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Several attempts have recént]y been made by psychologists to
uncover the mystique that surrounds the superior athletes and
their superior performance. Researchers wonder whether continuous
participation in a specific sport induces both peak performance
and certain mental strategies_or whether the perchance or
purposeful adbption of a cognitive strategy enhances performance
(Cratty, 1983). In their effort to find a causal relationship,
psychologists have endeavoured to understand the mental processes
of athletes, speculating on how the quality or quantity of their
thoughts might contribute to their excel]ent performance. Yet
results have been clouded over by anecdotal reports and rakheri
unsystematic accounts of subjéctive experiénces and views. |
Tentative explorations into the mind of the marathoner are
beginning to set the stage for the unravelling of this highly
~complex and,faéqinating realm. This research project sets out to
focus on the mental strategies of the marathoner and to discover

their contribution to the marathoner's limit of performance.

SPORT PSYCHOLOGY - A HISTORICAL PERSPECTIVE

Although sport psycho]ogy is a relatively recent development,
psychological issﬁes pervaded the arena of sport and the training
methods of athletes long before they were systematized in the
past few decades. The mind-body interaction, which already

fascinated the philosophers in ancient Greece, has continued to
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have an intuitive influence on athletic performance through the

-

sporting eras.

Most scholars since the time of Plato propounded the so-called
dualistic position, believing that the mind and the body were of
different natures and that only the mind had an influence on the
body. During the Middle Ages the mind was credited not only for
thought processes and reason, but also for reproduction, perception
and locomotion (Schultz, 1975). The radical idea on the mutual
interaction of mind and body was brought forward by Descartes in

the 17th century.

It is difficult to point to an exact origin of sport psychology.
Although reference to a text on the psychology of soccer, appearing
as early as 1801, is given in Vanek and Cratty (1970), the early
development of sport psychology and general psychology cannot be
perceived and studied as separate entities. General psychology was
evo]ving’from the established disciplines of philosophy, medicine
and education, when Wundt set up the first laboratory, devoted
exclusively to psychology, in Leipzig in 1879. According to Wundt,
psychology was the science of experience and his areas of investigation
included sensation, attention, feeling, reaction and association,

He had the worldly insight to realize that the mind-body problem

was not to dissappear that quick]y; even with advances in scientific

method and technology (Robinson, 1976).



While researchers in Wundt's laboratory were devoted to the
analysis of conscious experience, psychologists 1h Central Europe
were also beginning to focus on issues related to motor learning
and motor responses. Galton in England produced some exemplary work
- on the problems of mental inheritance and individual differences

in human capacity. His interests were very varied and inc]udéd a
study of anthropometric and psychometric measurements on more than
9000 people in London over a periad of 6 years. These included

data on height, weight, breathing power, strength of pull and
squeeze, quickness of blow, sense of hearing, sight and colour

(Schultz, 1975).

One of Wundt's students, Cattell, characterizing the American
functionalistic spirit, focused much of his work on mental

testing and the measurement of individual differences.

By 1920 a sufge of interest in the field of physical education was
noticeable and attempts were being made by physical edhcators to
gain wider knowledge on sport and recreation than was supplied by

medicine,

In the years immediately after World War I, a team of German
psychoTogists did pioneering work in the domain of physical
education. Their approach was known as "Psychotechnik" and
encompassed philosophical, experimental and practical issues.

In 1921, Schulte published a philosophical text entitled "Body

21



and soul in sports: An introduction to the psychology of physical
exercise". His research interests entailed, amongst others,
studies on hand-steadiness while aiming, speed and rhythm control,
and the force of the jump from a diving board (Rokusfalvy, 1980).
He also compiled a battery of tests to assess the physical ability
of'young children. His book "Increasing performance in exercises,
games and sport activity" may be seen as one of the earliest
attempts to focus on superior athletes and their psychological
preparation. Topics such as team interaction and pre-start tension

were also dealt with.

Giese expanded this knowledge to "objektive Psychotechnik" by
studying environmental aspects inf]uencihg sporting performance,
such as lighting and temperaturé fequirements of gymnastic halls,
He also exb]qred the size, shape and suitability of sporting
equipment and sought solutions to the prevention of sborts

injuries (Rokusfalvy, 1980).

Sippel's experimental research concerned the beneficial effect

physical activity has on the academic potential of children.
His results were published in two books, "Physical education in
schools and the mental work of school children" and “Physifa]

exercises and mental activity".

Around this time, Griffith, considered by some as the "fathér of -

sport psychology" in the United States began to make informal*

22
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observations on possible psychological factors related to
basketball and football (Kroll & Lewis, 1978). His main areas of
study were psychomotor skills, learning and personality testing.
In 1925 he was the first to establish a sport psychology
laboratory and offer courses to both students and athletes.
Unfortunately, his extensive output of knowledge had no direct
impact on coaches and physical educators during his time. Only
much later, in the 1960s, with a renewed Upsurge of interest in
motor performance (Cratty, 1967; Lawther, 1968; Oxendine, 1968;
Singer, 1968), were structured courses on motor learning, later
to be re-labelled sports psychology, to appear in the United
States (Cratty, 1983). The first half of the 20th century in the
United States is indicative of a dearth of research involving the

coach, the athlete and the- psychologist.

Impressive work continued to come from Germany, particularly from
the Deutsche Schule fiir Kérperkultur (Institute of Physical Culture)
in Leipzig after World War II. Work during the 1950s and 1960s
focused on the elite athlete and the relationship between
performance arousal and physical readiness for competition. German
teams, preparing for the Mexico Olympics %n 1968, were accompanied
by psycho1ogists during their high-altitude training ahd given

tests on performance and concentration levels (Vanek & Cratty, 1970).

Ogilvie and Tutko, two pioneer United States sport psychologists

in the 1960s began to employ personality testing to study



personality traits of athletes in various sports, as did many

other researchers using a variety of standard personality tests
(Cooper, 1969; Kroll, 1967; Lakie, 1962; Peterson, Weber &
Trousdale, 1967; Singer, 1969; S]usher,.1964). But the inconsistent
findings bred many skeptics and other means of evaluating

athletes began to be sought (Eysenck, Nias & Cox, 1982; Horsfall,
Fisher & Morris, 1980; Martens, 1975). Involvement of psychologists
in the United States national teams was minimal till the late

1970s (Klavora, 1980b; Morgan, 1980; Suinn, 1980a).

24

According to Vanek and Cratty.(1970), the start of sport psychology -

in Russia may be traced back to 1901 when Lesgaft researched the
psychological benefits of exercise. Today, Russia has created more
physical education institutes, sport psychology laboratories, and
has trained more sport psychologists than any other country. Soviet
sport psychologists are paid by the state and are attached to
national teams together with the coaching staff and the team
physician. The psychologists function is to conduct personality
tests and to prepare the athletes for competition. Athletes are
"discovered" often at an early age and given state support and
co-operation as sport and international contests take on important
social, national and ideological connotations (Smieskol, 1972).
The ever-increasing demand for superior performance, has led
Soviet researchers to direct more effort towards the elite athlete
and his need for psychological training. Another task of sport

&psychology in Russia today, is the establishment of models of the
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- SUMMARY

The balanced preparation of an athlete depends on the integration

of physiological, biomechanical and psychological factors that

govern performance. To optimize the performance potential of any

sport participant,'knowiedge about the three factors contributing
to applied sport science has to be generated through rigorous
analysis of thedry and practice. Physiological and biomechanical
“principles of performance have till recently dominated the sport
science arena. Psychological knowledge of sport is now gaining in
scope and dimension. It was the objective of this thesis to
contribute to the expanding field of sport psycho]ogy and, in

particular, to the psychological knowledge on marathon running.

The thesis is laid out in two parts. The first part, consisting
of five chapters, presents a review of relevant 1iterafure
pertaining to psycholological facets of sports training. As an
introduction, the development of the field of sport psychology
is outlined, followed by an overview of the history of thé
marathon. Physiological Tlimits and psychological complexities of

sports performance conclude the first chapter.

" The current interest in mental strategies employed during long-
distance running is traced through research thrusts into the

mental practice of skills and psychological pre-performance

11
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preparation techniqdes; The beginnings and continuation of
psychological research into the mental aspects of detailed and
isolated motor skill execution and how this trend has impacted
on mental imagery training is considered in Chapter 2. In
physical skill research, mental rehearsal is primarily applied
as the sole short—term'intervention technique aiming to improve
the behavioural output of the specific motor skill practised.
Systematic scientific inquiry is lacking and a one-treatment
approach is not uncommon. Clinical research provides the
integration of mental imagery rehearsé]/into more comprehensive
behaviour modification programmes in sports settings. Numerous
muscle re]axatidh techniques, adopfed from clinical practice,
are now receiving extensive attention in the pre-performance
and particularly pre-competition phase of athletes' training
routines. These productive adaptations, together with the
emergence of sports-specific intervention procedures, are

reviewed in Chapter 3.

Current research trends are indicative of the progression away
from aﬁxi1iary, isolated mental skill practice to augmented,'
complex mental strategy intervention prdcesses. Chapter 4 reports
on investigations undertaken in order to explain the athlete's
mental activity during long-distance running. Research findings
illustrate what kind of mental strategies athletes adopt to cope
with the effort, stress and strains of competition ahd'tfaining.
How a person comes to perceive the effort involved in physical

~activity is assessed in Chapter 5.



13

In the second part of the thesis, also consisting of five

chapters, concepts and theories propounded by researchers

reviewed in the preceeding chépters come under scientific scrutiny.
It is argued in Chapter 6 that Morgan and Pollock's theory, which
states that only elite marathoners can afford to use an associative
mental strategy because of their superior physiological constitution,
is misleading. As increases in physical conditioning are irrefutably
Tinked with increases in training intensity, marathoners, regardless
of running status, have to expose themselves to ever-increasing
efforts to procure performance improvements. For optimum performance
energy expenditure must be efficient, economica1 and safe.
Dissociative thinking during long-distance running doés not enable
athletes to regulate actively the running process to match the supply
of energy with the demand set by the specific course or situation,
often exposing athletes to the additional risk of overuse injury.
When adopting an associative mental strategy, athletes actively
manipulate the running process to their advantage. To attain and
maintain high training intensity associative thinking has to be
practised by the marathoners regardless of their running status.

The thesis is put forward that increases in associative mental
strategy are directly related to increases in the perception of
effort. Qualitative differences within associative thinking may

be attributed to the prolonged shaping process to which experienced
runners have been exposed. Based on the serial modal model of
thinking, an information-processing system elucidating the above-

mentioned thesis is displayed.
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Chapter 7 concentrates on the task of recording the continuous
verbalized thought flow of marathoners during their training runs.
Previous mental strategy research has until now relied heavily

on pre- and retrospective questionnaire data. The present data
gathering technique utilizing Jight-weight microcassette tape
recorders is seen as a major advance in the research methodology.
The development of a precise, functional mental strategy
classification system based on the broad association/dissociation
classification and Nideffer's attentional style categorization is
documented in Chapter 8. The content analysis of the transcribed
thought verbalizations was based on this sytem. Results indicate
that marathoners irrespective of running status engage in

associative thinkihg to similar degrees.

Detailed analyses of the hypothesized relationship between specific
thought components and training intensity are offered in Chapter 9.
A11 subset regression analyses were executed. Extremely strong
positive linear relationships were revealed to exist between
specific task-related thought components and effort sense. Qualitative
differences within the associative mental strafegy are examined in
the light of the shaping process to which experienced marathoners
are exposed. The newly developed mental strategy c]assifiﬁation
system is utilized in Chapter 10 to advance an assbciative mental
strategy training programme. Light-weight, hands-free, two-way
radios made continuous communication between trainer and marathoner

feasible. This contributed substantially to the effective shaping '
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and enhancement of a precise and directive associative mental
‘strategy. Ten casensfddiés are éva]uated,ilehdihg considerable :
.support fof the training in'assbciative mental strategy to
enable marathoners to achieve and maintain an efficient and safe
running household. Recommendations for the adaptation of this -

training method into general use are discussed.



91 -

T Ldvd



17

CHAPTER 1

INTRODUCTION

‘In their pursuit of excellence, human beings try to attain higher
and ever-distant goals. In the field of sport, they are consistently-
striving to break the existing records and are indeed succeeding.
And thus the question arises of where will it all end? Is there a
Timit to human performance? Will this limit be physiological or
psychological, and will we experience the day when the last record

will have been broken?

Although many athletes are endowed with the genetic ability to do
well and although they undertake arduous training programmes, their
'performanées still vary tremendously over time and place. It is

this phenomenon that is of interest to psychologists and has
“attracted them into the world of sport. It is becoming more and
more evident that "mental fitness" is a major complementing factor
in the achievement of optimum athletic performance. The requirements
of a champion go further than a rigorous training regimen. It is

the psychologist who may offer the athletes psychological insight
and training so that during competition they may elicit all their

resources for the near superhuman effort of superior performance.

Besides talent, athletes need sound motivation so that they may
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endure the endless ordeal of training. They_a]so need thorough
preparation for the competitive event and need to excel at
competing. This implies that competitors must master the stress

of the contest and be able to monitor their arousal level prior

to and during performance. Yet every competitor has his or her

own requirements, be they cognitive or emotional, which need to

be identified. A balanced preparation which takes into account
that optimal performance is influenced by 5 myriad of factors

is Jita] in the training and coaching of athletes. The integration
of the scientific knowledge on the physiological and psychological
factors is éteadi]y being accepted in the sporting field. Sport
psychologists, believing that superior athletic performance is a
balanced psycho-physio]ogfca] blend, are drawing on knowledge

from physiologists, physical educationalists, clinical psychologists,
research psychologists and biophysicists. Hickman (1980) suggested

that an intricate mind-body synthesis will eventually contribute

to an expanded dimension of human capabi]ities.>

vToday. peak form and peak performance over an extended period of
time are necessary requirements of the sportsperson. It fs only
the athlete who can maintain this high standard consistently who
will ultimately outperform competitors and receive the iaurels.
During peak performance the athlete makes use of superlative -
human potential. Privette (1981) has noted that world class |
~athletes distovér the techniques necessary to make their own

supreme performance a recurring event.



"ideal” athlete in various sport disciplines constructed from

psychological traits and characteristics (Shneidman, 1980).

In 1965, the First International Congress of Sport Psychology
was held in Rome by invitation of the Italian Ferrucio Antonelli.
This turned out to be a notable unifying meeting for researchers

from many countries.

The Second International Congress of Sport Psychology was staged
after the 1968 Mexican Olympics and showed that a rapid growth

of sport psychology was beginning to take place.

THE HISTORY OF THE MARATHON

The marathon is é long-distance footrace which commemorates the
legendary triumph.of an Athenian named Pheidippides, who in

490 B.C. is supposed to have started from the batt]efie]d of
Marathon and headed for Athens, approximate]y'40 kilometres away,
to bring news of the Greeks' victory over the Persians. The story
goes that as he comﬁ]eted the strenuous journey and pronounced his
joyous news to his countrymen in Athens, he collapsed dead to the

ground.

Martin, Benario, and Gynn (1977) have coné]uded that the

historical evidence for this heroic feat is very meagre, and that

25



even the runner's name was probably not Pheidippides. Their
prime source is takenrfrdm the histony books of Herodutus who

1ived around this time, and wrote:

And first, before they left the city, the
generals sent off to Sparta a herald, one
Philippides, who was by birth an Athenian,
and by profession and practice a trained
runner. This man, according to the account
which he gave to the Athenians on his return,
when he was near Mount Parthenium above Tegea,
fell in with the god Pan, who called him by
his name, and bade him ask the Athenians,
"Why they neglected him so entirely, when
he was kindly disposed towards them, and
had often helped them in times past, and
would do so again in time to come?" ... On
the occasion of which we speak, when
Philippides was sent by the Athenian
generals, and, according to his own account,
saw Pan on his journey, he reached Sparta on
the very next day after quitting the city of
Athens. (p.821)

It is significant to note that no mention is made of this man
"Philippides" returning to Athens to join the battle at Marathon
and his ensuing trip to Athens to carry his victorious news,

nor of his resultant death.

Another reference comes from the Roman historian Cornelius Nepos

of the 1st century B.C. who states:

Al

The Athenians, distressed by this war so
near and so great, in their own land,
sought aid nowhere other than from the
Lacedaemonians (Spartans) and sent
Phidippus, a runner of that class known as
hemerodromoi, to report how urgent was the
need of aid. (Martin et al., 1977, p.822)



The present interest in endurance races dates back to the(
“inclusion of a marathon event in the fifst modern Qlympic Games,
which were instigated by the Frenchman Baron Pierre de Coubertin
in 1896. The legendary run was re-enacted from the Marathon
Bridge to the city of Athens and was appropriately won by a
Greek, Spiros Louis. It was not until the Olympic games in 1924
that the marathon distance was standardized to 42.195vmetres
(Midgley, 1983) or 26 miles and 385 yards (26.219 miles), run
only once previously at thé 1908 Olympics in London. The extra
385 yards were added in 1908 so that the marathon could start at
the royal residence at Windsor Castle and end directly in front

of the royal box in the stadium (Encyclopaedia Britannica, 1979).

