. = 117 

Critical values t.01 = + 2.58 

t .05 + 1.96 

Mean of Physical-up and Emotional-up 

Mean of Physical-up and Emotional-critical 

Variance of Physical-up and Emotional-up 

Variance of Physical-up and Emotional-critical 

Number of Players in Physical-up and Emotional-up 

Number of Players in Physical-up and Emotional-critical 

t = -1.3065 

42 

. 2271 

.2929 

.0138 

.1891 

90 

29 

Since t < 1.96, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-up/Emotional-up vs. Physical-down/ 

Emotional-critical 

H1 = Jl dll7 

D. F. = 123 

Critical values t.01 = + 2.63 

t .05 = + 1. 98 
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Results, 

Mean of Physical-up and Emotional-up . 2271 

Mean of Physical-down and Emotional-critical = • 29 20 

Variance of Physical-up and Emotional-up .0138 

Variance of Physical-down and Emotional-critical .1693 

Number of Players in Physical-up and Emotional-up = 90 

Number of Players in Physical-down and Emotional-critical = 35 

t = -1.3686 

Since t < 1. 98, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-up/Emotional-up vs. Physical-critical/ 

Emotional-down 

Results, 

H1 Jl(fllg 

D. F. = 130 

Critical values t. 01 

Mean of Physical-up and Emotional-up 

Mean of Physical-critical and Emotional-down 

Variance of Physical-up and Emotional-up 

+ 2.6 

+ 1.98 

Variance of Physical-critical and Emotional-down 

Number of Players in Physical-up and Emotional-up 

Number of Players in Physical-critical and Emotional-down 

t = -3.2737 

= • 2271 

.3723 

.0138 

.1486 

90 

42 
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There was a significant difference in category I and category VIII at 

the .01 level of confidence. Since -3.2737 <-2.6, there was a signi­

ficant difference in these means. Therefore, the null hypothesis was 

rejected. 

Physical-up/Emotional-up vs. Physical-critical/ 

Emotional-critical 

Ho = 111=119 

H1 11}'f119 

D. F. = 100 

Critical values t. 01 = ± 2.62 

t .05 = + 1. 98 

Mean of Physical-up and Emotional-up 

Mean of Physical-critical and Emotional-critical 

Variance of Physical-up and Emotional-up 

Variance of Physical-critical and Emotional-critical 

Number of Players in Physical-up and Emotional-up 

Number of Players in Physical-critical and Emotional­

critical 

t = -.9690 

= • 2271 

= .3059 

.0138 

.5248 

=· 90 

12 

Since t < 1.98, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 



Physical-up/Emotional-down vs. Physical-

down/Emotional-up 

Results. 

H1 = l-121ll3 

D. F. = 176 

Critical values t. 01 

Mean of Physical-up and Emotional-down 

Mean of Physical-down and Emotional-up 

Variance of Physical-up and Emotional-down 

Variance of Physical-down and Emotional-up 

+ 2.6 

+ 1.97 

Number of Players in Physical-up and Emotional-down 

Number of Players in Physical-down and Emotional-up 

t = .2618 

45 

= • 2109 

• 2036 

.0266 

= .0424 

87 

91 

Since t < 1. 97, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-up/Emotional-down vs. Physical-down/ 

Emotional-down 

H1 = ll2~ll4 

D. F. = 173 

Critical values t. 01 = + 2.6 . 

t .05 + 1.97 



Results. 

Mean of Physical-up and Emotional-down 

Mean of Physical-down and Emotional-down 

Variance of Physical-up and Emotional-down 

Variance of Physical-down and Emotiortal-down 

Number of Players in Physical-up and Emotional-down 

Number of Players in Physical-down and Emotional-down 

t = .9262 

46 

.2109 

.1829 

= .0266 

.0531 

87 

= 88 

Since t < 1.97, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-up/Emotional-down vs. Physical­

critical/Emotional-up 

Results. 

Ho Jlz=Jls 

H1 Jlz1=l1s 

D. F. = 134 

Critical values t.Ol 

t.os 

Mean of Physical-up and Emotional-down 

Mean of Physical-critical and Emotional-up 

Variance of Physical-up and Emotional-down 

Variance of Physical-critical and Emotional-up 

+ 2.62 

+ 1.98 

Number of Players in Physical-up and Emotional-up 

Number of Players in Physical-critical and Emotional-up 

t = -1.8543 

= .2109 

= • 2876 

.0266 

.1019 

= 87 

49 
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Since t < 1.98, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-up/Emotional-down vs. Physical-up/ 

Emotional-critical 

Ho f12=f16 

H1 f.l2:fll6 

D. F. = 114 

Critical values t.Ol = + 2.62 

t .05 + 1.98 

Results. 

Mean of Physical-up and Emotional-down • 2109 

Mean of Physical-up and Emotional-critical = . 2929 

Variance of Physical-up and Emotional-down .0266 

Variance of Physical-up and Emotional-critical .1891 

Number of Players in Physical-up and Emotional-down = 87 

Number of Players in Physical-up and Emotional-critical 29 

t = -1.4825 

Since t < 1. 98, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-up/Emotional-down vs. Physical-down/ 

Emotional-critical 

Hl ll2:fJl7 

D. F. = 120 



Results. 

Critical values t.Ol = + 2.62 

t .05 + 1.98 

Mean of Physical-up and Emotional-down 

Mean of Physical-down and Emotional-critical 

Variance of Physical-up and Emotional-down 

Variance of Physical-down and Emotional-critical 

Number of Players in Physical-up and Emotional-down 

Number of Players in Physical-down and Emotional-critical 

t = -1.5645 

48 

. 2109 

• 2920 

= .0266 

= .1693 

87 

= 35 

Since t < 1.98, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-up/Emotional-down vs. Physical-critical/ 

Emotional-down 

H1 1-121'11 8 

D. F. = 127 

Critical values t.Ol + 2.62 

t = + 1. 98 
.OS 

Results. 

Mean of Physical-up and Emotional-down 

Mean of Physical-critical and Emotional-down 

Variance of Physical-up and Emotional-down 

Variance of Physical-critical and Emotional-down 

.2109 

.3723 

.0266 

.1486 
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Number of Players in Physical-up and Emotional-down 87 

Number of Players in Physical-critical and Emotional-down 42 

t = -3.3409 

There was a significant difference in category II and category VIII at 

the .01 level of confidence. Since -3.3409< -2.62, there was a signi-

ficant difference in these means. Therefore, the null hypothesis was 

rejected. 

Physical-up/Emotional-down vs. Physical-critical/ 

Emotional-critical 

Results. 

H fl2=flg 
0 

H1 f12:fflg 

D. F. = 97 

Critical values t.Ol 

t.o5 

Mean of Physical-up and Emotional-down 

+ 2.62 

+ 1.98 

Mean of Physical-critical and Emotional-critical 

Variance of Physical-up and Emotional-down 

Variance of Physical-critical and Emotional-critical 

Number of Players in Physical-up and Emotional-down 

Number of Players in Physical-critical and Emotional-

critical 

t = -1.0691 

= • 2109 

.3059 

.0266 

.5248 

87 

12 

Since t < 1. 98, the null hypothesis was accapted which stated there was 

no difference in the means of these two categories. 



Physical-down/Emotional-up vs. Physical~dow~ 

Emotional-down 

Results. 