Since these early times many kinds of endurance races have been
established both in metric and mile distances, but it is the
standard marathon that has achieved greatest popularity in terms
of the number of participants worldwide. The interest among all
nations, all age groups and for both sexes to participate in this
gruelling long-distance running event is today still growing
markedly ("Laufen: Besser als", 1978). Both the quality and the

quantity of new records continue to improve.

After the 1968 Olympic Games in Mexico there was a renewed upsurge

of scientific research into marathon training, much previous
physiological investigation having been undertaken before World

War II (Maron & Horvath, 1978). But the coaches and runners, with

27
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their winning philosophy based solely on personal experience,
"became uneasy companions" (Lucas, 1977, p.859) to the medical
doctors, dieticians, physiologists and biophysicists who derived

their knowledge from laboratory tests.

The International Amateur Athletic Federation (IAAF) does not

give an official list of "world records" for the fastest finish
times of the marathon event, as no two marathons can be run

under exacf]y the same conditions (Encyclopaedia Bkitannica, 1979).
Firstly, the c]imatic conditions such as temperature, humidity

and wind direction all effect the performance of the participants
and cannot be coﬁtro]]ed. The second problem that needs to be
taken into consideration is the course terrain, which will differ
tremendously in surface, gradient and altitude from place to
place. Another problem that relates to the course is the accurate
measurement of the distance of 42.195 metres which, when not done
by an actual line drawn on the full length of the course surface

that the competitors must follow, can lead to an erroneous distance

interval.

Figure 1 and 2 give an indication of the steady, nearly linear’
imprdvement of performance in the marathon race over.the past
years both for male and female runners. It should be mentioned

that female runners were only officially admitted to marathon

running in America as late as the 1970s, after a long and bitter
struggle td prove their capabilities (Kusczik, 1977). The first
Olympic marathon event for women was held in»Lds Angeles in September,

1984.
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1913 | H. Green (UK) 2:38:16.2

1 ] I T l 1
1913 | Alex Ahlgren (Sweden) 2:36:06.6

| 1 ] L 1

1920 | Johannes Kolehmainen (Finland) 2:32:35.8
] I I I
1925 | Albert Michelsen (USA) 2:29:01.8

| H ] L
1935 | Fusashige Suzuki (Japan) 2:27:49

] 1 | ]
1935 | Yasuo Ikenaka (Japan) 2:26:44

I I mi 1

1935 | Kitei Son (Japan) 2:26:42
1 1 il 1
1947 | Yun Bok Suh (Korea) 2:25:39
1952 | James Pelers (UK)I2:20:42.2l
1953 | James PeLers (UK)12:18:4q.2
1953 | James Peiers (UK)l2:18:%4.8
1954 | James Pelers‘(UK)I2:17E39.4
1958 | Sergey P;pov (ussé} 2:15:17
1960 | Abebe Biii]a (Eth;kpia) 2:15:16.2
1963 | Toru Ter;sawa (Jaéan) 2:15:15.8
1963 | Leonard éde]en (pgA) 2:14:28
1964 | Basil He;tley (UK) 2:13:55
1964 | Abebe BiLi]a:(Ethiopia) 2:12:11.2
|

1965 [Morio Shigematsu (Japan) 2:12:00

— |
1967 | Derek Clayton (Australia) 2:09:36.4

L
1969 | Derek Clayton (AuTtralia) 2:08:33.6

B
.
1981 | Alberto Ta]azar (USA) 2:08:#3.0
— .
i ~ | |
2:05 2:10 2:15 2:20 2:25 2:30 2:35 2:40

Time (Hours:minutes:seconds)

Figure 1. Marathon race times for men (adapted from Wilkerson, 1982, p.40).



Year

30

] 1 ] A 1
1971 | Adrienne Beame (Australia) 2:46:30

| | 1 1 ]
1974 | Chantal Langlace (France) 2:46:24

I I I 1

1974 | Jacqueline Hansen (USA) 2:43:54.5

| 1 ] 1
1975 | Liane Winter (W. Germany) 2:42:24-

| ] | |

1975 | Christa Vahlensieck (W. Germany) 2:40:15.8
T I I
1975 | Jacqueline Hansen (USA) 2:38:19
I I |
1977 | Chantal Langlace (France) 2}35:15.4

| 1 ‘

1977 | Christa Vahlensieck (W. G%rmany) 2:34:47.5
l [ |
1978 | Grete Waitz (Norway) 2:32:29.9

|
1979 | Grete Waitz (Norway) 2:27:32.6

1980 | Grete Waitz (Norway) 2:25:41.3

1981 | Allison Roe (New Zealand) 2:25:28.8
1984 | Joan Benoit (USA) 2:22:43
— |

{ 1
2:20 2:25 2:30 2:35 2:40 2:45 2:50 2:55

Time (Hours:minutes:seconds)
Figure 2. Marathon race times for women (adapted from Wilkerson, 1982, p.40;
updated for 1984).



When plotting the average speed in metres pervminute of the record
breaking runs (from 100 metres to 42;195 metres) against the
progression of time of the past 50 years, the rate of acceleration
has averaged approximate1y 0.75 metres per minute per year'(Ryder,
Carr & Herget, 1976). This rate of acce1eratioh for the §hort
distance races is hardly detectable, so that one might be mislead
to believe that the 1imit of performance has already been reached
~in this area of sport. Yet in a long-distance event such as the
marathqn, the increase in mean speed has been shown to be:
approximately 0.9 metres per minute, which implies that the
athlete will gain 116 metres each year, or knock off about 21
seconds from the record each year., A projection based purely on
improvements in meanzspeed'is given by Ryderlet'a1.,(1976) for

the marathon event.since 1925 in Figure 3. Tﬁe overall improvement
from the record time in 1925 to the projected record in 2028 has

been calculated to be 24.7%.

When trying to anticipate the records of the future by looking at
the trends of the past one usually concentrates on dates rather
than on the training effort that'goes into producing a record
performance. This, however, is vital because the limft to
‘performance may lie in the training programme rather than in the

athlete:

The physiological, pathological and
psychological reactions that limit
proportionate increases in the intensity
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2004

1977

1925

Figure 3. Projected marathon records for the years 2004 and 2028

: 53 : 13 Hours : minutes : seconds
2 :00 : 00
2 :09 : 00
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(adapted from Ryder, Carr & Herget, 1976, p.118).
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of training are already distressingly
familiar to coaches and sports physicians.
At present the factor limiting record
performances may be pathological or
psychological, but it is not physiological.
(Ryder et al., 1976, p.119)

One of the aims of the sport psychologists, therefore, is to

seek ways of extending those psychological Timits.

PHYSIOLOGICAL LIMITS TO PERFORMANCE

The marathon race represents a classical test of physical
fitness and peak performance. The individual's successful
completion of this arduous event is the result of a multitude
of factors which need to blend harmoniously. There is no one
formula that can predetermine éuccess and thus serve as a
preécription for the next marathon event or the next marathon

competitor,

There are several external variables such as time and Tocation
of the event, the difficulfy'and familiarity of the course, the
climatic condition, the availability of sufficient drinking
stations, traffic control and pollution, and a large supportive
spectator audience that will have an effect on the performance
of the athlete. Most of the above variables may be accounted
for in advance and should not influence the well-prepared and

highly trained runner to a great extent. Internal factors like
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age, weight, percentage body fat, skeletal structure, state of
health and diet, the capacity for oxygen intake, and muscle |
fibre composition contribute markedly to the determination of
an individual's maximal running speed. However, as the human
body operates on the basis of all systems interacting in
synchrony, "the body is only as fast as its slowest partﬁ

“(Wilkerson, 1982, p.36).

Individuals who manage to produce superior performance must first
and foremost be endowed with the correct genetic factors. It has
been shown.that in order to be a world champion marathoner,

one must have the innate capacity to consume oxygen at a very

high rate. This physiological factor can readily be measured

using a laboratory treadmill. The athlete's oxygen consumption
increases nearly linearly as. the work load continuously increases
until a point is reached at which, although the athlete can run

a little faster, his oxygen uptake reaches a plateau. This point
is called his maximum oxygen consumption (yoz max) or maximal
aerobic power. Research has indicated that elite male marathoners
have V0O, max values of up to 60% higher thah the average population
(Noakes, 1981). Even a demanding exercise regimen ;annot improve
the maximum oxygenbintake of an athlete by mofe than 10% (Wyndham,
Strydom, Van Rensburg & Benade, 1969). This phenomenon has led

to the saying that “champions are born and not made". Anyone
considering entering the world arena of middle- and long-distance

running should have a maximum oxygen uptake close to or preferably
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above 80 ml.kg l.min 1 in the case of men and above 70 ml.kg !l.min"!
for women-(Astrand & Rodahl, 1977; Saltin & Astrand, 1967). | |
Among superior distance runners with elevated V0, max ya]ues ré]ative
to the genéra] population, it is not the contestant with the

highest value that necessarily runs fastest (Thomas, Zebas, Bahrke,
Aranjo & Etheridge, 1983). V0, max, therefore, cannot fully

explain the different results of elite marathoners. Rather, the
single physiological factor that is now accepted as the true
discriminater of performance capacity is the ability to maintain

a speed requiring a large percentage of V0, max for an extended
period of time (Noakes, 1981; Sen Gupta, Mathew, Gopinath &
Jayashankar, 1983). As was mentioned, V0, max varies minimally

with training, but it is this last named factor that can be

influenced substantially through a demanding training schedule.!

It is found that when marathoners go beyond this critical

% V0, max and drive themselves to using an even higher percentage
of their V0, max, their blood lactic acid levels begin to rise
sharply. fhese "lactate-turnpoints" may be lowered with training
and thus postpone the onset of fatique (Wyndham, Strydom, Van
Rensburg & Benade, 1969). Research done by Nagle and Ba]ke

(cited in Morggn, 1984) on trained runners pointed to the
following interesting relationships between work intensity, blood
lactate levels and endurance times. When the runners increased

their work intensity from 71% to 77% of V0, max they experienced
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a 100% increase in blood lactate and a 33% decredse in endurance
time. When the work intensity was pushed to 86% of maximum,

they experienced a 400% increase in blood lactate and a corresponding
50% decrease in endurance time. It is thus essential that the

elite marathoner runs close to his optimum range of % V02 max.

Hence, the vital factor in the exercise programme of the serious
marathon runner is endurance training; he needs to be able to
withstand prolonged work at ah optimally high energy consumption.
Ryder et al. (1976) considered that maximal exposure to the

severe conditions under which the marathoner needs to compete will
possibly bring about this adaptation. They foresee a situation in
which the marathoner, striving for the ultimate Timit in berformahce,

will devote his life to running at race pace.

A further factor that appears to determine how long an endurance
athlete can maintain the physical exertion required during a
marathon is the concentration of glycogen in the muscles at the |
start of the race and the rate at which these glycogen stores are
utilized (Fitts, 1977). Training causes the initial muscle

glycogen concentration to increase and reduces the rate of muscle
glycogen metabolism by allowing a proportionately larger percentage
- of fat to be utilized during exercise (Hendriksson,'1977). These

adaptations further enhance the performance of the elite athlete.

Running performance is also affected by the contestant's muscle
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fibre composition, which again is a genetically predetermined
factor (Pyke, 1979; Saltin, Hendriksson, Nygaard, Anderson &
Jansson, 1977). Slow-twitch muscle fibres characteristically
exhibit a higher content of myoglobin and a greater capacity
for oxidative processes, which implies that muscles containing
a 1arge percentage of these fibres are_we]] adapted to cope with
prolonged endurance events such as marathons in which the
>emphasis is on aerobic metabolism (Knuttgen, 1979). Fast-twitch
fibres, on the other hand, have a greater anaerobic capacity
and a high percentage of these fibres are found in-sprinters.
Appropfiate training can improve the efficiency of the muscle
fibres, but cannot change the person's muscle fibre composition

(Costill, Daniels, Evans, Fink, Krahenbuh] & Saltin, 1976).

Another anatomical consideration that influences running
performance is stride 1ength which is determined by the factors
of leg length, fixed by heredity, and hip flexibility. Only

the latter is trainable and can result in a longer stride and

therefore possibly in a faster running speed (Wilkerson, 1982).

At this point, mention should be made of certain ergogenic aids
certain athletes either ingest or inject in order to enhance
their performance capabilities. The misuse of drugs destroys
fair play in sport, and doping is beginning to be heavily
penalized in some countries. The use of steroids and other

pharmaceutical products to change the athlete's physiology is



potentially dangerous, and has .in instances already been fatal

(Beckett, 1984).

The continued record breaking performances during the past
century have thus partly been due to factors like the increase
in human size, advances in technology, insights from the field
of medicine and work physiology, and the increased amount of
leisure time available for training. Research done by exercise
physiologists has removed many ill-founded notions and
superstitions regarding training for endurance events and
replaced these with programmes that may be specifica]Ty adapted
to each athlete's unique, laboratory-tested physib]ogica]
characteristics. The wider use of computers will play an ever-
increasing role in determining the ultimate training regfmen

for individual athletes resulting in more athletes being |
optima]iy prepared for the possibility of breaking records and
for reaching ever-distant 1imits in performance. Clein (1980)
predicted that by the end of the century the process of natural
selection, too, will play a role. With the advance in the

fields of science, medicine and technology, and the sociological
tendency of runners to marry runners, the physiological

capacity of the human being has not yet been fully grasped,

let alone tested. Further optimum performances and faster running

times are therefore predicted.

Finally, it is interesting to note that approximately two-thirds
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of the men who break a world record never break another one.
This phenomenon was reported by Ryder et al. (1976) who stated
that only about 20% of runners improve on their own record and
25% establish a further record at a new distance. Ryder et al.
offered their own reason for believing that man has not yet

reached his physiological limit of performance:

The champions stop not at a given speed
but when they set a record. Succeeding
champions do the same. They telescope in
their relatively short racing lives all
the achievements of the great runners
of the past and then stop with a gold

- medal, just as their predecessors did.
Since it is the medal and not the speed
that stops them, the speeds they reach
cannot be considered in any way the

- ultimate physiological limit. (p.114)

PSYCHOLOGICAL COMPLEXITY OF PERFORMANCE

_ Physiological variables such as maximum oxygen uptake (VO0, max),
percentage utilization of maximum aerobic power, body build and
muscle fibre composition have all been used by researchers to
identify marathoners with superior performance capabilities from
runners with a wide range of physical abilities. Yet, when
studying the near homogeneous group of elite marathoners the
physiological predictors lose their value and become a mass of
inconsequential data. It has therefore recently become the trend

to look towards the field of psychology t6 supply answers to what
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differentiates the winner from the rest of the group of equally
talented and trained individuals. As the marathon is one of

the mos@dgbxgica11y demanding events among sporting contests

and only the extremely well-prepared and‘fit athlete may hope

to succeed, it lends itself ideally for study by psychologists,
for it must also surely rank as one of the most arduous events in
terms of its psycho]ogica] demands. And it is in this area that
much research~still reeds to be done. It is Hickman's (1980)
belief that "learning to influence your physiology mentally is

an important missing ingredient in most western training
systems“v(p.131). Thus, when considering the physical side of
sports it appears that the athlete has become oyer-educated

and that it is the péycho]ogica] aspect of traihing and performance

that has been neglected and therefore needs attention;

Should a marathoner only rely on his natural endowments and his
fitness training his chances of success would be minimized and

‘7 his peak performances would merely be random events. A serious
marathon competitor must, therefore, be aware of the fundamental
psychological determinants of optimum performance, which include
appropriate emotional arousal, stress coping mechanisms, the
ability to relax in anxiety evoking situations, consistently ‘
high motivation, exte]]ent concentration, task-orientated
attention, the capacity to adjust to varying circumstances, and

personality traits of high self-confidence and self-esteem.

The highly proficient athlete needs insight into and control



41

over such emotions as stress, anxiety and tension (Alderman, 1974;
Singer, 1972). Although there are definite differences to each of
these emotional responses, it is their similar effect on human
performance that is of interest here. Their debilitating somatic
states are familiar and include tightness of musc]gs, nervousness,
awareness of heart beat, sweating, upset stomach, shortness of
breath, blurred vision, disrupted co-ordination, and proneness to
injury (Kro11, 1980; Tutko & Tosi, 1976). It is the goal therefore
of the athlete to recognize the stressors of competition and to

be versatiie in anxiety management techniques, so that he/she may
prevent the onset of any of the above bhysica] disruptions. The
resultant behaviours can be very distracting and can rUin carefully

planned trials and tactical.manoeuvres.

Much debate has gone into the enquiry of the ideé] level of
arousal of athletes prior to and during performance (Bunker &
Rotella, 1978;-K]avora,'1980a). The "drive theory" model
suggests a simple linear re]atfonship between performance and
activation, whereas the "inverted U hypothesis" points to -an
optimum level of activation. However, absolute levels of arousal
might not be as important as the individua]‘s}pattern of arousal
change (Epstein & Fenz, 1962; Fenz & Epstein, 1969; Gissen &
Sapow, 1980; Landers, 1978). Task complexity may also play a
role in determining arousal requirements. High arousal has been
associated with a nérrowing of attention resulting in a decreésed

;ability to Yéspond to vital cues (Easterbrook, 1959; Nideffer, 1980b).



Kauss (1980b) suggested emotional "readying" prior to competition:

before trying to adjust the overall arousal level of athletes,
the diverse emotions of confidence, excitement, fear, guilt,
anger, aggression, ‘etc. should receive individual attention.
The old adage of having to “psych-up" every athlete before

competition is no longer found to be appropriate (Fisher, 1976b).

The motivational level of an athlete can mean thé difference
between winning and loosing. It is an elusive quality that first
causes the athlete tovselect a certain sport in preference for
another and then makes the person continue the activity with
vigour and enthusiasm, even under adverse conditions (Singer,
1980). Terms such as motivation, drive, commitment, and mental

. toughness are used to describe the psychological involvement

of an athlete making advantageous use of mental skills and
strategies. The incentives of achievement, power, and affiliation

are prime motivators in a sport situation (Watson, 1979).

There is a close connection between thought patterns and
behaviour. A negative mental attitude leads to self-depreciatory
feelings and loss of confidence which 1imit the person's
performance. Such an attitude interferes with the positive
motivation and healthy self-image neeaed for optimal performance.
Only positive and assertive thought processes, together with
realistic goal-setting will benefit the athlete and help him

attain superior performance.
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It must be emphasized that psychological training can only be

seen to complement the marafhoner's present physical capabilities.
Training can never supply what does not exist but can only build
upon prevailing qualities. Psychological conditioning may be seen
to "fine-tune" physical aptitude by allowing physical skills to
be exhibited and extended optimally. Rushall (1981) discussed the

principle of ba]anged preparation as it relates to athletes:

No Tonger can one seek simple, single
ingredients for coaching and teaching which
are believed to vastly affect performance.
The implication of this principle is that
training and teaching must integrate, with
the appropriate emphasis, the physiological,
biomechanical, and psychological factors
that govern performance. To emphasize one
area over another is an uninformed decision.
The content of training must emphasize the
three areas of applied sport science. If this
is done, the content of most training and
teaching programs will be vastly different
to those which are witnessed today. (p.31)

The endurance aspect of long-distance running allows the psychologist
to study the complex interaction between the mind and the body - /y
the marathoner being a willing subject to suffer through 42.2
kilometres of stress, pain, fatique, and boredom. The question on

the kind of thought processes that marathoners employ in order to

cope with this exhausting event has only been touched upon. In this

- study a model was estab]ished that links the athlete's mental

strategies to his/her perception of effort during the run. This model
then formed the basis for the further enhancement of performance by
steering the thought patterns and thought flow of the marathoner

'during training.



CHAPTER 2

MENTAL PRACTICE OF SKILL

N
Running is a skill that human beings learn very early in life.
Although running represents a highly complex skill, once learned,
it hardly needs any attention at all. The skill of running,
therefore, is not expected to be enhanced much through mental
practice. The task of running becomes automated and little
information processingvis required for its use in everyday
activities (Jones, 1979; Perry & Sacks, 1981). The emphasis during
a long-distance race, however, is on the maintenance of the
activity of running rather than the single execution of the

movement skill,

As the mental practice of skill knowledge rebresents the
beginnings of, the research into the mental facets of sporting
activities, it will be briefly reviewed in this chapter to

place subsequent research thrusts on the mental processes taking

place during the execution of a sport into perspective.

One is quite familiar with the sight of an athlete concentrating
before commencing a physical routine. During his mental rehearsal
he thinks about individual steps of his ensuing movements, makes
adjustments or alterations in his mind. Only then is he ready to

execute his performance "live".
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There is no doubt that physical practice leads to the attainment
of skills. Yet to what extent mental practice'can influence the
learning of motor skills has been the focus of attention of many

researchers over the past decades.

Not all motor tasks are characterized by the same degree of
"motorness" (Martens, 1971). It is not easy to find a motor skill
which may be designated as "purely motor", having no cognitiVe
component at all. On close examination it will be noted thaf
nearly all motor skills are in fact "perceptual motor skills"

and thus will entail cognitive featureé. Hence, it may be

assumed that theatquisition of a practical skill may be hastened

by mental practice.

Mental practice has been defined by Richardson (1967a) as "the
symbolic rehearsal of a physical activity in the absence of any
gross muscular movements" (p.95)} In the literature the technique
of mental practice has also been studied under the headings of
"symbolic rehearsal" (Sackett, 1935), "imaginary practice" (Perry,
1939), "implicit préctice" (Morrisett, cited in Corbin, 1972),
“covert rehearsal” (Corbin, 1967a), "conceptualizing techniques”
(Egstrom, 1964), "mental rehearsal" (Singer & Witkin, 1970), and

"psychomotor rehearsal" (Sterner & Carpp, 1977).

In order to obtain information on this issue of mental practice

on the learning of motor skills, a multitude of experiments has
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been undertaken on a wide range of skills, on diverse subjects

of differing abilities, and with a large amount of between-study
variation. This has often led to incongruous and often contradictory
results being reported in the literature. The general design of
studies exploring the efficacy of mental practice on motor
performance usually included four groups. The first group, the
control, did not-practise the skill at all, the second group
practised the skill physically only, the third group practised

the skill mentally only, while the fourth group practigﬁd the skill

both physically and mentally.

The early beginnings of menta1¥pra¢tice

One of the earliest and most important study on the effects of

mental p}actice was undertaken by Vandell, Davis, and Clugston (1943).
Thirty-six male subjects, made up of college freshmen, junior and
senior'high school boys, were divided into three separate experimental
groups, using the skill of darf-throwing in two and basketball
throwing in the third. The groups were matched on motor ability,

age and physique. Each experimental group was further subdivided

into a control, physical practice, and mental practice group. The
control group practised the motor skill only on the first and the
20th day, the physical practice group exercised the skill overtly

for 20 days, and the last group was introduced to the skill on the
first day, but then continued to mentally practise the skill for

15 to 30 minutes each -day until the final .test of ski]]a@guisition
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on the 20th day. Substantial improvements were accounted for in
both the physi¢a1 practice and mental practice groups. The dart-
throwing junior high school boys decreased their performance in the
control group by 2%, but increased their performance by 7% in the
physical practice group, and by 4% in the mental practice group.
The dart-throwing college freshmen showed no improvement in the
control condition, but increased their performance by 23% in the
physical practice condition, and by 22% in the mental practice
condition. The basketball-shooting highschool boys increased their
berformance by 2% in the control, as well as by 41% in the
physical practice group, and by 43% in the mental practice group.
The lack of statistical analyses and the very small sample sizes

in each group can be criticized, but the study sfimulated further

research.

The study by Twining (1949), using the ring toss as skill to be
learned, incorporated statistical analysis. He found that thé
physical practice group had improved by 137.3%, whereas the mental
practice group had improved by 36.2%, and the'control group, with

no practice over the 21-day period, by 4.3%.

The early research findings were reviewed by Richardson (1967a).
Despite shortcomings in design, the majority of studies showed a
definite improvement with mental practice of skill. Statistically
significant resu]ts due to mental practice techniques were found

in 11 studies, and a further seven indicated a positive trend.
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Negative findings were reported by three researchers and one study

was equivocal,

White, Ashton, and Lewis (1979), however, argued that later results

do not seem to be as conclusive. They stated that although Oxendine
(1969) found the combination of mental and physical practice to be
more time-saving and-effective than physical practice, mental practice
only sessions have been shown to accelerate learning of a motor

skill by Corbin (1967b) and Rawlings, Rawlings, Chen, and Yilk (1972),
but to have been only of minimal use in the studies by Corbin (1967a),
Shick (1970), Singer and Witkin (1970), and Stebbins (1968), and

hardly effective in the study by Smyth (1975).

Theoretical propositions

Much research hés concerned itself with the question whether
mastery of a motor skill is due to a central or a peripheral process
(Jones, 1965). Two main hypotheses have been proposed to explain

the Tearning effects of mental practice on the aquisition of motor
skills. Following Jacobson's (1932) electromyographical researéh,

a psychoneuromuscular theory was proposed (Arnold, 1946) which
suggests that thinking _about a movement caQ§g§_gctual,_Eggggh

minimal innervations in the muscles associated with the movement
S— It

U

of the motor skill. It is believed that this minute muscle activity

~—

provides sufficient kinaesthetic feedback to facilitate learning

transfer to the physical practice situation.
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The second hypothesis, the symbolic learning explanation, was

first offered by Sackett (19345 who assumed that a task could be
classified in ferms of separate diménsions such as motor and symbolic.
According to this explanation, mental practice can only enhance motor
performance if cognitive factors are present in the activity. This
concept received experimental support from Morrisett (cited in
Richardson, 1967b) who stated that the relative amounts of motor

and symbolic learning required to perform a skill will determine what
conditions of mental or physical practicé will be. most advantages.
Wrisberg and Ragsdale (1979) further supported the notion that

mental practice enhances motor activity as an increasing function

of the cognitive demand of the skill and that mental rehearsal has
more effect during the initial stages of practice when cognitive

or verbal activity is prevalent.

Fitts and Posner (1967) saw.skill Tearning to entail three phases,
starting wifh the cognitive phase, leading to the associative and
then to the autonomous phase. This implies that as the subject
improves on the skill being learned, his conscious involvement

decreases.

Many present theories of skill aquisition maintain that skill

learning is cybernetically controlled (Zecker, 1982), the most
important one being the closed-loop theory propounded by Adams (1971).
In order to make adjustments to movement, knowledge of results of

the past movement acts as feedback, guiding and altering the
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continuous movement of the motor performance. The closed-Toop
system allows for error detection and error correction while the

movement is in progress.

- Methodological considerations

When studying the results of experiments on mental practice of
motor skills, several methodological problems need to be considered,
some of which have been discussed in the reviews by Richardson

(1967a, 1967b), and Corbin (1972).

Most studies have not given sufficient importance to the instructions
delivered to the mental practice group. Subjects have often been

left to their own devices with minimal instructions on how to
mentally practice the skill., Seldom was a set of instructions

given as detailed as that of Whitely (cited in Richardson, 1967b)

for mentally practicing the skill of ball-throwing:

Try to see and feel yourself picking up
the ball in your hand, taking the ball
behind you as you transfer your body
weight backwards onto your rear foot in
preparation for the throw. Try then to
imagine the second part of the action,

in which having selected your point of
aim on the target, you complete the throw
with a forward twisting movement of the
body and a forward movement of the arm
and hand. Watch the ball during its flight;
remember the target has been dusted with
chalk and the place where the ball strikes
will remain clearly marked after the ball
has rebounded from the target. Give this
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- mark careful attention and in your next throw
try to make adjustments in your action and the
selection of your point of aim, which you feel
will result in a more accurate throw. I shall
stop you in 15 minutes time. Now quietly
concentrate. (p.268)

Besides verbal instructions being given to the mental practice |
group by the experimenter before the practice sessions, studies
have also made use Af films, film strips, direct observation of
the skill being performed by someone else, continuous oral

instructions or written instructions.

As it is often easier to mentally rehearse a skill more often'in a
given practice time than to physically execute the motion, a
further variable is introduced. In order to control for possible
variation, Start and Richardson (1964) issued an instruction

sheet containing a logical analysis of the gymnastfc movement which

was used in conjuction with oral instructions.

Due to the immense variation in practice time per session used in
the experiments, the question of an optimal length for practice
sessions arises. Investigators should be aware of the phenomenon

of reactive inhibition and try to minimize the effect of distraction
due to loss of concentration in a lengthy mental practice trial
session. From the study by Twining (1949) it seems that sessions
should not last beyond 5 minutes. A Toss of motivation may also

be experienced by subjects if the trial sessions follow each other

too closely without adequate breaks (Gilmore & Stolurow, 1951).

-
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Ljnked with_the prob]em of the optimum length of practice trials is
the amount of days, weeks or months that the practice should

extend over. Results from 1-day studies have often been compared
with several week-long studies without consideration for possible
paradoxial distance effects whereby decreases in performance

level may result (Corbin, 1972).

Skills may be described as ideational (including mirror-drawing,
maze-tracing etc.), perceptual motor, or solely motor, and it is
perhaps the skill specificity that may determine the way in

which mental practice can facilitate performance. Ryan and Simons
(1981) found that on a motor-cognitive continuum, the skills close
to the cognitive end of the continuum could be enhanced through
mental practice,“whereas the skills lying near the motor end of
the continuum showed 1ift1e or no resultant improvement after

mental practi&e.

When drawing conclusions on the effectiveness of physical and/or
mental practice on the learning of a motor skill, due consideration
should be given to the individual differences of the subjects
partaking in the experiment. The amount of previous experience of
the skill under study was shown to have a direct influence on the
effectiveness of mental practice (Corbin, 1967a, 1967b). This
influence was shown to be significant only with complex motor
-sk111s (Phipps, cited in Corbin, 1972). Intelligence scores, within

the range used, were not found to be indicative of ability to
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enhance performance through mental practice (Oxendine, 1969).
Studies trying to elicit the relationship between ﬁerformers'
high motor abi]ity and their capacity to‘utilize mental practice
moré advantageously have not brought forward conclusive results.
The study by Wichman and Lizotte (1983) demonstrated that
improvement on dart-throwing after mental pracficg was greater
for subjects with an internal than with an external locus of

control,

Imagery and mental practice

The role of imagery in mental practice studies has not been that
widely studied yet. Several books have been written on how to
improve certain sporting skills through imagery; based on
personal experience. Publications like "Better golf without
practice" by Morrison (1940), "Golf my way" by Nicklaus and
Bowden (1974), "Fosbury on flopping" by Fosbury (1974), "The
inner game of tennis" by Gallwey (1974), and "Inner skiing" by
Gallwey and Kriegel (1977) brought the idea of mental practice

into public focus.

In a controlled study by'Start and Richardson (1964) it was found
that neither vividness nor controllability of imagery could

~ predict performance of a mentally rehearsed gymnastic skill.
Interestingly, though, when the two variables were coupled, subjects

with vivid, controlled imagery benefitted significantly from mental



practice. Contrary to these findings, Rawlings and Rawlings (1974)
suggested that visual imagery control was an important factor in
the effective mental practice of a motor skill. Inhibitions
developed during the mental practice.session were believed to
cause the improvement in performance in the rotary pursuit

tracking task.

Marks (1977) performed a laboratory study on the efficacy of
mental practice, also using a rotary pursuit tracking task and
reported that subjects with vivid visualizing ability, as

measured by a questionnaire (Marks, 1973), experienced significant
benefits in the mental practice of this physically demanding
psychomotor skill. This finding was substantiated by Ryan and

Simons (1982) using a novel ba]ahcing task.

White et al. (1979) suggested that their significant correlation
between kinaesthetic imagery and improvement of an action-reaction
swimming start may be explained in terms of Schmidt's (1975)

schema theory:

One may speculate that the more clearly
or more accurately, the person can
imagine the particular series of actions
involved, the more efficiently may he/she
mentally practice them and smooth out
the minor, or major, flaws in the action
plan or schema. A poor image of the
actions would be a degraded blueprint
with the essential parts missing or so
out of focus that the plan cannot be
read off quickly and efficiently. (p.76)
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In summary, there seems to be overall agreement that mental
practice can enhance skilled motor performance, but for this to
occur, practice conditions need to be optimal. Knowledge of
this mitigating factor will ultimately determine the potential

value of mental rehearsal in skill aquisition.

The reason for the diverse nature of skill research, which today

is as multi-faceted as the definition of skills, is given by

Adams (1971):

Instead of starting with ideas about

the laws and theory of movements and
then finding the best situations in
which to test them, investigators of
skills have often started with tasks
that looked skillful and, by studying
them, hope to arrive at laws and theory.
This approach is backwards for scientific
productivity because it results in
disconnected pockets of data that lack
.the unifying ideas that are general
scientific principles. (p.112-113)
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 CHAPTER 3

PSYCHOLOGICAL TRAINING TECHNIQUES

While research into physical training techniques has been a
Tong-standing and on-going process and has contributed to the
rapid development of superior performance in many sports,
research into the mental preparation of athletes for competition
has been remarkably slow. But the situation is changing rapidly
and sport psychologists are focusing their attention on the
transference of traditional relaxation téchniques and cognitive

strategies from the clinical setting to the sporting realm.

The term "psychological preparatibn“ was first used in the
Russ{an sport literature in the 1960s by Roudik and Puni
(Vanek & Cratty, 1970). This term denotes the psychological
training for a specific sports event, whereas the general
psychological preparation of the athlete was given the term

“volitional-moral preparation".

Since then, the sport psychological literature reveals a
multitude of references on the importance of including a
psychological training programme into the physical regimen

of the athlete (Singer & Kane, 1979).