H1 = ~3'fJ14 

D. F. = 177 

Critical values t. 01 

Mean of Physical-down and Emotional-up 

Mean of Physical-down and Emotional-down 

Variance of Physical-down and Emotional-up 

Variance of Physical-down and Emotional-down 

+ 2.62 

+ 1. 97 

Number of Players in Physical-down and Emotional-up 

Number of Players in Physical-down and Emotional-down 

t = .6337 

50 

.2036 

= .1829 

.0424 

== .0531 

91 

== 88 

Since t < 1.97, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-down/Emotional-up vs. Physical-

critical/Emotional-up 

Ho Jl3=Jls 

Hl == Jl3:fJls 

D. F. = 138 

Critical values t.Ol = + 2.62 

t .05 + 1. 98 



Results. 

Mean of Physical-down and Emotional-up 

Mean of Physical-critical and Emotional-up 

Variance of Physical-down and Emotional-up 

Variance of Physical-critical and Emotional-up 

Number of Players in Physical-down and Emotional-up 

Number of Players in Physical-critical and Emotional-up 

t = -1.8876 

.51 

.2036 

= .2876 

.0424 

.1019 

= 91 
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Since t < 1.98, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-down/Emotional-up vs. Physical-up/ 

Emotional-critical 

Results. 

H = J.l3=l-l6 
0 

Hl = J.l3f]J6 

D. F. = 118 

Critical values t. 01 

t.os 

Mean of Physical-down and Emotional-up 

Mean of Physical-up and Emotional-critical 

Variance of Physical-down and Emotional-up 

Variance of Physical-up and Emotional-critical 

+ 2.62 

+ 1.98 

Number of Players in Physical-down and Emotional-up 

Number of Players in Physical-up and Emotional-critical 

t = -1.5077 

= .2036 

= . 2929 

= .0424 

.1891 

= 91 

29 
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Since t < 1. 98, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-down/Emotional-up vs. Physical-down/ 

Emotional-critical 

Hl J.l3fJ..17 

D. F. = 124 

Critical values t. 01 = +2.62 

t 0'" ±1.98 • :J 

Results. 

Mean of Physical-down and Emotional-up .2036 

Mean of Physical-down and Emotional-critical = .2920 

Variance of Physical-down and Emotional-up .0424 

Variance of Physical-down and Emotional-up = .1693 

Number of Players in Physical-down and Emotional-up 91 

Number of Players in Physical-down and Emotional-critical = 35 

t = -1.6002 

Since t < 1.98, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-d~wn/Emotional-up vs. Physical­

critical/Emotional-down 

Ho J.l3=J.ls 

H1 JJ3f]ls 

D. F. = 131 



Critical values t. 01 + 2.62 

t.05 = + 1.98 

Results •. 

Mean of Physical-down and Emotional-up 

Mean of Physical-critical and Emotional-down 

Variance of Physical-down and Emotional-up 

Variance of Physical-critical and Emotional-down 

Number of Players in Physical-down and Emotional-up 

Number of Players in Physical-critical and Emotional-down 

t = -3.2869 
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• 2036 

. 3723 

.0424 

.1486 

91 

42 

There was a significant difference in category III and category VIII 

at the .01 level of confidence. Since -3.2869 < -2.62, there was a 

significant difference in these means. Therefore, the null hypothesis 

was rejected. 

Physical-down/Emotional-up vs. Physical­

critical/Emotional-critical 

Ho f13=J.lg 

H1 = JJ3:fl.lg 

D. F. = 101 

Critical values t. 01 = + 2.62 

+ 1.98 

Results. 

Mean of Physical-down and Emotional-up 

Mean of Physical-critical and Emotional-critical 

= .2036 

. 3059 
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Variance of Physical-down and Emotional-up .0424 

Variance of Physical-critical and Emotional-critical .5248 

Number of Players in Physical-down and Emotional-up 91 

Number of Players in Physical-critical and Emotional-

critical = 12 

t = -1.0806 

Since t < 1.98, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-down/Emotional-down vs. Physical-

critical/Emotional-up 

Results. 

H1 = f.l 4:fll 5 

D. F. = 135 

Critical values t_ 01 

Mean of Physical-down and Emotional-down 

Mean of Physical-critical and Emotional-up 

Variance of Physical-down and Emotional-down 

Variance of Physical-critical and Emotional-up 

+ 2.62 

+ 1.98 

Number of Players in Physical-down and Emotional-down 

Number of Players in Physical-critical and Emotional-up 

t = -2.2127 

= .1829 

• 2876 

= .0531 

= .1019 

= 88 
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There was a significant difference at the .05 level of confidence, but 

not at the .01 level between category IV and category V. Since 
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-2.21267< -1.98, there was a significant difference in these means. 

Therefore, the null hypothesis was rejected. 

Physical-down/Emotional-down vs. Physical-up/ 

Emotional-critical 

H J.l4=J.l6 
0 

Hl 114;£].15 

D. F. = 115 

Critical values t.Ol + 2.62 

+ 1.98 

Results. 

Mean of Physical-down and Emotional-down 

Mean of Physical-up and Emotional-critical 

Variance of Physical-down and Emotional-down 

Variance of Physical-up and Emotional-critical 

Number of Players in Physical-down and Emotional-down 

Number of Players in Physical-up and Emotional-critical 

t = -1.7497 

= .1829 

.29 29 

.0531 

.1891 

88 

29 

Since t < 1.98, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-down/Emotional-down vs. Physical-

down/Emotional-critical 

H J.l4=J.17 
0 

Hl J.14;£J.l7 

D. F. = 121 



Critical values t. 01 

t.o5 

+ 2.62 

+ 1.98 

Results. 

Mean of Physical-down and Emotional-down 

Mean of Physical-down and Emotional-critical 

Variance of Physical-down and Emotional-down 

Variance of Physical-down and Emotional-critical 

Number of Players in Physical-down and Emotional-down 

Number of Players in Physical-down and Emotional-critical 

t = -1.8644 
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= .1829 

.2920 

.0531 

.1693 

= 88 

35 

Since t < 1.98, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-down/Emotional-down vs. Physical­

critical/Emotional-down 

H = 114=lls 
0 

Hl = )14~118 

D. F. = 128 

Critical values t.Ol 

Results. 

Mean of Physical-down and Emotional-down 

+ 2.62 

;;:: + 1. 98 

Mean of Physical-critical and Emotional-down 

Variance of Physical-down and Emotional-down 

Variance of Physical-critical and Emotional-down 

= .1829 

.3723 

= .0531 

= .1486 



57 

Number of Players in Physical-down and Emotional-down = 88 

Number of Players in Physical-critical and Emotional-down 42 

t = -3.4889 

There was a significant difference at the .01 and .05 level of confi-

dence between category IV and category VIII. Since -3.4889< -2.62, 

there was a significant difference ·in these means. Therefore, the null 

hypothesis was rejected. 

Physical-down/Emotional-down vs. Physical­

critical/Emotional-critical 

Results. 

H1 = f14fflg 

D. F. = 98 

Critical values t.01 = + 2.62 

t .01 = + 1. 98 

Mean of Physical-down and Emotional-down 

Mean of Physical-critical and Emotional-critical 

Variance of Physical-down and Emotional-down 

Variance of Physical-critical and Emotional-critical 

Number of Players in Physical-down and Emotional-down 

Number of Players in Physical-critical and Emotional-

critical 

t = -1.2266 

= .1829 

= . 3059 

= .0531 

= .5248 

= 88 

= 12 

Since t < 1.98, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 
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Physical-critical/Emotional-up vs. Physical-up/ 

Emotional-critical 

Critical values t.Ol = + 2.63 

t.os +1.99 

Results. 

Mean of Physical-critical and Emotional-up = .2876 

Mean of Physical-up and Emotional-critical • 29 29 

Variance of Physical-critical and Emotional-up = .1019 

Variance of Physical-up and Emotional-critical .1891 

Number of Players in Physical-critical and Emotional-up = 49 

Number of Players in Physical-up and Emotional-critical 29 

t = -.0620 

Since t < 1.99, the null hypothesis was accepted which stated there was 

no difference in the means of the two categories. 