"Mobilization readiness" (Genov, 1976), "psycho-emotional
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readyihg proceddres“ (Kauss, 1980a), "psycho-regulative procedures"
(Schilling, 1980), "mental fitness" (Taylor, 1981), "psychical
fitness" (Geron, 1976), "psyching-up strategies" (Weinberg, Gould

& Jackson, 1980), "psychological momentum" (Hoffman, 1983; Iso-Ahola
& Mobily, 1980), "fine-tuning" (Wenz & Strong, 1980) is some of the
phraseology used when dealing with aspects of the athlete's

‘psychological preparation for competition.

Suinn (1980c), in an analysis of principles and applications

related to spofts performance, described certain "correct responses"
that are required of the athlete if he is to perform well. Correct
responses are listed to be dependent on the following: isolated

motor responses, preparatory or arousal responses, adapting responses:
]inkﬁng responses and cognitive or thought responses. Current
psychological approaches to enhance these responses include
progressive relaxation, systematic desensitization, autogenic
training, meditation, hypnosis, biofeedback, mental imagery, and
self-talk which will be discussed under separate headings in this

chapter.

From the results 6f a questionnaire drawn up to tap information
regarding the use of clinical psychology in the sport setting,
Ogilvie (1979) disclosed that the problems sport psychologists have
been most frequently called upon to treat related to, amongst others,
pre-start tension, 1ack.of concentration, stagnation in performance,

achievement motivation, fear of success, mental blocks and loss
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of se]fjconfidence, When sportsmen receive psychological "treatments",
Weingarten (1982) reported that they reject extreme clinical
procedures and prefer those connected with their body. This is seen

to be natural as it is their physique that is held in highest esteem.

The following relaxation and psychological training techniques
represent a general division of procedures employed to manage
anxiety and enhance the athlete's performance. There is much overlap
amongst the techniques described, and their efficiency in sport
psychology need further verification. The current research undertaken
with these methods has relied on small samples, often individual
case studies have been cited, and control and placebo groups have,
too often, been conspicuously absent. However, testing certain
psychological training methods is made difficult by the fact that

it is problematic to control for variables such as fluctuations

in physical fitness, changing competitive environments, and the

strict application of only one training technique.

Different athletes have different requirements, some being more
affected by cognitive strategies, others more by emotional factors
(Lanning, 1980). Therefore, the athlete needs to be acutely aware
of his individualistic needs when applying any one of the multitude
of psychological training methods or recently produced "training

packages" offered to him.



PROGRESSIVE RELAXATION.

The history of relaxation training goes back to the pioneering work
of Jacobson (1929) who developed a relaxation method to relieve
anxiety and tension, originally for hospital patients. In the

preface of his classical book "Progressive relaxation" he wrote:

There has been a long-felt need on the
part of the medical and surgical profession
for a method of study and management of
the nervous element that appears in a
large variety of diseases. Less clearly
realized has been the want of an approach
to problems of fatique, debility and
lowered resistance occurring in patients
who are not properly called neurotic but
whose energy output in muscular terms
might properly be economized in the
interests of their general state of
health.... In what direction is it more
natural to look in order to meet the
foregoing problems than that of rest?
Rest has been found useful in treatment
throughout the practice of medicine.
Nature often enforces it where the
physician does not order it. (p.iv)

Jacobson evolved a method whereby the neuromuscular sy;tem,

as well as the mind, could be brought to rest through an extreme
degree of relaxation. Relaxation of a muscle group was found to
be physio]ogica]]y incompatible with contraction of that same
group, and therefore relaxation training was seen to combat the

anxiety response by eliminating tension in the muscles.

Jacobson observed that a tense patient, apparently in a state of
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rest, will continue to show signs of mental activity, anxiety or
other emotional arousal by breathing irrégu]ar]y, fidgeting or
uttering unneccessary speech. Such a person will retain symptoms
of nervousness and fatique even after several hours of quiet. The
~ person who is unprécticed in the technique of relaxation will show
external bodily signs of "residual tension" brought about by fine
tonic contractions of the muscles. Reflex activities such as
wrinkling the forehead, frowning, rapid eye movements, frequent
winking, and restless shifting of a part of the body may be

noticed.

It is often not sufficient to tell an athlete who is suffering
from anxiety to just relax because usually the individual does
not know how, nor may he/she be able to detect which muscles in

" the body are tense. "Cultivated” relaxation, as opposed to
"ordinary" relaxation aims first to teach the person to relax the
voluntary system of the body which later leads to the quiescence
of the vegetative system, resulting in the subsiding of the
emotions. Under suchvconditions of rest, the pulse rate returns.
to n9rma1, the breathing becomes more regu]af, the knee-jerk
diminishes, the oesophagus relaxes, and mental and emotional
activity become minimal. This pleasant and restful state may

lead to natural sleep.

Jacobson taught his patients to recognize the presence of

muscular contractions, no matter how minimal they were. In order
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to help the subject locate certain tensions in the body, Jacdbson
suggested that a "muscle sense" be cultivated whereby only one
muscle group be contracted at a time, and then be allowed to relax
before moving i.e.vprogressing to the next muscle group. Once
proficiency was attained, the contraction phase was eliminated

and attentién was given only to the relaxation phase. Contraction
in the early phases of fhe method was used to indicate that
“progressive relaxation is not subjectively a positive something,
different from contraction, but simply a negative"'(Jacobson,
1929, p.49) and that the act of relaxation did not involve the

application of effort.

Patients who managed to attain a high skill in progressive relaxation
reported that with complete ocular relaxation, they experienced
the disappearance of mental activity, thought procesées, and

emotional imagery.

Jacobsoﬁ's fraining schedule was extremely time-consuming and
detailed: it entailed 15 different muscle groups undergoing
progressive relaxation over 50 - 200 session§. Wolpe (1958, 1969),
who incorporated Jacobson’s relaxation technique in the context
of behaviour therapy, shortened the technique substantially. This
shortened version forms the basis of most of today's relaxation
procedures which have been adapted to suit specific circumstances

and individuals (Franke, 1982).

It is recommended that subjects at first lie comfortably on their
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~ back with their arms at their sides and with legs uncrossed, but
a sitting position or any alternative comfortable position may
be adopted at a later stage with no decrease in results (Wolpe &

Lazarus, 1966).

Although the exercises in the relaxation training appear very
simple, the essence lies in their regular practice over weeks or
months. With dedicated practice, progressive relaxation can be

a powerful dominant response in a stressful sporting situation.

A sample set of instructions, developed by Steinmetz (citéd in

Greenberg, 1983), is given below:

Now, as you relax, clench your right fist,
Clench it tighter and tighter, and study the
tension as you do so.

Keep it clenched and feel the tension in
your right fist, hand and forearm.

Now relax.

Let the fingers of your right hand become
loose.

Observe the contrast in your feelings.

Now, let yourself go and try to become more
relaxed all over.

Once more, clench your right fist really
tight.

Hold it, and notice the tension again.

Now, let go, relax, let your fingers
straighten out.

Notice the difference once more.

Now repeat that with your left fist. (p.160)

Progressive relaxation has been found to be very beneficial in
the sporting environment where athletes are exposed to extreme

stress before and during competition. The method is experiencing



a new growth period in the field of sport psychology (Fisher,
1976b}.

The great advantage of the method of progressive relaxation is
that the athlete is in full control over his own relaxation. In
endurance events such as long-distance running it has been
found that high levels of tension prior to and during the race
can have a detrimental effect on the athlete's performance
(Oxendine, 1976). By utilizing this technique the athlete is in
a position to check and adjust the tension in the body or in a
specific group of muscles and, thereby, assume an active role
in the control of his level of arousal. Many athletes also use
progressive relaxation to get to sleep the evening before a

competition.

Jacobson's technique has been employed in studies on individual
athletes as well as on sports teams with beneficial performance
changes (Franke, 1982; Nideffer & Deckner, 1976). Progressive |
relaxation is often not used in isolation, but combined with
other mental rehearsal and imagery techniques to facilitate
optimum performance (De Witt, 1980; Gravel, Lemieux & Ladouceur,

1980; Suinn, 1980c; Wenz & Strong, 1980).

SYSTEMATIC DESENSITIZATION

Systematic desensitization is a behaviour modification procedure

63



64

derived from classical conditioning. Developed by Wolpe (1958),
it is primarily used by clinical psychologists and psychiatrists

to treat fears or phobias.

The object of the procedure is to diminish a maladaptive response
by cohcentrating on an antagonistic response. The relaxation
_-response is seen to be incompatible with the anxiety response,
i.e. a person cannot be relaxed and tense at the same time.
Therefore, during the process of desensitization, the patient is
first introduced to relaxation training eg. Jacobson's (1929)
relaxation technique, and learns to alternatively tense and

relax various muscles. The next step in systematic desensitization
is the establishment of an "anxiety hierarchy" consisting of a
Tist of stimuli that produce the anxiety, which are ranked in

order from the least fearful to the most anxiety eliciting item.

During the desensitization procedure, the patient sits comfortably
in a chair, with eyes closed, while being asked fo visualize the
first scene of the hierarchy list. Shou]d'no noticeable anxiety be
experienced, the therapist describes the next item on the Tist. No
move to the next stimulus of the hierarchy is made before the
patient can cope with the given anxiety cue. Gradually, the patient
is able to pair relaxation with strong anxiety-eliciting cues
without feeling aroused (Kazdin, 1977). Finally, once the patient
has managed to eliminate the anxiety response in the laboratory
setting, transfer to the real 1ife environment of the feared stimuli

needs to be undertaken.
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Systematic desensitization may also be successfully used in a
sport setting (Bauer, 1977; De Witt, 1980; Spinelli & Barrios,
1980; Ziegler, 1978). Some athletes need to lessen their anxiety
with a method other than basic relaxation, which might not
sufficiently reduce the extreme anxiety experienced. The trauma
of a past injury received durihg the sporting activity or the
phobia of performing in front of a large spectator croWd can
adversely affect an athlete's performance. The deconditioning
process of systematic desensitization may be an effective remedy

of helping the athlete perform to his/her optimal capacity.

A sample of an individualized anxiety hierarchy for a
marathon runner, who experiences serious, debilitating anxiety

symptoms at the start of every important race, could look as

follows:

1, Driving to the stadium
2. Observing the crowds of people from a distance

3. Seeing other racers warm up

E=

Recognizing opponents

. Warming up

Hearing the first call-up through the loudspeakers
Moving towards the sfarting line

Tremor in hands and legs

O 0 ~N o

Shortness of breath

10. Palpitations of heaft
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11, Standing in the midst of the noisy competitor crowd

. 12, Hearing the shot of the start of the race.

Panic before or during a competition uses up valuable energy, which
cannot be afforded. Through gradual exposure to the anxiety

stimuli the athlete is taught to relax and conserve enery for the

run.

AUTOGENIC TRAINING

Autogenic training may be considered a relaxation procedure with a
unique theory and procedure. Around the turn of the 19th century,

the brain physiologist, Oskar Vogt, noted that patients were able

to put themselves. into a state similar to the hypnotic state and
report decisive recupérating effects. The condition of “autohypnosis"
brought about a decrease in fatigue, tension and psychosomatic

disorders.

In the 1950s the German neurologist and psychiatrist, Johannes
Schultz, noted that his hypnotized patients experienced two types
of sensation: a feeling of heaviness in the limbs and torso, and
~a feeling of agreeable body warmth. This correlation suggested
that a state similar to that of hypnosis might be induced by
_concentrating on heaviness and warmth in the extremeties. Based

on the observations of Vogt, Schultz (1953) developed "autogenic
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training" using six standard exercises orientated towards the

body and further meditative exercises orientated towards the mind.

‘The feeling of warmth was ascribed to the dilation of the blood
vessels with a resultant inérease in blood flow, while the
sensation of heaviness is due to the re]axation of muscle groups.
As both these phenomena are e]ehents of the relaxation response,
autogenic training has become a very useful relaxation technique
‘. for people having to cope with stress. Originally, the technique
was employed on neurotic patients, but through the descriptions
of Schultz's student, Luthe (1962, 1969), it soon became popular
among healthy individuals who sought to regulate their

physiological and psychological procesées.

Extensive experimental tests have been undertaken to verify the

physiological processes taking place during autogenic training

(Cratty, 1983). Physiological changes that accompany the technique

include alterations in body temperature, blood sugar, blood
pressure, white blood cell count, respiratory and heart rate,
generation of alpha waves, and skin resistance (Hendricks &

Carlson, 1982; Luthe, 1969).

The six "standard exercises" of autogenic training that precede
the second phase of autogenic meditation should be practiced in
a quiet surrounding, either in the reclining or seated position,

with eyes closed. The first exercise focuses on the sensation of

.



68

heaviness in the arms and legs, the second exercise focuses on

the sensation of warmth in the arms and Tegs, the third exercise
focuses on the sensation of heaviness and warmth in the area of
the heart, the fourth exercise concentrates on the process of
breathing, the fifth exercise focuses on the sensation of warmth
in the abdomen, and the sixth exercise focuses on the sensation of

coolness of the forehead.

Successful use of Schultz's technique of autogenic training
_initially depends on the effective instructions of an experiencéd
clinician, and on the high motivation and co-operation of the
subject, who should be reasonably intelligent, be able to

concentrate intensely, and be reasonably suggestible.

Sample instructions for each of the six exercise stages are given

below:

Stage 1: Heaviness

My right arm is heavy

My left arm is heavy

Both of my arms are very heavy
My right leg is heavy

My Teft leg is heavy

Both of my legs are very heavy
My arms and legs are very heavy

Stage 2: Warmth
My right arm is warm
My left arm is warm
Both my arms are very warm
My right leg is warm
My left leg is warm
Both of my legs are very warm
My arms and legs are very warm
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Stage 3: Heart
My heartbeat is calm and regu]ar (repeat four or
five times)
Stage 4: Respiration
My breathing is calm and relaxed
It breathes me (repeat four or five times)

Stage 5: Solar plexus
My solar plexus is warm (repeat four or five times)

Stage 6: Forehead

My forehead is cool (repeat four or five times)
(Greenberg, 1983, p.148-149)

The second phase includes instructions for the self-regulation of
the mental state, in Which the individual visualizes colours

and people and himself in various situations with different feelings.

Although it usually takes several months to become proficient in
vthe use of autogenic training, once mastered, it is especially
useful for fast relaxation in a competitive environment. For this
reason it has found new and effective application in the realm of
sport (Mihlen, 1974; Reschetnikow, 1980; Schilling, 1980). With
continued practice, even short autogenic phrases, such as "I feel
strong, relaxed and in control” before or during competition can
bring about the desired relaxed state of mind and body (Wenz &

Strong, 1980).

As autogenic training is a relaxation technique, several modified
versions have arisen to allow it to be integrated with various

other readying techniques (Cernikova & Daskevic, 1972; Frester, 1972;
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Machak, cited in Vanek & Cratty, 1970; Schmidt, 1971). Also
related is the Russian adaptation called "psychical self-
regulation" (PSR), a method designed to allow the athlete

to mentally regulate certain physiological fuhctions (chkman,

1980) .

MEDITATION

The roots of meditation are to be found in the Eastern religions
of India and Tibet some 4000 years ago; but the practice of
meditation in the West has been popularized since 1959 mainly

due to the efforts of the Indian Guru, Maharishi Mahesh Yogi,

who developed a simple form of meditation that anybody can

easily learn, called "transcendental meditation" (TM). The
technique was designed for the individual living in a stressful,
competitive city environment. The different meditative systems,
including Yoga and Zen, involve various techniques for attaining
their goal. These include breathing exercises, focusing attention
on an object, or repeating a mantra, the secret Sanscrit syllable

assigned by a teacher.

Layman (1978) pointed to various common features among the Oriental

approaches to meditation:

As far as technique is concerned, all stress
the importance of an erect posture permitting



71

deep and easy breathing, and all state
that the meditative position should be a
relaxed one. All stress that meditation
is in terms of contemplation of concrete
sensory images rather than engaging in
reflective thinking or Togical reasoning.
A11 seek to develop awareness of the
present, with lack of concern for the
past and future, and all provide training
in concentration of attention. A1l are
based on a theory of the unity of all
aspects of the universe, and see meditation
as a means of increasing awareness,
eliminating illusory thinking, stilling
the mind, stabilizing the emotions, and
making more energy available for the
activities of life. (p.267)

Although most of the meditational systems form part of a religious
dogma, the techniques may nevertheless be practised independently

for the benefit of relaxation and optimizing performance.

Early research into the physiological effects of meditation was
undertaken on the Indian yogis and Zen masters (Anand, Chhina &
Singh, 1961; Katsamatsu & Hirai, 1966). Recent scientifically
controlled studies have reported the following physiological changes
due to meditation: deﬁreased oxygen Consumption, lowered heart
rate, respiration and blood pressure, deéreased galvanic skin
response, lowered metabolic rate, increased blood flow in
peripheral muscles, and the appearance of Alpha waves (Allison,
1970; Goleman & Schwartz, 1976; Kanellakos, 1976; Layman, 1978;
Orme-Johnson, 1973; Wallace, 1970; Wallace & Benson, 1972). The
changes noted are opposite to those induced by a stressful eQent

(Bloomfield, Cain, Jaffe & Kory, 1975).
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According to Layman (1978) neuro]ogica] research on meditation
:. points to the actiVéfion of the non-dominant hemisphere of the
cerebral cortex which is involved in intuitive thought, perceptibn,
kinethesis and spatial motor behaviour, which could indicate a

relationship between meditation and sporting performance.