Physical-critical/Emotional-up vs. Physical-

down/Emotional-critical 

Ho Jls=J17 

H1 Jls:fJ17 

D. F. = 82 

Critical values t _01 + 2.63 

t.os = :t 1.99 
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Results. 

Mean of Physical-critical and Emotional-up = . 2876 

Mean of Physical-down and Emotional-critical .29 20 

Variance of Physical-critical and Emotional-up .1019 

Variance of Physical-down and Emotional-critical = .1693 

Number of Players in Physical-critical and Emotional-up 49 

Number of Players in Physical-down and Emotional-critical 35 

t = -.0553 

Since t < 1.99, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-critical/Emotional-up vs. Physical-

critical/Emotional-down 

H = 11 5=lls 
0 

H1 = lls:flls 

D. F. = 89 

Critical values t. 01 

Results. 

Mean of Physical-critical and Emotional-up 

Mean of Physical-critical and Emotional-down 

Variance of Physical-critical and Emotional-up 

+ 2.63 

+ 1.98 

Variance of Physical-critical and Emotional-down 

Number of Players in Physical-critical and Emotional-up 

Number of Players in Physical-critical and Emotional-down 

= .2876 

.3723 

= .1019 

= .1486 

49 

= 42 
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t = -1.145 7 

Since t < 1.98, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-critical/Emotional-up vs. Physical-

critical/Emotional-critical 

Results. 

H J.ls=].lg 
0 

H = J.lsi].lg 
1 

D. F. = 59 

Critical values t. 01 

t.os 

Mean of Physical-critical and Emotional-up 

+ 2.66 

+ 2.00 

Mean of Physical-critical and Emotional-critical 

Variance of Physical-critical and Emotional-up 

Variance of Physical-critical and Emotional-critical 

Number of Players in Physical-critical and Emotional-up 

Number of Players in Physical-critical and Emotional-

critical 

t = -.1332 

= • 2876 

• 3059 

.1019 

= .5248 

49 

= 12 

Since t < 2.00, the null hypothesis was accepted which stated there was 

no differences in the means of these two categories. 



Physical-up/Emotional-critical vs. Physical-

down/Emotional-critical 

H fl6=fl7 
0 

H1 fl6:ff.l7 

D. F. = 62 

Critical values t. 01 + 2.66 

t .05 = + 2. 00 

Results. 

Mean of Physical-up and Emotional-critical 

Mean of Physical-down and Emotional-critical 

Variance of Physical-up and Emotional-critical 

Variance of Physical-down and Emotional-critical 

Number of Players in Physical-up and Emotional-critical 

Number of Players in Physical-down and Emotional-critical 

t = .0085 
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• 2929 

• 2920 

.1891 

.1693 

29 

35 

Since t < 2.00, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-up/Emotional-critical vs. Physical-

critical/Emotional-down 

Ho flG=fls 

H1 flG:ffls 

D. F. = 69 

Critical values t. 01 + 2.64 

t .05 = + 1. 99 



Results. 

Mean of Physical-up and Emotional-critical 

Mean of Physical-critical and Emotional-down 

Variance of Physical-up and Emotional-critical 

Variance of Physical-critical and Emotional-down 

Number of Players in Physical-up and Emotional-critical 

Number of Players in Physical-critical and Emotional-down 

t = -.8087 

62 

. 2929 

.3723 

.1891 

.1486 

29 

42 

Since t < 1.99, the null hypothesis was accepted which stated there was 

no difference in the means of the two categories. 

Physical-up/Emotional-critical vs. Physical­

critical/Emotional-critical 

Results. 

H0 = 11 6=11 9 

H1 = l15:fflg 

D. F. = 39 

Critical values t. 01 

t.o5 

Mean of Physical-up and Emotional-critical 

+ 2. 7 

+ 2.02 

Mean of Physical-critical and Emotional-critical 

Variance of Physical-up and Emotional-critical 

Variance of Physical-critical and emotional-critical 

N4mber of Players in Physical-up and Emotional-critical 

Number of Players in Physical-critical and Emotional­

critical 

= .29 29 

.3059 

.1891 

.5248 

29 

12 
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t = -.0707 

Since t < 2.02, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-down/Emotional-critical vs. 

Physical-critical/Emotional-down 

H1 = 117'ffla 

D. F. = 75 

Critical values t. 01 = + 2,64 

t .05 + 1. 99 

Results. 

Mean of Physical-down and Emotional-critical 

Mean of Physical-critical and Emotional-down 

Variance of Physical-down and Emotional-critical 

Variance of Physical-critical and Emotional-down 

Number of Players in Physical-down and Emotional-critical 

Number of Players in Physical-critical and Emotional-down 

t = -.8818 

= .2920 

= .3723 

.1693 

= .1486 

35 

42 

Since t < 1.99, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-down/Emotional-critical vs. 

Physical-critical/Emotional-critical 



Results. 

D. F. = 45 

Critical values t. 01 ± 2.69 

t. 05 = ± 2.o15 

Mean of Physical-down and Emotional-critical 

Mean of Physical-critical and Emotional-critical 

Variance of Physical-down and Emotional-critical 

Variance of Physical-critical and Emotional-critical 
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. 29 20 

.3059 

.1693 

= • 5248 

Number of Players in Physical-down and Emotional-critical 35 

Number of Players in Physical-critical and Emotional-

critical = 12 

t = -.0817 

Since t< 2.01, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Physical-critical/Emotional-down vs. 

Physical-critical/Emotional-critical 

Results, 

Ho Jlg=Jlg 

H1 = llgfllg 

D. F. = 52 

Critical values t. 01 + 2.67 

t. 05 = + z.oo9 

Mean of Physical-critical and Emotional-down 

Mean of Physical-critical and Emotional-critical 

= .3723 

.3059 
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Variance of Physical-critical and Emotional-down .1486 

Variance of Physical-critical and Emotional-critical = .5248 

Number of Players in Physical-critical and Emotional-down 42 

Number of Players in Physical-critical and Emotional-

critical 12 

t = .4246 

Since t < 2.00, the null hypothesis was accepted which stated there was 

no difference in the means of these two categories. 

Table IV presents a concise summation of the results of the t-tests. 

An asterisk has identified each t-test where there was a significant 

difference at the .05 level of confidence. 

Summary 

The analysis of variance indicated there were significant differ­

ences among the categories. Therefore, t-tests were performed on each 

pair of categories to determine where the differences existed. The 

results of the t-tests indicated that significant differences occurred 

when category IV, Physical-down/Emotional-down was compared to category 

V, Physical~critical/Emotional-up, and in four instances when category 

VIII, Physical-critical/Emotional-down was.compared to category I, 

Physical-up/Emotional-up, category II, Physical-up/Emotional-down, 

category III, Physical-down/Emotional-up, and with category IV, Physi­

cal-down/Emotional-down. In each of these instances it was necessary 

to reject the null hypothesis and to acknowledge that significant dif­

ferences had occurred. 