Besides reducing anxiety, meditation has been shown to be

related to an internal locus of control, greater self-actualization,
more positive feelings after a stressful event and improvement

in sleeping patterns (Greenberg, 1983). It.is,-therefore, not
surprising that meditation has been applied extensively in a

sport setting (Herrigel, 1953; Reddy, Bai & Rao,.cited in Layman,

1978; Rohe, 1974; Spino & Warren, 1979).

Meditation may be particularly useful to athletes who need to
maintain control over fine motor co-ordination and timing
(Nideffer, 1981). During meditation the individqg] learns. to
avoid distractions by concentrating on some sensory image or
on the repetitive mantra. The ability to attend passively to
distractions may be utilized by the runner in a competitive
situation to focus his/her attention back to counting, pacing

and relaxed breathing.

HYPNOSIS

The development of modern hypnosis as a field of study about



200 years ago is generally attributed to Franz Anton Mesmer, who
claimed that an animal f]uid, a life force akin to magnetism,
flowed between patient and magnetist and coﬁ]d help bring about
cures. Only later was it recognized that the hypnotic effect

was a result of suggestions given to the patient.

Although hypnosis has been associated with the mystical, the

strange and the sensational, it has in recent times found widespread
application in the medical and psychological field (Coe, 1975).

By accepting suggestions during hypnosis patients have been

treated for chronic anxiety, tension, insomnia, addictions,

obesfty, and cigarette smoking. Hypnosis has also been found

helpful in re]axing patients before an operation, and aé a method
- to fe]ieye pain. Other hypnotfc experiences iﬁc]ude phenomena

such as-distortion‘of perception and memory, hallucinations,

amnesia, and age regression.

Despfte extensive research, there is no sing]y accepted theory

on the altered state of awareness experienced during hypnosis
(Barber, Spanos & Chaves, 1974; Coe & Sarbin, 1977; Hilgard, 1977;
Orhe, 1977).

The essential characteristics of most induction procedures are
the continuous, repetitive verbal suggestion of the hypnotist
leading to relaxation, focusing on the hypnotist's voice, feeling

of drowsiness and heaviness of the eyes. The lethargy of the
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initial stages gives way to a hypnotic state in which the subject
is responsive to the hypnotist's requests. While under the "control"
of the hypnotist, the person can adjust such involuntary responses

as respiration and heart rate (Barber, cited in Fisher, 1976a).

Pulos (1980) believed that when psychological factors play an
inhibitory role, hypnosis can be helpful in relieving anxiety,

building confidence, and increasing motivation:

In the hypnotic mode, the conscious,
critical mind interferes less and the
powerful forces of the subconscious

can be mobilized much more easily so

that a more natural flow of the desired
physical skill can take place. Thus
overcoming the limitations of the
conscious mind is a recurring theme of
this approach in introducing the hypnotic
mode to the athlete. (p.148)

During hypnosis people respond to suggestions in such a way

that allows them to experience events as if they were actually
happening. .This phenomenon has found useful application in the
sporting field (Morgan, 1972). Johnson (1976) pointed to the fact
that experiments with hypnosis are not limited to those trying

to elicit greater achievement from athletes, but have also
concerned thémse]ves with neuromuscular and psychological problems
thé athlete might be experiencing which hinder the athlete from

performing optimally.

Sport psychologists have used hypnotic time regression successfully
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by focusing either on past optimal performances of the athlete or
- by rehearsing the athletic skill and noting fncorrect responses
~which, too, are reproduced during visualization, and, therefore,
become amenable to change (Johnson, 1961, 1976; Nideffer, 1981;
Pressman, 1980; Pulos, 1980).

Some athletes reject the process of hypnosis as a training
technique because they see it as a performance manipulation by
an outsider and prefer to attribute their success solely to their

own endeavours (Butt, 1976; Vanek & Cratty, 1970).

BIOFEEDBACK

Biofeedback is indicative of a stimu]us-response approach to
research and may be seen to have evolved from the scientific

fields of psycho-physiology, learning theory and behaviour therapy.
Katkin and Goldband (1975) defined biofeedback as follows:

Biofeedback refers to any technique that
uses instrumentation to provide a person
with immediate and continuing signals
concerning bodily functions of which

that person is not normally conscious.
Usually, biofeedback connotes external
feedback from visceral organs such as the
heart or blood vessels, but it also
refers to feedback from any physiological
function, including central nervous ~
system activity (brain waves) and
peripheral striate muscular activity. (p.537)
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By observing biofeedback instrument readings, the subject can
~ detect the effect of different feelings, thought processes, and

sensations on the physiological functions of the body.

The application of feedback in the past has been mostly directed
towards the treatment of specific disorders, such as headaches,
hyperten§ion, asthma, and psychological complaints of anxiety and

tension,

- Although: this technique of biofeedback has only recently found
relevance in the field of sport in the West, much work has been
done in Eastern Eﬁrope and the Soviet Union in the past decades
using biological monitoring devices to objectively assess
emotional arousal states of athletes (Cratty, 1983). Biofeedback
offers a means of adjusting anxiety levels to allow for a

desired, optimal performance.

Early research in biofeedback was directed towards the

demonstration that body processes previously acknowledged to be
involuntary could, in certain circumstances; be brought under
voluntary contrq]. It was established that subjects could influence,
amongst others, heart rate, blood pressure, brain waves,

galvanic skin response, blood flow, gastro-intestinal functions,
breathing, and muscle tension (Green & Green, 1977; Kamiya, 1968;

Kimmell & Hill, 1960; Shearn, 1962).

An accepted explanation of the biofeedback process is detailed by
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Ziegler (1978). The subject's attention is diverted from the
source of stress to the internal body feedbaék. This new focus
helps to reduce the arousal output to the internal organs and
decreases tension‘in the muscles, with a concomitant stimulation
decrease to the central nervous system. The repeated cycle of
events conditions the central nervous system to cope with more
stress and enhances the memory_functiqn to elicit the

relaxation response.

Instruments involved in biofeedback training include the
thermister for skin temperature feedback, electromyography (EMG)
to measure muscle activity, electrocardiography (EKG) to measure-
heart rate, electroencephalography (EEG) to indicate brain

wave frequencies, and the Galvanic skin response (GSR) a;paratus
which measures palmar sweat gland acfivity. The ultimate goal,
though, of biofeedback training is the voluntary self-regulation
of physiological processes without the help of instruments.

The equipment is to be used as a training device and is not
designed to be utilized on a routine basis during stressful

situations in the sporting arena.

Biofeedback may teach the athlete selective control over
physiological processes and be considered a useful supplement

to fe]axation training, systematic desensitization, or cognitive
training (Bauer, 1977; Benson, 1975; Blanchard & Epstein, 1978;
De Witt, 1980; Wenz & Strong, 1980). |
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MENTAL IMAGERY

Mental imagery may be viewed as the visual copy of a memory,

or objects, or pfocesses which is experienced without the
equivalent sensory stimuli being present again. The concept of
mental imagery and its related terminology such as mental
pr;ctice, mental vision, inner seeing; visualization, the

mind's eye, covért imagery, and the Russian term ideomotor
training, has received much attention in the past in philosophy,
medicine and psychology. Sheehan (1978), in hfs study on mental
imagery, finds it disappointing that, although the existénce of

imagery is undebatable, we are still unable to define its nature.

Clinical use of predetermined imagery has found considerable
application in the field of cognitive behaviour modification

| (Cautela, 1970; Lazarus & Abramovitch, 1962; Paul, 1966; Wolpe,
 1958). The early research by Jacobson (1930) contributed
extensively to the understanding of mental imagery, by revealing
that visualization and muscular activity occurred concurrently.
The mental imagery of running, for example, causes minute, though
measurable tension in the muscles of the leg. Later studies have
confirmed the simultaneous autonomic activity with covert imagery

(Barber & Hahn, 1964; Craig, 1968).

Although visualization techniques have been practised for a long

time, they have only recently been introduced on a formal and

)



controlled basis to thé environment of sport. The initial
studies on mental imagery concerned the mental practice of motor
skills; the detailed review by Corbin (1972) indfcating that
mental rehearsal could, in cases, positively influence motor
skill performance (see Chapter 2). Yet Silva (1982) has pointed
to the difference between thesé studies and the use of mental

imagery techniques in clinical psychology:

In most physical skill research mental
rehearsal is often utilized exclusively
as the intervention strategy to improve
behavioral output or performance. What
was actually rehearsed or covertly
conditioned has often been poorly .
defined and seldom systematically
controlled by the experimenter....
Cognitive intervention in clinical
settings often occurs over a period of
weeks or months. Most physical skill
studies provide very short-term
intervention sessions, and a one-treatment
approach is not uncommon. (p.445)

As it is highly unlikely that any athlete does not make use of
some‘form of mental imagery in training for his performance, -
"imagination is probably the most widely applied mental tool

in modern sports" (Hickman, 1980, p.119). Yet this does not
imply that the athletes are using the correct or most beneficial

mental imagery in their preparétion for the sporting event. For

mental imagery to make a contribution towards optimal performance,

it needs to be controlled, modified and elaborated, and be
practised like a skill (Syer & Connolly, 1984).v0n1y then can

the use of mental rehearsal hope to. enhance performance.
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(
Some basic principles of mental imagery rehearsal in regards to

sport training have been given by Liebetrau (1982):

1. The athlete should have some previous experience
in the sport. Mental practice, therefore, shodld
not be used to teach an athletic skill.

2. Mental imagery rehearsal should not be used in
isolation, but rather as a vital adjunct to physical
practice.

3. The continuous mental imagery rehearsal of a certain
action can lead to automatic, intuitive performance
that often results in superior achievement. During the
visualization process the athlete can practise a
variety of movements, and condition himself to novel
competitive situations without actually previously
encountering them.

4, Another use of mental imagery rehearsal is the detection
and analysis of certain weaknesses in style or strategy,
without having to.make-ﬁistakes in an important
competitive event.

5. Tense-scene mental imagery should only be used during
practice sessions in order to highten arousal or
aggression, if needed, but would act as a distraction
if used during competition.

6. During mental imagery rehearsal the athlete can imagine
himself going beyond his physical practice results and

thereby not limit his expectations for future performances.



Mental imagery of various kinds and in various forms have been

utilized to help the athlete become a better performer. Hickman

(1980) described a typical training method which should help the

athlete create appropriate task-related visual imagery:

10.

11,
12.

13.

. Choose a time and place in which you will
‘be undisturbed for 15 m1nutes and assume a

comfortable posture.

Close your eyes, breathe deeply into the
chest and abdomen, and relax completely for
two or three m1nutes

. Create a blank white screen in your mind,

focusing on it very clearly.

. Imagine a circle which fills the screen

and slowly make the circle blue.

Develop as rich and deep a blue as possible,
then slowly change to another color,
repeating this procedure through four or
five colors.

. Allow the images to disappear, relax, and

observe the spontaneous imagery which
arises.

. On your blank screen, create the image of

a glass (a simple object), develop it clearly
in three dimensions, fill it with a colorful
liquid (1ike coffee or kool-aid), add some

ice cubes, insert a straw, and write a
descriptive caption underneath.

Allow the image to fade and repeat the process

" with other objects (choose items associated

with your sport).

Relax and observe the spontaneous imagery which
arises.

Select a variety of scenes and develop richly
detailed images of them (practise with sport
related environments such as a swimming pool,
a track, etc.).

Relax and observe.

Practise visualizing people, including
strangers, close friends, and yourself.

To end each session, breathe deeply three
times, slowly open your eyes, and adjust to
the external environment. (p.120-121)
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The afore-mentioned visualization technique is seen to be directed -



outwards, in contrast to the inner directed visual imagery

experience described by Murphy and White (1978). Athletes have

claimed that they sometimes focus on their own organs, muscles and

blood vessels, and that this "inner seeing” allows them to have

some control over their physiological processes.

When reviewing the sport literature, it may be evidenced that
many mental imagery-rehearsal techniques have lately sprung to
the fore and are being offered to the athlete for improving
performance. Many use varipus cognitive adjustment procedures in
combination with relaxation techniques (Gordon, Pfost & Stevens,

1982; Long, 1979; Smith, 1979).

The cognitive intervention procedure for the enhancement of sport
performance by Silva (1982) entails three phases. During the
initial phase the researcher tries to identify a cognitive sei
that is believed to be)the cause of inappropriate responses or
dissatisfactory performance. In the second phase, called the
restructuring phase, the athlete needs to accept that certain
images or thought processes éan have negative performance
consequences and; therefore, must be replaced by more productive,
cognitive ideas. Only énce the athlete demonstrates a belief

in the necessity of such a modification, Silva insisted, may

the ensuing covert conditioning prove to be effective. During

the last phase, self-instructional imagery is paired with

concentrative cues.
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Visuo~-motor behaviour rehearsal

A technique known as visuo-motor behaviour rehearsal (VMBR),
which was developed by Suinn (1972b) and first applied in a
sport setting to help skiers manage their pre-competition
anxiety, has received much attention (Gravel et al., 1980;

Hall & Erffmeyer, 1983; Lane, 1980; Noel, 1980; Spinelli &
Barrios, 1980; Weinberg, Seabourne & Jackson, 1981). The first
step in the comprehensive training programme involves the
teaching of an abbreviated version of Jacobson's (1929)
proéressive relaxation technique. The athlete needs to be

aware of tensions in his muscles and have a method at his
disposal to physically and mentally monitor his afousa] response
just before or during the stress of competition. Once the
athlete has mastered the relaxation exercises, he §hou1d use
mental imagery to rehearse his athletic skill. Suinn (1980b)
believed that the imagery experienced during relaxation is more
than just a visual phenomenon, but is also a "tactile, auditory,

emotional and muscular" (p.308) experience.

To show that the imagery during VMBR lies on the reality end of

a continuum of imagery, with dream imagery on the far end, EMG
measurements were recorded of an alpine skier while he visualized
completing his ski course. Jumps and turns, which require extra
muscle activity, showed up with increased EMG recording activity

measurements (Suinn, 1980c). Suinn (1980b) elaborated:
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The imagery of visuo-motor behavior
rehearsal apparantly is more than sheer
imagination. It is a well-controlled

copy of experience, a sort of body-thinking
similar to the powerful illusion of

certain dreams at night. Perhaps the major
difference between such dreams and VMBR

is that the imagery rehearsal is subject

to conscious control. (p.308)

Errors in the performance of a skill may be corrected by

visually rehearsing the athletic skill in slow motion (Suinn, 1972a).

The third and final step involves the transfer of the learned skill
to the competitive situation. Cratty (1980) bointed to the
importanée of mafching the practice demands as closely as possible
to the real competition or race, as both physical and psychological
factors can have a novel, usually negative, influence on the
ath]efe. Thus VMBR can help an athlete become completely familiar

with racing tactics and the conditions of the course.

As the athlete's level of arousal prior to and during competition
can lead to muscle tenseness, reduced efficiency and incorrect
attentional focus, the athlete needs to prepare himself
psychologically for the stress of competition. In this regard:
Suinn (1980b) suggested that on race day -the athlete

either visualize a previously successful performance to build

up confidence, or, should he be anxious about certain executions
during competition, practise these mentally until they become

automatic. Preparation for the impending competition should
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continue once on the site of the race or tournament. Bodily stress

signals should be noted and countered through further use of VMBR.

After having attended to the US ski and US biathlon teams during
thé Winter Olympics in 1975, Suinn (1977) described his psychological
training programme as an action- or behavioural-oriented technique -

aimed at enhancing performance.

SELF-TALK

People's emotional reactions and verbalizations are directly
related to their belief-system, their thoughts, their prejudices,
their éttitudes and their self-confidence. Language, it was found,
can play an important role in determining our emotional state
(Dollard & Miller, 1950). Therefore, self-verbalizations, be they
expressed aloud or as thoughts, exert a powerful influence on a
person's behaviour and reactions. As self-talk may be either
positive or negative, the effect can have either advantageous or
disadvantageous consequences on an individual's performance.
Liebetrau (1982) believed that self-talk can be viewed as the single
most important determinant of success in the field of sport,

besides the athletes physiological potential and physical fitness.

According to El1lis (1962), who developed the rational emotive

| therapy (RET), certain irrational beliefs, assumptions or expectations
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can lead to maladaptive behaviour. He concluded:

If ... people essentially become emotionally
disturbed because they unthinkingly accept
certain illogical premises or irrational
ideas, then there is a good reason to believe
that they can be somehow persuaded or taught
to think more logically and rationally and
thereby to undermine their own disturbances.
(p.191)

Later findihgs validated the observation that the type of
self-statements an individual makes bears a relationship on his

emotional reactions (Goldfried & Goldfried, 1980).