On the basis of the review of literature that was documented con­

cerning the biorhythm cycles and, in particular, the importance of the 



TABLE IV 

SUMMATION OF t-TESTS 

I II III IV v VI VII VIII IX 

·Cat. I X • 7571 .9403 1. 6153 -1.6138 -1.3066 -1.3686 -3.2737* -.9690 

II .7571 X .2618 . 92628 -1.8543 -1.4825 -1.5645 -3. 3409it -1.0691 

III .9403 X .6337 -1.8876 -1.5077 -1.6002 -3.2869* -1.0806 

IV 1.6153 X -2.2127* -1.7497 -1.8644 -3.4889* -1.2266 

v -1.6138 X -.0620 -.0553 -1.1lf57 -.1332 

VI -1.3065 X .0085 -.8087 -.0707 

VII -1.3636 X -.8818 -.0817 

VIII -3.2737 X .4246 

IX -.9690 X 
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critical phase when it crosses the neutral line, there appeared to be an 

analogy between the review of literature and the results of the t-tests. 

Is there something particularly unique about the critical phase of a 

cycle more so than either the up or down phases? Although it was not a 

part of this study, was it uniquely important to recognize the ascending 

and descending phases of each cycle as they approached the zero or 

neutral line? 

The literature presented the concept that the critical phase of 

the biorhythm cycle may be the time for difficulties. The results of 

this study, based on the mean of probabilities, indicated that periods 

of the best foul shooting occurred during the critical phase. This 

factor was substantiated in the information summarized in Table III, 

Summation of Descriptive Statistics for Each Category. The mean of 

probabilities was the highest in categories VI, VII, VIII, and IX when 

at least one phase was in a critical state. Did these results occur 

merely by chance or was there some other unknown factor that caused 

these results to occur? It seems evident that a coach should remain 

aware of the biorhythmic status of each player who is going through a 

critical phase, for contrary to current biorhythm theory, the athlete 

may perform better under game conditions. 

Would further investigations identify significant differences with 

other categories? It seems reasonable to conclude there is a need for 

more research. Other investigations into this biological phenomenon 

should be completed; this information should be documented concerning · 

the effect of these long-term rhythms on human performance; other 

tests should be performed to determine if there is a valid relationship 

between biorhythmic cycles and human performance in various athletic events. 



Finally, it appears that on the basis of the results of this 

study, the 23-day physical and 28-day emotional biorhythm cycles had 

an effect on basketball free throw shooting. It was documented in 

Table III that the best foul shooting occurred during the categories 

when at least one phase was in a critical state. Were these results 
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in occurrence by chance or was there some other unknown factor involved? 

Looking at individual free throw probabilities for each of the 

nine categories, some athletes had relatively higher performances on 

some cycles that the literature considers advantageous but the majority 

of the athletes did more poorly under these same categories. A long 

range individual study might determine a trend of performance which 

would vary from one individual to another. In a sport such as basket­

ball when many games are won or lost by a single basket, this knowledge 

could be the edge a coach needs to increase his win-loss record. 

It may be of some value to the coach, and perhaps it may give him 

that slight edge, to be aware of the biorhythmic status of his players 

for the course of the season. This awareness may help the coach to 

utilize the talents and efforts of his players to their maximum capa­

bilities. For example, the biorhythm status of the player may not 

affect his shooting ability; however, a player who is experiencing a 

critical state in at least one phase of the biorhythmic cycles may be 

apt to suffer more quickly from physical fatigue and may benefit from 

more frequent periods of rest. 



CHAPTER V 

SUMMARY, CONCLUSIONS, AND RECONMENDATIONS 

Summary 

During the past two decades, a considerable amount of information 

has been developed concerning the controversial biorhythm cycle. This 

concept suggests the existence of three long-term rhythms: the 23-day 

physical cycle, the 28-day emotional cycle, and the 33-day intellectual 

cycle. There have been numerous articles published and a number of 

books written concerning these rhythms. While it appears that some of 

the information may be speculative, there has emerged from this re­

search a group of believers in this biological phenomenon. 

The theory indicates .that three long-term rhythms may influence 

human performance. If this is true, it could have a significant effect 

on those persons involved with sports. Training programs could be 

adapted to an athlete's biorhythm cycle. Coaches wou~d be inclined to 

present a player lineup for competition based upon the biorhythm status 

of each member of his team. 

A review of literature was completed in an attempt to understand 

the underlying principles concerning biorhythms. It presented a premise 

that some people accepted this theory and that others completely dis­

claimed the validity of long-term body rhythms whose origin was based 

upon a person's birthdate. 
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The purpose of this study was to determine if a relationship 

existed between human performance under game conditions and the 23-day 

physical and the 28-day emotional biorhythmic cycle. 

The subjects for this study included 91 varsity basketball players 

from selected colleges and universities. They played during the 1977-78 

basketball season. When their respective biorhythm charts were pre­

pared, no attempt was made to calculate the exact time of birth. The 

charts were developed solely from the respective birthdate of each 

subject. 

An analysis of variance was used to determine if there were varia­

tions between any of the categories. Since some differences did exist, 

t-tests were performed on each pair of categories to determine where 

the differences existed. The t-tests were statistically analyzed at 

the .05 level of confidence. 

Findings 

Using the .05 level of confidence, the findings for this study 

were as follows: 

1. When an analysis of variance was run on the total number of 

scores to identify any variations occurring between the categories, 

there was an indication that the scores differed by some degree among 

the nine categories. Therefore, t-tests were performed on each pair of 

categories to determine where the differences existed. 

2. The calculations from the t-tests provided the following 

information: 

a. With one exception, there were no significant differences 

when the categories I, II, III, IV, V, VI, VII, and IX were compared. 
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b. When the t-tests were performed between category IV, 

Physical-down/Emotional-down, and category V, Physical-critical/ 

Emotional-up, there was a significant difference at the .05 level 

of confidence. 

c. The t-tests at the .01 level of confidence indicated a 

significant difference between category I, Physical-up/Emotional­

up, and category VIII, Physical-critical/Emotional-down. The mean 

of the probabilities of free throws made during category I was 

.227 as compared to category VIII, which was .372. 

d. The t-tests at the .01 level of confidence indicated a 

significant difference between category II, Physical-up/Emotional­

down, and category VIII, Physical-critical/Emotional-down. The 

mean of the probabilities of free throws made during category II 

was .211 as compared to category VIII, which was .372. 

e. The t-tests at the .01 level of confidence indicated a 

significant difference between category III, Physical-down/ 

Emotional-up, and category VIII, Physical-critical/Emotional-down. 

The mean of the probabilities during category III was .204 as com­

pared to category VII, which was .372. 

f. The t-tests at the .01 and .05 level of confidence indi­

cated a significant difference between category IV, Physical-down/ 

Emotional-down, and category VIII, Physical-critical/Emotional­

down. The mean of the probabilities during category IV was .183 

as compared to category VIII, which was .372. 

As a result of the statistical calculations, it appeared that cate­

gories V, VI, VII, VIII, and IX were areas worthy of further study con­

cerning the relationship between biorhythms and athletic performance. 



72 

In repeated instances these categories registered a significant differ­

ence with the other categories. 

Contrary to what the review of current literature indicated con~ 

cerning a critical state, the best foul shooting occurred during this· 

period of time. This is substantiated in Table III, Summation of 

Descriptive Statistics for Each Category, in the section covering the 

Mean of the Probabilities. 

Conclusions 

The literature indicated that the relationship between biorhythm 

cycles and human performance cannot be ignored. There has been an 

abundance of information documented concerning the relationship of 

biorhythms to medicine, the best time for elective surgery, industrial 

accidents, and vehicular accidents. To date, there have been limited 

investigations concerning this biological phenomenon as it relates to 

athletic performance. 

The results of this study indicated that ther.e was a relationshi~ 

between the physical artd emotional biorhythmic cycles .and human per­

formance. It would seem appropriate that research should be continued. 

to evaluate these rhythms in order to ascertain if an accurate measure­

ment could be made to determine the level of relationship between the 

biorhythm cycles and human performance. 

Based upon the results of this study, the following conclusion is: 

irrespective of the current re.search concerning biorhythms and human 

performance, foul shooting was superior during four categories of the 

biorhythm cycles when at least one phase of each·category was in a 

critical state. 
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Recommendations 

It seems evident that a relationship may exist between athletic 

performance and biorhythms. To date, there has been a limited number 

of scientific studies to validate this relationship. On the basis of 

the completion of this research, the following recommendations are: 

1. Consideration should be given to the utilization of a 

longitudinal study specific to this subject. Research projected for 

a several-year period could indicate some other results that may pro­

duce more information concerning the relationship between biorhythmic 

cycles and human performance. It is possible that these cycles may 

affect some person more than others or that the cycle may vary in the 

number of days from one person to another. 

2. More subjects should be considered for the study. 

3. A minimum number of foul shots executed during the entire 

season should be established before a calculation is completed on any 

subject. 

4. The foul shot in basketball should be the athletic skill 

investigated. This skill offers the most consistency in terms of 

variables that must be controlled. 

5. The investigation should consider the ascending and descending 

phases of the respective cycles as the final calculations are being 

completed. 

6. The biorhythmic calculations should consider the exact time 

of birth. This factor may have some effect on the structure of the 

biorhythm cycles. 

7. Biorhythms should be checked for those who were playing in 

an attempt to determine when a player was pulled from a game for doing 
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poorly. A similar check should be made to identify apparent illness, 

missed games, and not starting or playing. 

8. Since this biological phenomenon is subject to so much con­

troversy, more detailed and scientific research should be completed. 

Other forms of physical skills and sports skills should be considered 

for investigation to determine if there is a significant relationship 

between athletic performance and the 23-day physical and the 28-day 

emotional biorhythmic cycles. 

9. Have daily practice games and keep all players in for the 

duration of the game in order to achieve the same proportionate number 

of games as there are days in each of the nine categories.in the bio­

rhythm cycle. This would potentially increase the number of free throw 

attempts during the double critical category. Since category IX occurs 

very seldom, chances for this category to fall on a game day usually 

produces a small number of free shot sttempts. This small sample size 

could distort the means of probabilities either positively or negatively. 
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Mr. George Hauser 
Basketball Coach 
Southwestern State University 
Weatherford, OK 

Hello George, 

79 

September 1, 1978 

I trust this letter finds you well and getting ready for another suc­
cessful basketball season. George, it is concerning basketball that I 
contact you. 

At the present, I am on a sabbatical leave for this semester to O.S.U. 
for the purpose of completing a residency and to get my dissertation 
proposal completed. My study is to do a research project on the effects 
of biorhythms on free throw accuracy. As you know, biorhythms is get­
ting some publicity concerning athletic performance. What I need from 
you is the following: 

1. The names and birthdates of your playing personnel from last 
year, the 1977-78 season. 

2. A copy of each game played from your scorebook plus the date 
the game was played. If the date is not entered in the book, 
send an old schedule. 

George, I know that you and your S.I.D. are about ready to get quite 
busy. If you don't have the time, could you send me your scorebook 
in order that I may duplicate the records from each game played. I 
will pay for all postage, assure you of good care of your book, and 
return it by registered mail. 

In return for this assistance, I will provide' you with a copy of my 
results. It will be interesting to note if there is any biorhythm ef­
fect on free throw performance. Although the testing will incorporate 
information from a previous season, the process would be the same and 
be applicable at any time. 

George, I wouid really appreciate your help specific to this and trust 
that I may hear from you in the near future. Your cooperative efforts 
may help provide some fresh insights on basketball performance. 

Professionally yours, 

Hal Weisbein 
Associate Professor, HPER 
University of Science and Arts of Oklahoma 

Please send information to: 1317 California St., Chickasha, OK 73018. 

HW/je 
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SAMPLE BIORHYTHMIC CHART 

DAY PHYSICAL E~OTIONAL DAY PHYSICAL E"OT!ONAL DAY PHYSICAL E"OTIONAL DAY PHYSICAL EMOTIONAL 
1 6e31 7,81 9 -9.97 4o33 17 5e19 -9.74 25 3.98 -o.oo 
2 3.98 9.00 10 -9.79 2.22 18 7.30 -1o.oo 26 1e36 2·22 
3 1.36 9.74 11 -8.87 o.oo 19 s.e7 -9.74 27 -1.36 4e33 
4 -1.36 1o.co 12 -7.30 -2.22 20 9,79 -9,QO 28 -3.98 6.23 
5 -3.98 9o74 13 -?.19 -4.33 21 9.97 -7 o81 29 -6.31 7o81 
6 -6.31 9o00 14 -2.69 -6.23 22 9o42 -6.23 30 -8.16 9o00 
7 -8·16 7e81 15 -o.oo -7· 81 23 8o16 -4.33 
8 -9.42 6.23 16 2o69 -9.00 24 6,31 -2.22 

MO"!TH OF DECo 
DAY PHYSICAL EMOTIONAL D.IW PHYSICAL f'-10T IONAL DAY PHYSICAL EMOTIONAL DAY PHYSICAL EMOTIONAL 

1 -9.42 .9.74 9 2·69 o.oo 17 6·31 -9.74 25 -9.97 4o33 
2 -9.97 1o.oo 10 5e19 -2.22 18 3o98 -9·00 26 -9.79 6o23 
3 -9.79 9e74 11 7e30 -4.33 19 1.36 -7.81 27 -8.87 7o81 
4 -8.87 9e00 12 8e87 -6.23 20 -1.36 -6.23 28 -7.30 9o00 
5 -7.30 7e81 13 9o79 -7.81 21 -3.98 -4.33 29 -5.19 9.74 
6 -5.19 6.23 14 9o97 -9.00 22 -6.31 -2.22 30 -2.69 10e00 
7 -2.69 4o33 15 9e42 -9.74 23 -8.16 -o.oo 31 -o.co 9o74 
8 -o.oo 2.22 16 8,17 -1o.oo 24 -9·.42 2e22 

MONTH OF JANo 
DAY PHYSICAL E~CTIONAL DAY PHYSICAL E:i'40T IONAL DAY PHYSICAL EMOTIONAL DAY PHYSICAL EMOTIONAL 

1 2e69 9.00 9 6o31 -6.23 11 -9.97 -6.23 25 5.19 9o00 
2 5.19 7o81 10 3.98 -7.81 18 -9.79 -4.33 26 7.30 9.74 
3 7o30 6o23 11 1o36 -9.00 19 -8.87 -2.22 21 8.87 10o00 
4 8.87 4.33 12 -1.36 -9.74 20 -7~30 -o.co 28 9,79 9o74 
5 9.79 2.22 13 -3.98 -1o.oc 21 -5.19 2o22 29 9.97 9o01 
6 9.97 o.oo 14 -6.31 -9.74 22 -2.69 4o33 30 9.42 7.81 
7 9.42 -2.22 15 -8,16 -9.01 23 -o.oo 6.23 31 8.17 6.23 
a 8ol7 -4.33 16 -9.42 -7.81 24 2.69 7.81 

"10'-ITH OF FEB, 
DAY PHYSICAL EI"OT!ONAL DAY PHYSICAL EMOTIONAL DAY PHYSICAL EMOTIONAL DAY PHYSICAL E.'-IOTIONAL 

1 6o31 4o33 9 -9.97 -9.74 17 5ol9 -o.oo 25 3.98 9o74 
2 3e98 2.22 10 -9.79 -1o.oo 18 7.30 2·22 26 1e36 9e01 
3 1.36 o.oo 11 -8.87 -9.74 19 8.87 4o33 27 -1.36 7e81 
4 -1.36 -2.22 12 -7.30 -9.01 20 9.79 6e23 28 -3.98 6.23 
5 -3.98 -4.33 13 -5.19 -7.81 21 9.97 7. 81 
6 -6.3!) -6.23 14 -2.69 -6.23 22 9.42 9.00 
7 -8.16 -7.81 15 -o.oo -4.33 23 8.17 9· .. 74 
8 -9.42 -9.00 16 2.69 -2.22 24 6.31 1o.oo 

MONTH OF MAt;-, 
DAY PMYSICAL EMOTIONAL DAY PHYSICAL EMOTIONAL DAY PHYSICAL EMOTIONAL DAY PHYSICAL EMOTIONAL. 