Zastrow's (1979) self-talk therapy, based on E1lis's theory of
human functioning, sought to help individuals remove undesirable
emotions, gain in self-confidence and achieve a healthier
self-image through rational, positive verbalizations. Zastrow
propounded the following theme: "You can be whatever you choose
to be. Your self-talk makes you what you are, and you can change

your self-talk to become what you want to be" (p.2).

Only knowledge of the relationship between the quality of one's
thoughts and the resultant actions can result in an individual
performing to the optimum of his ability. Athletes, who consistently
belabour themse]ves with any of the following kinds of statements,
are not creating an internal environment that is conducive to

peak performance:
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. Fear

"“I'm afraid we are going to lose.'

"I'm afraid I'm never going to get any better.
“I'm afraid I'm not playing well."

“I'm afraid I'11 make stupid mistakes."

"If 1 goof up they (teammates, coaches, fans)
won't like me."

"What if I choke at a crucial time?"

Lack of self-confidence

“I don't believe I can improve."

“I never win the big ones."

"My opponent is better than I."

“I'm too old, too slow, too short, too tall, (etc.)."

Self-condemnation

"I always screw up things."
"That was a dumb shot."

"T should have known better."

Poor concentration

"I can't keep my mind on what I'm doing."
"It's hard to get really absorbed."

"I get in a groove and then 'bang' I lose it."

. Trying too hard )

“The harder I try, the worse I get."
"T can't seem to relax out there."

Lack of willingness to win in competitive sports
"I can't get pumped up for the game or match."
"I lack the killer instinct."

"I feel better when I am losing."

. Perfectionism

"I am never content with my performance."
“I'11 never be as good as I want to be."

Self-consciousness
"I am always self-conscious about how I'm doing."

. Frustrat1on

“I can't shake off a mistake."
“I feel like quitting when I miss a shot."

Anger and blame

“I'm so mad at myself I can't think."

"The referee is calling them wrong. He can't see
straight."

"How can he (opponent) do that to me?"

"The coach is always picking on me."



11. Boredom
"It's hard to get excited about this anymore."
"It isn't much fun anymore."
12. Expectations
"I never can reach the coach's expectations of me."
"I guess I just don't expect enough of myself."
13. A busy mind ,
"T am too busy thinking about what to do to
actually do it."

"I try to remember everything I've learned but
I can't." (Weinhold, 1982, p.125-127)

Several psychologists have studied the mental techniques used by
individual athletes just prior to performance and have found that
several types of self-talk strategies are emp]oyed. Allmer,
Sonnenschein, and Tradt (1979) explored the effectiveness and
frequency of various "naive Techniken", i.e. self-taught
psychoregulative methods including self-talk used by athletes

in diverse sports. They suggested that these individualized
mobilization/relaxation techniques should not be underrated by the
coach or the athlete, but should be tested for their continued

effectiveness at regular intervals.

Shelton and Mahoney (1978) reported the following findings on
the content of psyching-ﬁp strategies amongst weight-lifters

before a strength test:

Self-efficacy strategies were ... exemplified
by statements such as "I told myself that I
could do it". Attentional focus is illustrated
in one subject's focus on "concentrating on
having those muscles react better". Preparatory

88
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arousal strategies were intended to "get
yourself excited, get your blood moving,
squeeze down with all your might, and get
mad and give it one big surge with all
your might". Finally, the use of imagery
was exemplified by the subject who said:

"I pictured myself, first of all, doing it.
I pictured myself squeezing it and pulling
every ounce of strength that I had in my
body into that one wrist. I just concentrated
as hard as I could on that one ... just on
my hand and making it close no matter what.
I just tried to close my hand." (p.282)

Similar thought categories were found by Weinberg, Gould, and
Jackson (1980), and Caudill, Weinberg, and Jackson (1983), the
latter researchers adding a statement category designated
"religious beliefs".

While studying the effectiveness of a cognitive behébioura]
treatment package.for croﬁs-country ski-racers, Gravel et al.
(1980) classified the athletes' thoughts prior to competition
into five themes: (1) ruminations of self-depreciation (2)
failure ruminations (3) pain ruminations (4) climatic and
topographical ruminations and (5) other ruminations 1nc1ud1ng
family and work problems. The researchers used a technique
called "thought-stopping” to reduce the occurrence of the
maladaptive, performance {nhibiting thoughts. Whenever the
athlete indicated that the ruminations were beginning to appear
vividly during imagery sessions, the therapist would shout

the word "stop" and simultaneously produce a Toud noise.

In an effort to explore the nature of attentional processes



determining the performance of athletes, Etzel (1979) studied

the attentioﬁa] capacity of 71 international rifle-shooters. He
postulated that attention was a psychological phenomenon, reflecting
five relatively independent dimensions which could be revealed

by analyzing typical task-related utterances: (1) Thoughts about
capacity eg. "When I experience 'match pressure', it seems

that I must exert more mental effort to pérform well." (2)
Thoughts about duration eg. "I cannot regularly focus my attention
sb]e]y on my performance for more than 10 seconds at a time." (3)
Thoughts about flexibility eg. "I can rapidly change the focus

of my attention from external to internal portions of my shooting
performance." (4) Thoughts on intensity eg. "I feel better |
prepared to deal with the task of shooting when I am well rested
and alert." (5) Thoughts about selectivity eg. "When I'm

shooting, it's not difficult for me to shut out everything but

thoughts concerned with my performance." (adapted from p.286)

Gallwey and Kriegel (1977) pointed to the potential consequences
of self-verbalizations by distinguishing between an "outer game"

" and an “inner game" in competitive sports. The outer game deals
with technique and skills neceﬁsary for executing the sport,
whereas the inner game refers to the thought processes taking
place in the ath]ete's mind before or during the game. It is

often during this inner game that a battle rages between "self 1",
the voice that criticizes, judges, worries and pontificates,

thereby distorting the perceptions and the natural potential of
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the body, called "self 2", The assumptions relating to the inner
game, though notilaboratory tested, and the recommendation of
avoidihg too much critical self-talk has helped many performers.
Cobb, Kahn, and Cath (1977), too, warn of the dangers of
listening to inner dialogues which often reflect unfulfilled
expecfations and a conflict between the real self and the ideal

self,

Increased attention has recently been given to the important role
a cognitive variable, like positive self-image, can play in the
enhancement of performance (Fisher, 1976a; Mahoney, 1974;
Meichenbaum, 1977). Bandura's (1977) theory of self-efficacy which
aroused much interest, analyzed the effect of perceived sé]f—

efficacy on performance:

The strength of people's convictions in

their own effectiveness is Tikely to

affect whether they will even try to cope
with given situations.... Given appropriate
skills and adequate incentives, however,
efficacy expectations are a major
determinant of people's choice of activities,
how much effort they will expend, and how
long they will sustain effort in dealing

with stressful situations. (p.193-194)

Investigations into the relationship between the athlete's
expectations and performance output have been extensively
reported in the sport psychological literature.(Feltz, Landers

& Raeder, 1979; Highlen & Bennett, 1979; Mahoney & Avener, 1977;
Nelson & Furst, 1972; Rotella, Gansneder, Ojala & Billing, 1980;
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Weinberg, Gould & Jackson, 1979).

An athlete's perception of his physical capabilities will influence
his self-confidence and in turn, determine the nature and directioﬁ
of the se]f—fa]k employed. Therefore, a person with high self-esteem
will have faith in his capability and have an optimistic outlook

on future performances and engage in positive self-talk. He expects
to be successful and usually is. But the person with low esteem

is caught up in a vicious circle, whereby his poor judgement of his
abilities and his negativistic attitude to competition leads to
unsatisfactory performance which leads to lower self-confidence

and defeatist self-talk. The individual's self-serving biased
reasons for performing well or poorly have been studied (Fitch,
1970; Heider, 1958). Most research reports that a successful
individual attributes his achievement to internal factors such

as ability and effort whereas an unsuccessful person attributes his
failure to external factors such as environmental conditions and

bad luck.

A method to improve self-confidence has been forwarded by Railo
and Unestahl (1980), called “symbol and anti-symbol training".

In order to train away a defeatist attitude, the athlete first

has to engage in as many negative thought associations as possible
and translate these into symbols meaning words, sentences or
pictures. The proceeding step would then be to establish anti-

symbols, thereby replacing the negative reactions with positive



thoughts and verbalizations. This training helps to "program

the unconscious with positive steering impulses” (p.258).

Various researchers have designed cognitive intervention programmes
to study their effect on sports performance, including strategies
such as preparatory arousal, imagery, attentional focus, self-
efficacy statements and §e1f—ta1k (Barling & Bresgi, 1982;

Gould, Weinberg & Jackson, 1980; Meyers & Schleser, 1980; Meyers,
Schleser, Cooke & Cuvillier, 1979; Weinberg, Gould, Jackson &
Barnes, 1980). Comparing results is complicated by the fact that
experiments have been performed on diverse conceptual-cognitive
activities with varying levels of task complexity, such as

motor performances involving speed, strength and endurance,

sport skills such as gymnastic movements ahd tennis serves, and
games such as basketball. The aims, too, have often not coincided,
with some designs setting out only to improve on the skill while
others aimed to reduce stress as well. Weinberg, Gould, Jackson,
and Barnes (1980) raised two further issues in connecfion with

the possible facilitatory effect of cognitive strategies on
performance. Firstly, cognitive strategies may need to be
practised before they are applied to improve performance,
especially on complex tasks and secondly, individuals might

possess different preferences for using specific cognitive

techniques.

From the above discussion it becomes clear that the arbitrary
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imposition of cognitive strategies on athletes yield, until now,
very unpredictable and unsatisfactory results. Much future
research is needed to clarify the role of mental strategies to

effect emotional and cognitive changes to optimize athletic

performance.
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CHAPTER &

MENTAL STRATEGIES DURING PERFORMANCE

A

The role of cognitive stratégies in the attainment of optimum
performance has recentjy received a surge of interest. A cognitive
movement is clearly ndtiéeab]e in the field of sport psychology,
with many attempts being made to modify the athlete's behavioqr by
changing the way he thinks. The anecdotal wisdom of training

being more mental than physical is being carefully scrutinized in
sport psychology 1aboratorie$ and in the field. Due to the fact
that athletes are unable to change their genetic make-up and,
therefore, cannot change their physical endowments, sport
psychologists have turned to the potential of cognitions as an
important auxilliary means towards athletic excellence. Tutko and

Tosi (1976) stated it simply:

Obviously, you can't control the weather or
field conditions. You can't change the laws
of nature applying to the trajectory of the
ball. You can't change luck and you can't
change the other ptayers (much). But you
can be in control of yourself and your
emotions - and ‘thereby play your own game.

(p.7)

Whereas the previous chapter focused on various relaxation

procedures and psychological training techniques available to the

+



athlete before the actual execution of the activity, this chapter
will focus on the thoughts the athlete, specifically the runner,
experiences during training or competition. The endurance natufe
~of marathon running lends itself ideally to the study of thé |
thoughts of a runner, as he sets out to cover the distance of
42.2 km. Hardly any other event offers as much time to implement
mental strategies as does marathon running. There are hours
fi]ied with thoughts, reflecting the athlete's involvement with

effort, fatigue, pain and boredom.

Cratty (1983) is one of the few researchers who has attempted to
| formulate a typology of the multifarious mental states fhat
athletes find themselves in before and during performance. The
classification system contains aspects of the athlete's mental
activity under five main sections. In the first subdivision the
thoughts of an athlete are analyzed according to whether the
self-talk and mental programming are initiated on his or her own,
are‘being experienced intentionally or unintentiona]]y, or
whether the athlete is receiving various mental, task-related
instructions, such as genera] or hypnotic suggestions by a

coach or sport psychp1ogist.

In the second subdivision an evaluation is made of the athlete's
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thoughts‘according to the following distinct intellectual processes:

observational and verbal imagery, memory, classification and

categorization, analysis and synthesis, divergent and convergent
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production, evaluation and problem solving.

The third category reflects the "state" in which the athlete's |
mental activity processes are taking place. Altered states may
be induced by others through relaxation, mental suggestion,
hypnosis, can be achieved with the use of drugs, or may be
experienced aS exhilarations or "highs" through prolonged and

committed endurance activities such as running.

In the fourth major division the athlete's thoughts are organized
into two main areas according to content. Certain thoughts dwell
on general, non-task specific topics, such as fear of competition,
self-efficiency, attribution in regards winning or losing,
motivation, tactics, dissociation, and physiological process
regulation. Yet other thoughts may focus on the fears, the tactics
and rewards in regards to a specific task, skill or compétition.
Cratty suggested a further possible classification of these
thoughts on’content into those that are coloured or influenced

by the athlete's emotional state and those that are rafiona]]y

based and involved with improvement of technique.

The last category gives details of the time and place of the
athlete's mental activities. The time division indicates a short-
term time component covering the mental activity before, during
or after a competition, and a long-term time component including

thoughts during childhood, during competitive athletic years, or



of the post-athletic career. The place division points to a
_ geographical location where the thoughts are being processed
: which may be happening during the day or night between other

non-task related activities, at the place of practice, or at the

stadium, arena, hall or race meeting.

The problem of attempting to classify an athlete's thoughts
rests with the fact that it is extremely difficult to document
all the thoughts that are flashing through the athlete's mind

at a very fast rate. Researchers have used mainly interview data
and questionnaires to extract information regarding the mental
activity of athletes during performance. This method is

extremely unreliable, as Berger and Mackenzie (1978) pointed out:

The authors recognize that any lived
experience of a sports participant is
-different from the reported experience.
At best, we have only the subject's
recollection of that experience, part

of which she is bound to forget, part of
which she may not be willing or able to
share because of fear, embarrassment,

or lack of conscious awareness. (p.371)

Researchers have, nevertheless, proceeded to establish hypotheses
on the mental processes of athletes based largely on retrospective,
self-report data. In order to gain an overview of the present
"state of the art" in the field of mental strategies employed by
runners during the activity of an endurance event, studies will

"be reviewed in which researchers have tried to analyze and
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categorize the athlete's thoughts as well as those few studies
in which they have embarked on the task of adjusting the
athlete's thoughts and mental strategies in the hope of

improving performance output.

The early research done by Morgan, Horstman, and Cymerman

(cited in Morgan & Pollock, 1977) on the cognitive strategies

employed by marathon runners, revealed that most of their thoughts

were directed away from the activity of running with the tendency
to "dissociate" from the painful sensory input of their body.
During the arduous task of covering 42.2 km, marathon runners
have reported building houses in their minds, writing letters,
listeqiﬂg to Beethoven, computing mathematical problems, or
reliving their entire school and university careers. One
marathoner reported age regressing and turning into a steam
locomotive before the approach of a steep hill. This kind of
mental imagery is similar to that popularized by Spino & Warren
(1979) who suggested visualizing large hands, tow ropes,
spinnakers or magic carpets to help alleviate the pain and the

boredom of the lTong-distance run.

An a]]iéd form of dissociation may have been used by the Tibetan
monks practising the art of "lung-gom", which is the ability to
travel swiftly across inhospitable terrain for long periods of
time, Watson (1974) reported of one monk that is supposed to

have travelled oVer 300 miles in only 30 hours which constitutes

99
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an averagezspeed of about 10 miles per hour. In comparison,

today's marathoners run at an average speed.of about 12 miles

per hour for times between 2 and 3 hours. It is possible that

the Tibetan Mahetangs repeated a sacred mantra in a meditative-like
trance in order to achieve this feat, but arriving at the true

—

facts of the above anthropological tale is difficult.

Thus Morgan, Horstman, and Cymerman (cited in Morgan & Pollock, ¢
1977) designed a controlled laboratory experiment to test the
usefulness of using a "pseudo-mantra" like the word "down" with
subjects at 80% of their maximal agrobic power to complete
exhaustion on the treadmill. The researchers reported an average

30% increase in performance with subjects repeating the monosyllable
"down" while exercising. As there were no concomitant cardiovascular,
metabolic or endocrine changes with the performance increment, the
researchers concluded that the improvement was due to the
effectiveness of the cognitive dissociation strategy to help cope

with endured pain and stress.

‘However, when Morgan and Pollock (1977) interviewed a group of

8 world class marathoners in a study to obtain a psychological
characterization of the elite distance runner, they found that a
completely different mental strategy to dissociation was being
employed and labelled it "association". They ascertained that
elite marathoners with funning times below 2:26 focused intensely

on their body, alert to any pain signals or sensation coming from
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their feet, muscles, heart or lungs. Their pace was carefully set
according to how their body regponded; Commands of "relax",
"breathe deep", "stay loose" were continuously used to monitor
their physical state. The phenomenon of the “runner's wall", an
extremely painful phase claimed by many to hit them at the point
when their muscle glycogen stores become dep]eted; was dismissed

by these elite marathoners as a myth.

Berger and Mackenzie (1978) reported a 4-month case study of a
35-year old female jogger, who as part of the experiment was

| required to keep a diary of.her thoughts, emotions and feelings
experienced on the run. After eXperiencing difficulty recalling her
thoughts in exact detail after returning from the run, she had her
thoughts recorded after each 0.6 mile running interval, with-a
maximum of four intervals per running session. The researchers

then set out to content analyze the 32 one-to-two page initial
journal entries as well as the 100 typed pages of verbal recordings,
not to investigate mental strategies but rather to categorize
emotions expressed while running in an attempt to find a psychological
meaniﬁg of the activity of running to the subject. For the

athlete in this study self-understanding and the recognition of

inner needs were reasons for engaging in the activity of running.