1 -6.30 4o33 9 -2.69 -9.74 17 9e42 -o.oo 25 -8.16 9o74 
2 -8·16 2·22 10 -o.oo -lOoOO 18 8ol7 2·22 26 -9.42 9o01 
3 -9.42 o.oo ll 2.69 -9.74 19 6o31 4.33 27 -9.97 7e81 
4 -9.97 -2.22 12 5.19 -9.01 20 3 .• 98 6o23 28 -9.79 6e23 
5 .-9. 79. -4.33 13 7.30 -7.81 21 1o36 7.81 29 -8.87 4o34 
6 -8.87 -6.23 14 8e87 -6.23 22 ~1.35 9.00 30 -7.30 2·22 
1 -7.30 -7.81 15 9e79 -4.34 23 -3.98 9.74 31 ·;:.5.19 o.oo 
8 -5.19 -9.00 16 9.97 -2.22 24 -6.30 lOoOO I:1J 

....... 
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SUBJECT I 

39;:.5 
2 1121/11 
3 22/26 
4 13/20 
5 6/ 9 
6 15/23 
7 15/23 
8 8/11 
9 2/ 4 

10 36/40 
11 6/ 9 
.t·C• "'- 1121/14 
13 3/ 4 
14 8/16 
15 5/10 
16 4/ 4 
17 2/ 2 
18 12/17 
19 6/14 
20 16/20 
21 26/37 
22 15/21 
23 7/14 
24 6/ 8 
25 9/16 
26 7./11 
:27 7/ 9 
28 4/ 5 
29 1/ 3 
30 11/17 
31 2/ 4 
32 26/29 
33 10/12 

TABLE V 

NUMBER OF FREE THROWS MADE DURING EACH PHASE 
OF THE BIORHYTHMIC CYCLE 

---
CATEGORY I . .. PHYSJ CAL -U'P, EMOTIONAL-UP 
CATEGORY II: PHYSI CAL·-UP, EMOTIONAL-DOWN 
CATEGORY III: PHYSICAL-DOWN, EMOTIONAL-UP 
CATEGORY IV: PHYSICAL-DOWN, EMOTIONAL-DOWN 
CATEGORY v: PHYSICAL-CRITICAL, EMOTIONAL-UP 
CATEGORY VI: PHYSICAL-UP, EMOTIONAL-CRITICAL 
CATEGORY VII: PHYSICAL-DOWN• EMOTIONAL-CRITICAL 
CATEGORY VI 11: PHYSICAL-CRITICAL• EMOTIONAL-DOWN 
CATEGORY I X: PHYSICAL-CRITICAL• EMOTIONAL-CRITICAL 
CATEGORY x: TOTAL FREE THROWS MADE AND ATTEMPTED 

II III IV v VI VII VIII IX 

11/l.7 17/22 63/8121 4/ 7 0/ 0 0/ 121 0/ 0 0/ 
4/ 9 12/16 4/ 6 9/ 9 1/ .t 2/ 4 121/ 0 0/ 

21/31 17/25 16/35 121/ 121 2/ 3 121/ 121 2/ 3 0/ 
3/ 3 2121/30 20./27 6./10 121./ 121 0/ 0 0./ 0 0/ 

25/31 13/23 1121/18 1/ 2 3/ 4 1/ 3 3/ 4 121/ 
12/16 11 4 21 .-. . .:: 0/ 121 121/ 2 :2/ 5 121/ 0 121/ 
3/ 8 6/ 9 17/21 121./ 121 2/ 2 121/ 121 0/ 121 0/ 
4/ 5 6/14 11/16 3/ 4 5/ 5 2/ 9 0/ 121 0/ 
0/ 0 7 I 11 8/13 121/ 2 5/ 8 IZI/ 0 0/ 0 121/ 

19./24 30/38 56/69 12/15 0/ 0 6/ 7 4/ 5 0/ 
6/ 8 8/13 14/l.6 121/ 121 0./ 0 IZI/ 121 6/ 6 0/ 

13./19 17/22 15./22 121./ 121 0/ 121 121/ 0 11./17 121./ 
7/11 11117 4/ 6 121/ 0 121/ 0 3./ 4 5/ 6 121/ 
4./13 :24/41 12/21 12!/ 0 0/ 0 121/ 0 2/ 5 0/ 
2/ 5 4/ 8 4/ 6 0./ 0 0./ 0 0./ 0 0/ 121 0/ 
8/11 6./ 7 11/15 0/ 0 1/ 2 4/ 4 0/ 0 121/ 
5/10 2/ 4 2/ it 1/ .-. .:. 0/ 0 0/ 0 0/ 0 IZI/ 

14/:2121 36/48 18/23 0/ 0 0/ 0 3/ 6 2/ 2 0/ 
3/11 9/12 3/ 4 2/ 2 0/ 0 0/ 0 11 2 0/ 
7/12 45/53 31142 15/17 8/11 8/11 6/ 6 121/ 

28/40 27/43 32/52 8/11 li.l/ 0 12/15 0/ li.l 121/ 
12/18 13./15 71 7 8/12 0./ 0 4/ 4 1/ 2 0/ 
8/14 17/19 l.1 I 17 0/ 0 5/ 5 4/ 4 lil/ lil 0/ 

10./15 8/13 11/17 4/ 6 0/ 0 0/ 0 1/ 2 0/ 
19/30 9/20 12/19 0/ lil 1/ 2 0/ 0 1/ 2 . 0/ 
5/ 8 11/16 12/14 0/ 0 1./ 4 0/ 4 0/ 0 0/ 
4./ 5 9/13 1/ 3 6./ 6 0/ 0 0/ IZI 10/12 11 
2/ 2 11 1 0/ 1 4/ 5 3/ 3 2/ .-. 0/ 0 0/ ""' 0/ 0 3/ 4 5/ 7 IZI/ 0 1/ 4 0/ 0 1/ 1 IZI/ 
6/ 9 4/ 5 14/17 3./ 3 0/ IZI 21 2 0/ 0 0/ 
7/13 5/ 9 12./18 8/10 0/ 0 IZI/ 0 0./ 0 0./ 

28/36 14/20 12/14 0/ 0 0./ 0 0/ 0 10/12 IZI/ 
8./13 3/ 6 12/15 2/ 3 IZI/ Ill 0./ 0 0./ 0 0/ 
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X 

121 133,1181 
121 42/ 56 
121 8121/123 
0 62/ 9121 
121 62/ 94 
0 32/ 52 
121 43/ 63 
3 39/ 67 
121 22/ 38 
0 163/198 
121 4121/ 52 
0 66/ 94 
0 33/ 48 
12) 50/ 96 
IZI 15/ 29 
0 34/ 43 
0 12/ 22 
IZI 85/116 
0 24/ 4:· 
0 136/172 
0 133/198 
IZI 60/ 7'7 
lil 52/ 73 
0 40/ 61 
1 51/ 90 
0 36/ 57 
2 38/ 50 
1 16/ 20 
0 11/ 19 
0 40/ 53 
0 34/ 54 
Ill 90/111 
IZI 35./ 49 