In a study to examine, amongst other topics, the changes in state
of mind experienced by a runner during the various stages of a

run, Carmack and Martens (1979) questioned 250 male and 65 female



runners of different levels of fitness and experience. The results
of the questionnaire revealed that during the first half and

last quartile of the run the under-40-minute runners experienced
dominant feelings of psychological uneasiness, such as boredom,
depression and irritability, whereas the over-40-minute runners
reported psychological feelings of well-being, such as happiness
and optimism. This trend was reversed for both groups in the

third quartile. Carmack and Martens noted that the mind-set a
runner engages in when setting out on a run may be the determining
factor in distinguishing the two groups' distinctly different state
of mind experiences. The researchers reported that having found

a "means to tap these fleeting states of mind is a significant
development in itself" (p.39), and they wondered if coﬁditions of
the run could be manipulated to enhance the p]easant psychological

states during a run.

In an article discussing the role of attention in optimal athletic
performance, Nideffer (1980b) suggested that both the experienced
and inexperienced runners are "dissociating" to the pain

encountered during the run. The difference, he explained, is that:

The experienced runners' confidence and
past successes allow them to be open to

the painful cues and to objectively read
and react to them. In "associating" to

the pain in an objective, rational way,
they are "dissociating" from it emotionally.

(p.111)

Inexperienced runners, on the other hand, are unable to attend to
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their aches and pains without being negatively affected by the worry
of their weakéning_gﬁx§iggl condition. In order to maintain their
self-confidence, they tend to dissociate away from the painful,
physical cues., Nideffer suggested that novice runners should be
taught associative strategies in order to become more aware of
sensory stimuli and be ab]eﬂ}o interpret these correctly, S0 as

not to extend themselves beyond their physical capabilities.

Freischlag (1981), in an attempt to study selected psycho-social

" characteristics of marathoners, examined 55 subjects in regard to
genetic and ethnic factors, family compoéition and source of
influence, perceptions of tra}ning and competition, and methods of
coping with stress. On ana1yzing the cognitions of marathoners with
average best times of 3:23 in a pre-race test, he reported that

2 runners'séid they thought of nbthing, 15 focuéed on personal
affairs, 13 on finishing the race, 12 on their position in the race,
7 on their bodies, and 6 on the mechanics of running. Therefore |
Freischlag concluded that most marathoners use either associative
or dissociative thoughts while running, but he did not resolve

the question of whether the athletes' cognitions changed from one
focus to another during the coqrse of a race._In regard to coping
with pain during the arduous racé, 13 competitors reported running
throdgh it, 13 said they decreased their pace, 18 tried to mentally
displace the pain stimuli, while 6 relied on self/situational
assessment. Freischlag noted that here was an increased reliance on

associative type thinking to monitor their body in periods of stress.
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In an experiment to investigate mental states and psychological
coping of ultra-distance runners in a 100-mile race, and to

avoid retrospective falsification of data, Sacks, Milvy, Perry,

and Sherman (1981) set out to question runners during the process
of the competition. Ten male runners were asked the same list of
nine questions every 3 hours by an investigator cycling beside the
runner. After analyzing the runners' responses recorded on a
light-weight, portable tape recorder, it appeared that, on the
surface, the runners' thoughts confirmed associative thinking. No
dissociative thinking as defined by Morgan and Pollock (1977) was in
evidence, nor was there any support that the runners experienced a
"high'/during the race. On examining the runners' comments more
closely, the investigators inferred that other, less bodily-related
thoughts were occurring as well, but that these were not readily

volunteered by the runners as seen by the following interview:

Runner: "Well, I daydream, if that's what
you mean." :

Investigator: "What do you daydream about?"
Runner: "Anything. Nothing in particular."
(p.172)

The researchers hypothesized that the runners stressed their
associative thoughts more than those "other thoughts" because

of a vested, emotional attachment to them. They concluded, however,
that the "other thoughts" were not to be classified as dissociafive /
thinking as defined by Morgan and Pollock (1977). The runners'

free thoughts were similar to those emanating in a meditative
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trance in which idegs; feelings or images simply flash through

the mind with 1ittle significance to the runner, and were, as the
researchers believed, irretrievable. They; therefore, suggested

that a third kind of thinking, besides assdciation and dissociation,
called "meditative thinking" occurred during long-distance

running events.

" Summers, Sargent, Levey, and Murray (1982) surveyed 363 middle-aged
runners, attempting their first marathon, to gain information on

their reasons for entering the race, their perceived outcome after

the race, and their experiences while running. From the pre-race
questionnaires supplied to the subjects, the researchers reported that
during training runs 69% of the runners adopted a dissociative

mental strategy, mostly thinking about family, work and the
environment. The information gleaned from the post-race questionnaires
indicated that duringdihe marathon only 6% of the runners used
dissociative thoughts, with 30.7% using associative thoughts. The
majority of runners (63.3%), however, utilized a mixture of the

two types of strategiés, talking to other runners, setting

subgoals, thinking about the run and using distractions to cope

with bodily pain.

Sachs and Pargman (cited in Cratty, 1983) postulated three
divisions of dissociative thoughts among runners. There are those
that fit the creative diversion eg. house-building, letter-writing

thoughts reported by Morgan and Pollock (1977), those that may be
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categorized as problem-solving thoughts and finally a more
general subdivision including spontaneous thoughts. Using a
questionnaire to obtain their information, the researchers
reported that athletes used mostly dissociative thinking during
training runs, although some athletes tended to shift their

st =

attention between associative and dissociative mental activity.

Although there have been several attempts to documenf the

cognitive strategies runners employ during training and racing,

very few studies have concerned themselves with the effectiveness

of the use of an associétive versus a dissociative strategy. In
order to determine which cognifive strategy would Tead to enhanced
performance, Okwumabua, Meyers, Schleser, and Cooke (1983)

selected 31 undergraduafe students with 1ittle or no running
experience and randomly assigned them to three experimental groups:
(1) the dissociative group (2) the associative group and {3) the
relaxation group. The dissociative group was instructed to

mentally remove themselves from the act of running and to focus
~their attention on an object not related to the run and repeat a
pHrase or word as in meditation. The associative group was encouraged
to closely concentrate on their breathing and on any pain sensafions
eminating from the muscles and to closely monitor signals from
their'body. The relaxation control group practised relaxation
exercises but were not given any training in a cognitive strategy.
Each group met for 3 hours per week, engaging in aerobic training

for 2 days and in anaerobic training for 1 day a week. A performance
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measure over a li-mile run was taken before and after the 5-week
experimental period. Se]f—report measures of cognitive strategies
used during runs revealed that subjects had not adhered to their
experimenter's instructions regarding the use of a specific
cognitive strategy. What did emerge, though, was that the runners
became more associative over the trial period, irrespective of
which group they were in. An additiona] analysis, disregarding the
" initial group assignments was undertaken to study the effect of
the actual cognitive strategy employed by the runner. The results
indicated that the runners who initially reported using a larger
proportion of dissociative than associative thinking, showed a
greater enhancement in running performance. The researchers
believed that these findings‘lent partial support to Morgan and
Pollock's (1977) conclusions that beginner runners cannot afford
to associate as they do not as yet have the'physicai capabilities
of experienced runners. Okwumabua et al. proposed the existence
of a possible bi-directional relationship between cognitive

strategies and the level of physical conditioning.

In an effort to gain information on the effectiveness of a
dissociative, an associative or a positive self-talk strategy
intervention on running performance, Weinberg, Smith, Jackson,

and Gould (1984) designed an experiment in which 60 male subjects
were required to run for 30 consecutive minutes around a 440 yard
track, and try to cover as much distance in this time as possible.

The subjects, matched on running ability, were divided into the
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three strategy groups and into one control group, receiving no
strategy instructions. Analysis of the laps covered by the |
subjects showed no significant between group or within group
differences. The researchers pointed out the difficulty of
imposing a different coping strategy onto experienced runners
who usually have developed théir own, fairly set cognitive
strategy, and therefore resist a change in their habitual thought
processes. Further, the researchers determined that the runners
.might nét have been sufficiently stressed during the experiment
to have made effective use of their particularly assigned

cognitive strategy.

PAIN AND PAIN CONTROL

No champion athlete will have achieved excellence without

having experienced extremes of pain, be it from injury or from
muscle fatigue. Today's athlete, in order to make it to the

top or stay at the top will often spend between 1-and 6 hours in

a daily training schedule with a high risk of "overuse" injuries.

The elite sportsmen and women of today form
a gladitorial minority who are stressed to
the extremes of physical as well as mental
tolerance.... The major limiting factor in
many athletes' performances thus becomes the
injury threshold. (Sperryn, 1984, p.27)

" No runner will be able to reach for the limits of endurance
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performance without having an effective strategy to cope with
the inevitablg onset of pain sensations. The old saying of "if
it doesn't hurt, you cannot be trying hard enough” has dangerous
consequenées for the runner's health. During a run the foot

hits the ground an average of 1000 times a mile every 7 to 10

minutes ("Woes", 1978): .

The force of impact is about three times his
weight. The shock wave travels from heel
through ankle to lower leg, knee, upper leg,
hip and Tower back. I11 effects are legion.
Every runner sooner or later is likely to
suffer from a sprained or twisted ankle,
knee inflammation, stress fracture of the
leg bone, shin splints, hamstring pulls,
Tow-back pain, heel pain or blood blister
of the toes. (p.55)

Says Cooper (1981): “Scratch marathoners once, and they tell
you how wonderful they feel. Scratch them twice and they tell

you about their latest injuries® (p.267).

Sternbach (1968)_whb analyzed the physiological, behavioural and
psychiatric descriptions of pain responses, defined pain as

_ follows:

1. A personal, private sensation of hurt *

2. A harmful stimulus which signals current
or impending tissue damage

3. A pattern of responses which operate to
protect the organism from harm. (p.12)

N

Weisenberg (1977) comprehensively reviewed the major theories
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of pain perception, the role of psychological variables, the
problems related to péiﬁ measurement, and the correlates of
pain perception. Of interest to this study are the behavfoura]
attempts to manipulate the pain sensation with strategies such
as imagery, rationalization, attention, distraction,
reinterpretation, self-verbalization, etc. (Beers & Karoly,
1979; Chaves & Barber, 1974; Jaremko, 1978; Spanos, Horton & °
Chaves, 1975; Worthington, 1978).

Some marathoners speak of "hitting the wall", a very painful zone
that they experience towards the end of the marathon, which
signals that the bbdy‘s glycogen stores have become depleted.
Although the topic is much debated, most elite marathoners dismiss
"the wall" as a myth. They believe that by focusing on the body
and adjusting pace accordingly, they avoid over-extending
themfejxes. As one runner in Morgan (1978) stated: "The wall

exists for runners who monitor their watches instead of their

bodies" (p.43).

Sacks et al. (1981), who obtained information on the mental
" states of runners participating in a 100-mile road race, also
commented on how the athletes managed to cope with the problem

of pain:

When pain occurred, they responded to it by
noting its presence, altering their stride,
taking aspirin, or wondering what the pain

might mean or forecast - but pain was considered
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more of a signal, a sign, than something
distressing in itself. By some mental
trick or conditioning, pain for these
ultramarathoners was seen as a sensation
rather than an unpleasant experience in
itself. (p.173)

In their study on middle-aged, non-elite runners, Summers, Sargent,
Levey, and Murray (1982) reported that 56% of the subjects declared
having hit the wall, with the majority (73.3%) experiencing this
pain phenomenon after 19 miles of the course. However, no
significant relationship was found by the researchers between
subjects experiencing the wall and the type of mental strategy
used. In a more recent study, Summers, Machin, and Sargent (1983)
found similar results. However, a significantly higher proportion
of the male marathoners experienced the wall than did-female
marathoners. The researchers pointed out that fhis finding was

in agreement with Fixx's (1977) proposition that women have a
naturally greater endurance capacity due to their larger supply

of fat reserves.

Orlick (1980) discussed several techniques that runners use

to cope with the discomfort of pain, knowing that the pain is
not of the severity to signal the start of potentially harmful
tissue damage. Most superior marathon runners focus their
attention on the task at hand; tHey concentrate on their running

pace, their rhythm, their relaxation:

"Are you going too fast, too soon? Take it easy,
slow down a bit, relax."
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“Think about 1ifting your knees, lengthening
your stride, relaxing and running through it."
"If it is a specific muscle group that is
hurting, then adjust stride and rhythm so

it's easier on that group."

"Think tactics, concentrate on how you will
overtake the runner in front of you." -
"Set a goal of what you want to do before

going into a race, and dwell on these thoughts."
“Concentrate on keeping pace, try to relax."
"Don't panic, relax, don't fight it, maintain
pace, flow."

“Loosen up, stretch your strides, talk to
yourself." (Orlick, 1980, p.208)

Others try to talk themselves through their pain zones:

"I have come this far, I can go a few more
miles."

“"Must not stop. Must not fail! Pain is not
too bad, it could be worse." :
"If others can do it, so can I."

"Another few minutes and it will be over.”

"I started it and I'm going to finish it."
"One mile out of time."

“Everyone hurts as much as I do."

"Think of all the training you've done,

don't blow it now."

~"If I'm hurting they must be in real trouble."

"You've got to finish - hold on to your pace."
“Think of how good you'll feel when it's over."
"You've got to get past it, once you get past
it, it doesn't hurt as much."

“You will be o.k. in a little while, pain

will go away."
“At the end you won't care about now."
(Orlick, 1980, p.209)

Most marathon runners are aware of the fact that they cannot remove
the pain experience completely and, therefore, only set out to

reduce it to a bearable level:



"I try to lessen it."

“T try to live with it by keeping it at a
certain level."

"I try to keep it at a comfortable level."
"Go with it, it's natural, you get used
to it."

(Orlick, 1980, p.209)

A technique for coping with pain used mainly by novice and
average runners is to divert their attention completely away
from the pain stimulus and only think about something'pleasant,

like a trip, a scene at the beach, future plans, etc.

Another coping strategy that has been reported to help in

managing pain is the reinterpretation of the stimulus:

"Tt's just the feeling you get when your ,
muscles are working, it's not really pain."
"Tt's not my biggest competitor to beat."
"You're in good condition, you can relax
and run with it."
“A certain amount of pain clears your head,

- makes you more aware."
“It's a good thing, a barometer of effort an
energy expended."
“Without it you cannot explore your limits."
"In order to reach my goals I have to be able
to suffer.”" _
“"Each painful contraction brings you closer
to the finish line, 1ike in the marathon
of childbirth."
(Orlick, 1980, p.210-211)

Others, again, try to get absorbed in the pain, distinguishing its

size, intensity, locality, characteristic shape and colour.

It has been shown that control over pain has an important influence
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on pain reduction, pain tolerance increasing as subjects attribute
these changes to their own efforts (Weisenberg, 1977). This .
finding links up with Bandura's (1977) self-efficacy theory
whereby it is found that people's perceived control over

their behaviour will determine "whether coping behavior will be
initiated, how much effort will be expended, and how Tong it will

be sustained in the face of obstacles and aversive experiences”

(p.191).

THE RUNNER'S HIGH

" The exhuberant, free-flowing phase often experienced by runners

and referred to in the popular literature as the "runner's high",
has recently received attention in both the psychological and
physiological research (Markoff, Ryan & Young, 1982; Moore, 1982).
This "altered state of consciousness", as Kostrubala (1977)
labelled the euphoric occurrence, will be discussed in the light

of dissociative thinking, as the author believes that it is only
possible to achieve this mental state, should it exist, by allowing
the thoughts to wander from the painful, laborious task of running
to more pleasant imagery scenes. Spino and Warren (1979) designated
the sensation as "a balanced integration of mind and body that is
in effect'the kind of mental state sought by meditators" (p.26).
Simi]ar]y, Shainberg (1977) sees long-distance running as a form

of meditation: "The run is present and thought is a smoke screen
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that avoids what is happening here with the run" (p.1005).

' Glasser (1976) suggested that this psychologically beneficial,
detached state of mind is the reason for runners becoming
positively addicted to running. He described the positive
addiction (PA) state as a pleasant, translike, euphoric mental
state that exercisers reach indirectly and which meditators try
to reéch directly. The following comment from a runner, who
responded'to Glasser's survey in a popular running magazine,

points to the "dissociative" nature of the PA state:

If I am tired the first mile of any run is
difficult because my mind is driving my

body to run. After the first mile my
subconscious takes over and my body functions
automatically. My mind is then free to
wander and does. Only when I run hard for

a short distance, run hard uphill, or run
very long distances is my mind functioning
with respect to running and actually driving
my body. I cannot categorize my thoughts while
running and I have attempted to do so over
the past two or three years. A1l I can say is
that my mind is not on my body, or on my
immediate surroundings. It is as though my
mind is resting in a vacuum. Please note I
use the word resting not functioning. (p.115)

The phenomenon of running addiction, interpreted either as negative
or posifive, has received much attention in the sport psychology
literatiure (Baekeland, 1970; Hailey & Bailey, 1982; Morgan, 1979;
Restak, 1984; Sachs, 1981; Sachs & Pargman, 1979; Thaxton, 1982),

In‘order to collect more reliable research data on runners' mental
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states, Carmack and Martens (1979) developed a questionnaire to
measure "commitment to running" (CR), the term they preferred to
"positive addiction". A factor labelled "spin-out" which included
items that re]afed to the meditative, detached, dreamy state of mind
of positively addicted runners was found to be most identifiable

with the over 40-minute runners.