34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
B5 
86 
87 
88 
89 
90 
91 

14./22 
2/ 5 
4./ 6 
3/ 4 
6/10 
2/ 3 
4/ 5 

20/26 
1/ 3 
5/11 
121/ 1 
4/ 5 

1121/11 
15/18 
39/42 
21.141 
22.134 

7/14 
7/10 
4/1121 

11117 
5/ 7 
0/ 1 

11115 
0/ 2 
3/ 3 

32/44 
3/ 6 
1/ 4 
71 9 
9.11121 
4/ 6 
4/ 4 
:21 2 
5/ 9 
121/ 1 
4/ 8 

14.125 
121/ 0 

11/19 
6/ 8 
8/16 
8/12 

12/15 
1/ 3 

16/22 
5/ 7 
2/ 4 

10/16 
1/ 1 
71 9 
1/ 4 

24./29 
16/35 
1/ :;-: 
4/ 4 
8/.10 
71 9 

I I 

0/ 1 
3/ 5 

23/24 
0/ 1 
1/ 3 
8/10 

17/26 
15.125 
17/21 
23/35 
5/ 8 
4/ 6 

21/27 
7/ 9 

11/12 
29/46 

9/13 
0/ 1 
7/ 9 
2/ 2 
6/ 8 

16/23 
11 2 
5/ 8 

13/20 
17/28 
14/19 
8/13 

21/36 
9/10 

10/14 
6/10 
8/12 
0/ 0 

32/41 
2/ 4 

11/18 
2/ 2 
2/ 7 

13/19 
25/32 
3/ 4 
4/ 6 
2/ 5 
9/ 9 
3/ 4 
0/ 0 
2/ 4 
7/16 
5/ 7 

17/21 
:.; 7 
9/10 
8/11 
5/10 
7/H~ 

1/ 6 
8/10 

III 

14/17 
13/24 
28/31 
17./26 

9/16 
4/ 9 

20/33 
3/ 3 
S/ 8 

33./49 
11/13 
4/ 7 

25/30 
4/ 7 

30/41 
28./43 
15/28 
10./23 
4/ 5 
9./11 
8/13 
S/ 7 

15/21 
5/ 8 
3/ 4 
1/ 2 

30./3:'· 
2/ 2 

12/16 
15/18 
9/18 
1/ 2 
6/ 7 
6./ 7 

13/18 
4/ 4 
5.112 

11/19 
8/ 8 
8./12 

27./35 
5./10 
2/ 2 
5./ 8 
9./16 
6./ 9 
3./ 5 
4./ 6 

17/27 
6./ 9 

16/24 
9./ 1:'· 

13./13 
19./28 

9./12 
14./15 
13./20 

9./13 

TABLE V (Continued) 

IV 

3/ 4 
7/ 8 
0/ 1 
7/ 8 
3/ 4 
9/1 '+ 

14/24 
42/54 
2/ 7 
1/6 
4/ 6 
0/ 121 

18/20 
6/1121 

42/48 
19/35 
12/14 

911::2 
19/26 
7/ 9 

10/13 
7/13 
2/ 3 

13/16 
0/ 0 

17/30 
9/17 
5/ 8 
2/ 6 
5/ 8 

18/21 
5/ 9 
5/ 7 
3./ 6 
0/ 121 
7/ 8 
4/ 7 

13/29 
0/ 1 

18/27 
13/28 
9/12 
8/ 8 
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28 0.410 
29 0.308 
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31 0.326 
3.-. ..:: 0. 106 
33 0.186 

TABLE VI 

PROBABILITIES FOR FREE THROWS MADE DURING 
EACH PHASE OF THE BIORHYTHMIC CYCLE 

CATEGORY I. . PHYSICAL-UP, EMOTIONAL-UP 
CATEGORY II: PHYSICAL-UP, EMOTIONAL-DOWN 
CATEGORY I II: PHYSICAL-DOWN, EMOTIONAL -LJ P 
CATEGORY IV: PHYS'I CAL '-DOWN, EMOTIONAL-DOWN 
CATEGORY v: PHYSICAL-CRITICAL• EMOTIONAL-UP 
CATEGORY VI: PHYSICAL-UP, EMOTIO~AL-CRITICAL 
CATEGORY VII: PHYSICAL-DOWN, EMOTIONAL-CRITICAL 
CATEGORY VI I I : PHYSICAL-CRITICAL, EMOTIONAL-DOWN 
CATEGORY I X: PHYSICAL-CRITICAL• EMOTIONAL-CRITICAL 
CATEGORY X: TOTAL FREE THROWS MADE AND ATTEMPTED 

II I I I IV v VI VII VIII IX 

!21.145 !21. 183 !21.!2160 (21. 19!21 1 • 0!210 1 • 00!21 1. 00!21 1 • 000 
!21.039 0.225 0.297 !21.!2175 0.75!21 !21.211 1. (21(210 1. 00!21 
!21.144 !21. 16l 0.!2109 1. 000 0.444 1. !2100 !21.444 1 . 00(21 
0.327 !21.148 0.145 0.210 1. 000 1 • 000 1 . (2100 1. 0!210 
0.035 !21. 107 0. 123 (21.449 !21.391 IZ\.229 !21.391 1 • 000 
121.11.7 0.J.40 121.379 1. !210121 (21.148 121.21:· 1.121121121 1.00121 
121.12157 !21.272 0.12192 1. 0!210 0.466 1. 000 1. 01210 1.000 
0.240 121. 109 121.145 0.330 0.067 0.027 1. 000 0.073 
1.12100 0.226 0.215 0.177 0.272 1. 00121 1. 000 1. 00121 
0.182 0.136 0. 118 0.243 1. 000 0.385 0.406 1. 000 
0.309 0. 103 0.162 1. 000 1.000 1. 000 0.207 1.00121 
0.191 0. 151 0.176 1. IZIIZI0 1. 000 1 • 000 0.177 1 • 000 
0.228 0. 187 0.327 l..000 1.00121 0.41216 121.288 1.00121 
0.070 0.089 0.156 1.00121 1.1211210 1. 00121 0.298 1.12100 
121.31211 0.272 0.25121 1.00121 1.1210121 1. 000 ' 1 . 000 1. 000 
0.231 0. 3=<8 0.198 1. 000 0.331 0.391 1.000 1. 000 
0.236 0.369 0.369 0.496 1. 000 1. 000 1 • 000 1. 000 
0.182 0. J.27 0.170 1. 000 1. 000 0.150 0.537 1. 000 
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0.132 0.170 0.146 0.183 1. 000 0.333 0.365 1. 000 
0.113 0.044 0. 168 1. 000 0.183 0.257 1. 000 1.000 
0.213 0.213 0.199 0.329 1.1211210 1. 01210 0.451 1.000 
0. 114 0. 11212 0.158 1. 000 0.491 1. 000 0.491 0.433 
0.281 0.189 0.050 1. 000 0.126 121.018 1.1211210 1. 00121 
0.400 0.201 Ill. 131 0.193 1.000 1. 00121 0.244 0. 36=1 
0.640 0.800 0.200 0.41121 0.512 0.640 .1.000 0.200 
1. 000 0.327 0.242 l .. 000 0.173 1. 000 0.579 1. 000 
0.229 0.398 0. 195 0.430 1 .000 0.570 1. 12100 1.12100 
0. 174 0. 23=· 0. 186 0. 152 1. 000 1.12100 1. 000 1 • 000 
0. 140 0.094 0.263 1. 000 1.000 1. 000 0.290 1. 000 
0. 166 0.170 0.187 0.437 1. 000 1. 0121121 1. 000 1.000 
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0.735 
!21.75!21 
!21.650 
0.689 
0.660 
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1;>). 683 
0. 582 
0.579 
0.823 
121.769 
0.702 
0.688 
0.521 
0.517 
(21.791 
0.545 
0.733 
0.533 
0.791 
0.672 
121.759 
0.712 
0.656 
0.567 
0.632 
0.760 
0.800 
0.579 
0.755 
0.630 
0.811 
0.714 
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TABLE VI (Continued) 

SUBJECT II III IV v VI VII VIII IX X 

34 0.138 0.295 0.130 0.413 1. 000 1.000 1. 000 1. 000 1. 000 0.705 
35 0.238 (2!.345 0.143 0.083 1 . 000 1. 000 0.292 1. 000 1. 000 0. :<92 
36 0. 134 0. 14'+ 0. 21:2 0.123 l. 000 0.284 l. 000 1. 000 1. 000 0.877 
37 0.387 0. 34=· 0.163 0. 142 0. 277 0. 4:L:: 0.452 1. 000 0.307 0.655 
38 0.223 0.216 0. 129 0.399 0.329 0.335 1. 000 0.093 0.453 0.673 
39 0.435 0.257 0.057 0.177 0.065 1.000 1.000 1. 000 1.000 0.722 
40 0.312 0.162 0.123 0. l30 0.328 0.184 0.201 1. 000 1. 000 0.650 
41 0.181 0.035 0.436 0.122 1.000 1. 000 0.278 0.278 1.12.'100 0.758 
42 0. 21=· 0.083 0.270 0.035 1. 000 0.454 1.000 0.336 1. 000 0.674 
43 0.136 0. 121 0.081 0.032 1. 000 l .• 000 1. 000 0. 47:· 1. 000 0.612 
44 0.250 0.208 0.206 0.297 0.316 1 . 000 1. 000 1.000 1.000 0.750 
45 0.329 0.329 0.256 1.000 1. 000 1.000 1 • 000 1. 000 1.000 0.667 
46 0.302 0.133 0.192 0.205 0.343 1. 000 1.000 0.112 1. 000 0.837 
47 0.194 0.305 0.152 0. 125 0.293 1. 000 0.190 0.590 0.093 0.768 
48 0.060 0.292 0.025 0.144 1. 000 0.137 1. 000 0.714 1. 000 0.845 
49 0.066 0.110 0.099 0. 107 1.000 0.346 0.215 0.345 1. 000 0.599 
50 Ill. 142 0.218 0. 077 0.057 l .• 000 1. 000 1.000 0.243 1 • 000 0.642 
51 0.186 0.435 0.076 0.106 0.313 0. 102 1.000 0.363 1. 000 0. =·65 
52 0.261 0.290 0.384 0.174 0.393 1. 000 1. 000 1.000 1. 000 0.731 
53 0.024 0.529 0.233 0.288 0.420 1. 000 0.333 0.529 1.000 0.727 
54 0.187 0.288 0. 192 0.205 0.315 1. 000 1. 000 0. 271 1. 000 0.687 
55 0.294 0. 155 0.294 0.162 0.316 1. 000 1. 000 0.459 1.000 0.643 
56 0.379 0.471 0.126 0.438 0.144 1. 000 1. 000 1. 000 1. 000 0.621 
57 0.226 0.238 0.238 0.172 0.280 1. 000 1. 000 0.518 1. 000 0.720 
58 0.154 0.171 0.352 1. 000 1. 000 1. 000 1.000 0.477 1. 000 0.607 
59 0.235 0.152 0.472 0.124 0.472 0.105 0.472 0.271 1. 000 0.617 
60 0.134 0.203 0.035 0.042 0. 148 0.070 0.225 1.000 0.420 0.727 
61 0.257 0.222 0.391 0.282 0.153 1. 000 1. 0012.'1 0. 169 1.000 0.625 
6r, 
~ 0.136 0.121 0. 123 0.120 0.284 0.12.'122 0.471 1.12.'100 1 • 0012.'1 0.620 

63 0.303 0.262 0.226 0.152 1.12.'100 1. 000 1. 000 0.412 1. 000 0.796 
64 0.144 0.230 0.12.'127 0.078 1. 000 1. 000 0.281 1. 000 1. 000 0.719 
65 0.307 0.251 0.483 0.254 1 • 000 1 • 000 1.000 1.000 1. 000 0.593 
66 0.354 0.169 12.'1.337 12.'1.300 1. 000 1. 000 0.405 1. 000 1. 000 0. 771 
67 0.490 . 1. 000 0.247 0. 185 0.206 1. 000 1.000 1.000 1. 000 0.700 
68 0.152 0.099 0.206 1. 000 0.405 1 . 000 1.000 0.282 1. 000 0.718 
69 0.273 0.236 0.280 0.235 0.286 1. 000 1. 000 1.012.'10 1.000 0.727 
70 0.237 0.188 0. i.07 0.292 1.000 0.255 0.124 1 • 000 1. 000 0.593 
71 12.'1. 159 0.318 0. 181 0.068 1. 0012.'1 0.244 0. 171 0.564 1.000 0.564 
72 1. 000 0.086 0.014 0.412 1. 000 1. 000 0.412 1.000 1. 000 0.588 
73 0.144 0.187 0.238 0. 160 0.225 1.000 1. 000 1. 000 1. 000 0.656 
74 0.286 0.079 0.082 0.008 1.000 1.000 1.000 0.314 0.242 0.684 
75 0.146 12.'1.341 0.205 0.137 1 . 000 1. 000 1.000 1.000 1. 000 0.595 
76 0.102 0.21'5 0.678 0.212 0.678 12.'1.460 1 • 000 1.000 1. 000 0.824 
77 0.116 0. 177 0.277 0.128 0.142 1. 012.'10 0.345 1. 000 1. 000 0.655 
78 0.210 0.031 0. 123 0.213 1.000 0.461 0.322 1. 000 0.444 0.679 
79 0.186 0.416 12.'1.260 0.319 1. 000 1. 000 1 • 000 1. 000 1.000 0.714 
80 0.292 1. 000 0.340 0.326 0.340 1. 000 1.000 0.461 1. 012.'10 0.640 
81 0.357 0.357 0.297 0.258 0.422 1.12.'100 1.000 1. 000 1. 000 0.577 
82 0. 165 0. 136 0.106 0.098 1. 000 1.000 1.12.'100 0.338 12.'1.201 0.545 
83 0.741 0.315 0.242 0.221 0. 165 1. 000 1. 000 1. 000 1.000 0.741 
84 0.285 0.142 Ill. 142 0.201 1. 000 1.000 1.000 1.000 1. 000 0.723 
85 0. 193 0.222 0. 196 0.260 0. 106 1. 000 0.174 1.000 1. 000 0.558 
86 0.192 0.301 0.075 0.036 1. 000 1. 000 1.000 1. 000 1. 000 121 • .819 
B7 0.011 0.220 12.'1. 148 0.066 0.187 1.000 12). 133 0.235 1. 0012.'1 0.644 
88 0.467 12.'1.175 12.'1.172 0.282 0.343 1.000 1. 12.'1012.'1 0.440 0.440 0.628 
89 0.488 0. 152 0.200 0. 153 12.'1.392 1. 000 1 • 000 1 • 000 1.000 0.836 
90 0.137 0.031 0. l75 0.223 1.000 1. 000 1 . 12.'100 12.'1.437 1. 000 12.'1.615 
91 0.286 12.'1.259 0.227 0. 141 1.12.'100 1 . 12.'100 0.524 1.•000 1.000 12.'1.724 
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