Pargman (1980) proposed that all regular runners, depending on

their motivation, are to be found somewhere on a continuum, labelled
addiction or dependencé (A-D) on the one end and commitment or
dedication (C-D) on the other. The identification of the runner as
an A-D 6r a C-D type runner points to the kind of ﬁind experience

the runner will encounter. Pargman speculated that:

|l

Individuals in the addicted-dependent (A-D) \
part of the continuum tend to participate
with comparatively less psychological
awareness and intellectual understanding
about_their running than do committed-
dedicated (C-D) runners. When A-D runners.
attempt to explain their immoderate
enthusiasm, they tend to emphasize perceived
exhilaration and joy. Their focus is usually
not upon motivational or causal factors.

The A-D runner describes his/her need to
participate purely in terms_of affect or
emotions—-generated by the run as well as
feelings experienced before and during it.
Rarely is inquiry made about reasons for

the run beyond descriptions of a strong
inner—farce crying_out_to be satisfied.
Furthermore, A-D types make reference to
withdrawal symptoms when the need to run

is unsatisfied. Their only relevant
realization is that if they don't run

they feel unwell. (p.91)
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On the other end of the continuum, the C-D type runner bases his
reasons for running on intellectual and rational principles.

Pargman elaborated:

C-D types make no claim for euphoric,
mind-bending, esoteric, Zen-like experiences.
They do not report mental spinouts or long
periods of dissociation from the run in
order to focus their thinking upon problems
or topics of their own selection. Real-life
reinforcers support their conception of the
run as a positive, supportive experience.

(p.92)

In one of the few studies which probed the mental states of
runners at 3-hourly intervals with the help of a standard
queétionnaire during an actual race, a 100-miler, Sacks et al.

- (1981) reported that none of their interview data pointed to the

runners having experienced a high at any stage during the race..

On analyzing questionnaire data of 363 novice runners attempting

their first marathon, Summers, Sargeht, Levey, and Murray (1982)
disclosed that 48% of the subjects reported having experienced

a runner's high during training runs. Most of their descriptions

of this phenomenon could be classified into three main groups:

(1) psychological well-being (2) physical well-being (3) "spin-out",
the dreamy, detached state of mind. However, the data of the

post-}ace guestionnaire indicated that only 24% of the runners
experiénced a high, which, the researchers'pointed out, is in agreement

with Glasser's (1976) suggestion that this state is rarely felt
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if the run is goal-directed. In follow-up research, Summers,
Machin, and Sargent (1983) reported that the marathoners who
experienced the runner's high thought it occurred between

9 to 16 miles }nto the race.

Plamondon, Cloutier, and Pinard (1983) questioned 896 runners
\among the 10,300_participants of the 1981 Montreal International
marathon and reported that 46% of the subjects disclosed
experiencing mental dissociation, while 67% disc]osed experiencing
pleasurable states during training runs. The researchers believed
that these findings indirectly confirmed the often-mentioned

runner's high.

Interestingly, Wagemaker and Goldstein (1980) did not 1imit their
discussion of the phenomenon of the runner's high to the mental
state experienced during the run. Wagemaker reported feeling

well rested after a run, along with the euphoric effect he
sometimes experienced. EEG changes showed a reversal of right-]eft
confusion after running, similar to the effect of sleep on the
process of thinking, which purportedly allows the subjects to
think clearer and concentrate harder.

Finally, the concepté of "peak experience" (Maslow, 1968;
Ravizza, 1977), "peak peérformance" (Privette, 1981, 1982), and
“flow" (Csikszentmihalyi, 1975) exhibit characteristics similar

to the mental state of runners during dissociation, and the

N
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phenomenon of the runner's high. Csikszentmihalyi described the

' experientia] state of flow as follows:

Flow denotes the wholistic sensation present
when we act with total involvement.... It is
the state in which action follows upon action
according to an internal logic which seems to
need no conscious intervention on our part.
We experience it as a unified flowing from
one moment to the next, in which we feel in
control of our actions, and in which there

is little distinction between self and
environment; between stimulus and response;
or between past, present, and future. (p.43)
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CHAPTER 5

PERCEPTION OF EFFORT

When human beings are involved in hard work, it is not sufficient
merely to study physiological paramefers of their performance, .

but due attention needs to be given to the individual's subjective
evaluation behind the performance. The physical exertion of runners.
during training or competition also constitutes hard physical labour.
Of interest to this study are the questions of'h0w hard are the '
athletes trying, how much effort ére they expending, and how do they

perceive the pain and the stress of long-distance running.

The fact that an individual is able to rate the "cost" of every
run in terms of a subjective psychological parameter points to a
sensory ability in the human being of assessing work load -~ the
effort sense. Although exercise physiologists have been aware of
the éxistence of a psychological adjunct to physiological effort,
the attempt to find a measure for perceived exertion has only

recently been embarked upon. Borg (1973) stated convincingly that:

Problems of perceived exertion are a
part of larger problems concerning the
need for quantitative measurement of
subjective symptoms of various kinds:
exertion, fatique, discomfort, pain,
etc. Quantitative measurements of such
factors are desirable for clinical



 diagnosis, for therapy and exercise
prescription, for evaluations of performance
capacity, and for many other applications.

(p.90) |

The importance of the effort sense began to be recognized with
the scientific work undertaken into exercise prescription. To
determine the frequency and the duration of exercise is simple,
but to determine the intensity at which the exercise should

be carried out is not so easy.

One method to assess physical work load is to measure the
person's oxygen uptake during the activity. Portable equipment
exists to analyze the expired air for information on the energy
cost of various physical activities, but is too cumbersome and
impractical a method for exeréise prescription. Another method

is based on the generally accepted linear relationship between
oxygen uptake and heart rate (Astrand & Rodahl, 1977). Therefore,
it is feasible to determine a target heart rate which corresponds
to a required work load. However, this method has its drawbacks
as the se]f-monitoring’of pulse-rate can lead to erroneous
results. A further, more practical method is based on the
individual's experience of coping with strain: the talk test.
Exercise at an intensity that still é]]ows you to talk to a
fellow exerciser. The method is a good guide for novice runners,
but a lTittle vague for the experienced runner who needs to

exercise at a specific intensity to maintain the training effort.
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In order to devise a more scientific measure of perceptual
intensity, Stevens (1957, 1966) developed ratio scaling methods,
the scale having an absolute zero aﬁd values spaced at equal
intervals. A drawback to this method is the difficulty of
making inter-individual comparisons as subjects rate intensities
by making only relative judgements (Borg, 1982). An object that
is judged to be twice as heavy as another does not give any

* information on its actual weight.

In the 1950s the Swedish exercise physiologist, Gunnar Borg,
researched 1ong:%erm changes in physical work capacity among

~ lumberjacks. He noted that individuals have the ability to

identify their own physiological responses and to merge these
through the ceﬁtra] nervous system into a unitary rating of
perceived exercise intensity (Hage, 1981). Borg (1962) introduced

a 21-graded scale with a verbal description attached to every
'-second number from 3 = "very, very light" to 19 = "very, very
laborious" and 11 = "neither light nor laborious". The individual's
estimation of perceived work correlated significantly (0.80 to 0.90)

with objective measurements of heart rate obtained while exercising

on a bicycle ergometer.

A new category scale for ratings of perceived exertion, to become
known as the RPE scale or Borg scale, was later introduced and
consisted of a 15-graded scale with values from 6 to 20 to link

it with the variation in heart rate from 60 to 200 beats per minute.

This new scale is depicted in Figure 4. It should be noted that
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6
7 VERY, VERY LIGHT
8 -

9 VERY LIGHT

10

11 FAIRLY LIGHT

12

13 SOMEWHAT HARD

14

15 HARD

16

17 VERY HARD

18

19 VERY, VERY HARD

20

Figure 4. The 15-graded scale for ratings of perceived exertion
(Borg, 1978, p.44).



~ the new sca]evis asymetrical, some verbal expressions:have been

changed and the hidpoint has been lowered to allow the subjective
values to grow linearly with the physiological response. The new
scale has found widespread application in many countries (Borg &

Noble, 1974).

The concept of the Borg scale has been described by Sheehan
(cited in Hage, 1981) as the most 1iberating idea that has

eminated from exercise physiologists:

Too many people are hung up on figures
to evaluate exercise. They get caught
up on how many miles they run each week
when we know that the full fitness
equation has nothing to do with mileage.
(p.138)

Even thdugh many investigators have lauded the introduction of
the RPE system for its reliable use and ease of application in
exercise schedules, some discrepancies have been pointed out.
People who are extroverted, neurotic, anxious or depressed

do not show the high correlations between RPE and heart rate,
and.a decreased correlation has been found in elderly subjects

(Hage, 1981).

Borg's findings have aroused much debate as to the primary
physiological cue for the determination of the subjective rating

of perceived exercise intensity. Borg's vision of an integrated,
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multiple sensory input system resulting in a subjective, yet
functional rating of perceived effort, has not been accepted by

all researchers.

Perceived exertion is the best indicator
of the degree of physical strain. The
perception and integration of many bits of
information, many signals from the body -
from the muscles, from the periphery,
from the cardiorespiratory center. If we
could integrate all the physiological
cues in a perfect way and give weight to

~ the different variables, then we would
have a perfect measurement of physical
strain. To me this perception is a kind
of gestalt - the integration of many
phenomena, many signals. And that is why
it functions so well. (Borg, cited in
Hage, 1981, p.143)

Other researchers have been adamant at finding a primary sensory
cue for the subjective rating of work load, by indicatiné a
multitude of physiological and neuromuscular parameters to be

the key input for the perceived exertion. Recent investigators
have followed up the suggestion of Ekblom and Goldbarg (1971) that
two factors appeared to influence the individual's perceived
exertion during physical work: a local factor influenced by the
feeling of strain in the exercising muscles and 1limbs, and a
central factor determined by the heart rate, respifatory rate

and oxygen uptake.

Mihevic  (1981) extensively reviewed the studies that have been

involved with the identification of physiological cues for the
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perception of effort, but described the search for a primary
perceptual cue as "a rather simplistic attempt to probe the
compiex psychobio1ogi¢a1 dynamics of the exercise response"

(p.150). A summary of some of the findings follows.

Central factors as cues for perceived exertion

‘Central factors that have been investigated in regards to their
~ relevance to perceptual ratings are heart rate, ventilation and

respiratory rate, and oxygen consumption.

There has been strong evidence of the existence of a Tinear

~ relationship between heart rate and perceived exertion across
various work loads. However, experimental manipulations such as
the use of pharmacological agents or changes in environmental
conditions have indicated that heart rate is not the primary
physiological cue for perceptual response (Davies & Sargeant,
1979; Ekblom & Goldbarg, 1971; Kamon, Pandolf & Cafarelli, 1974;

| Noble, Metz, Pandolf & Cafarelli, 1973; Pandolf, Cafarelli, Noble
& Metz, 1972). It should be pointed out that the RPE scale was
originally intended for increasing intensities of work under

normal conditions (Mihevic, 1981),

Although several researchers have proposed that oxygen consumption
is a critical determinant of perceived exertion (Sargeant & Davies,

19735 Skinner, Borg & Buskirk, 1969; Skinner, Hutsler, Bergsteinova



& Buskirk, 1973), no proof exists that the individual is able to
monitor oxygen consumpt{on'at will. Moreover, as several
physiological measures are closely Tinked with metabolic demand
during exercise, it is highly probable that a more accessible
physiologica1 response than oxygen consumption would act as a

- more potent stimulus for perceived exertion (Mihevic, 1981).

Most investigations into the role of respiratory rate on -RPE
have found it to be an important source of perceptual input,

- especially as subjects are able to consciously monitor their
ventilatory response (Horstman, Morgan, Cymerman & Stokes, 1979;
Kamon et al., 1974; Morgan & Pollock, 1977; Noble et al., 1973;
ﬁando]f, Cafarelli, Noble & Metz, 1972). In order to test the

validity ofvcehtral factors as perceptual cues of exertion,

researchers have focused on the effect that training might have on

RPE. It is to be expected that fit individuals perceive a

heavy work load to be of less effort than untrained individuals
due to their supekior physical conditioning resulting in various
physiological and biochemical adaptations. The studies by Ekblom
and Goldbarg (1971), and Docktor and Sharkey (1971) confirmed a
reduction in both heart rate and RPE after endurance training.
However, the methodologically superior studies by Patton, Morgan,
and Vogel (1977), Nagle, Morgan, Hellickson, Serfass, and
Alexander (1975), and Morgan and Pollock (1977) found evidence
contradicting the above proposition. The researchers noted a

similarity of perceived effort at absolute exercise intensities
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between the groups differing in fitness.

In summary, although central factors play an influential role in
determinfng effort sense, the research undertaken in this field

does not warrant either heart rate, oxygen consumption or
respiratory rate to be the primary source of perceptual input during

exercise,

Local factors as cues for perceived exertion

Local factors that have been considered to provide sensory stimuli '
for the perception of effort are lactate concentration, Golgi

tendon activity and general muscle sensations.

Much research evidence points to a good correlation between blood
lactate concentration and perception of exertion (Edwards, Melcher,
Hesser, Wigertz & Ekelund, 1972; Ekblom & Goldbarg, 1971; Gamberale,
1972). However, the mechanism by which lactate accumulation acts as
a perceptual stimulus is not yet clear. Although blood lactate

only starts to rise significantly with exercise intensities of

50% to 65% of maximum oxygen consumption, studies have shown that
lactate concentrafion may even provide perceptual cues at
relatively lTow exercise intensities (Allen & Pandolf, 1977;
Horstman, 1979; Pederson & Welch, 1977). The muscular paih
associated with lactate concentration may act as a potent sensory

source for monitoring effort rating.
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Many researchers have implicated several kinesthetic cues, such
as mechanoreceptor and proprioceptor feedback, Gd]gi tendon activity
and sensory input from the working muscles as a major influence of
effort sense (Cafarelli, 1977; Ekblom & Goldbarg, 1971; Lollgen,
Graham & Sjogaard, 1980; Robertson, Gillespie, McCarthy & Rose,
1979a, 1979b). Further.evidence for the dominant role of these
local factors comes from the observation that significant
perceptual differences were recorded despite comparable metabolic
and cariopulmonary responses at different cycling rates (Pandolf,
Kamon & Noble, 1978; Stamford & Noble, 1974). However, the role

of proprioceptive responses and general leg muscle sensations

as relevant sensory cues remains speculative as detection of these

inputs cannot be quantified (Mihevic, 1981).

Other factors as cues for perceived exertion

Some phyéio]ogica] measures cannot readily be classified as local
or central cues for perception of effort. Frankenhaeuser, Post,
Nordheden, and Sjoeberg (1969) have pointed to raised blood |
catecholamine levels as indicators for perception of exercise
intensity, but their mechanism as a perceptual agent is not yet

clear.

Further potential perceptual stimuli might arise via the
individual's skin temperature and sweat response, yet studies

engaged in establishing their importance as perceptual cues have
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found no direct reiationship (Kamon et al., 1974; Noble et al., 1973;
Pando1f, Cafarelli, Noble & Metz, 1972).

Mihevic (1981) concluded that the endeavour of researchers to try
and center their attention on a fundamental perceptual cue has been

rather artificial:

The focus on a primary sensory input for

the perceptual system during exercise

fails to consider the mediating influence of
factors such as exercise intensity, work
duration, lag time of neurogenically vs
biochemically governed responses. There is

a wealth of physiological, neurological,

and biochemical data to support the
importance of a variety of biological
responses, differentially weighted according
to these considerations, which the individual
may consciously monitor, but most certainly
evaluates at a conscious or unconscious
level. (p.160)

Psychological considerations

In the search for specific physiological control systems
contributing to the judgement of pain and exhaustion, certain
psychological influences have received only lesser attention,

although their role might not be of lesser importance.

Kinsman, Weiser, and Stamper (1973) have pointed to subjective
responses that may play a vital role in perceived exertion
ratings, namely fatigue, task aversion and motivation. Lynch (1983),

too, stated that fatigue may be triggered by the mind without



a physiological ba§is.

Pando1f (1982) produced an explanatory model that describes a
hierarchical system showing the complexity of arriving at a
rgting of perceived exertion, Certain’discrete sensations
experienced during exercise such as being bored with the task
at hand, or a]ternative]y; being highly aroused and determined,
may feed directly into the individual's “superordinate" level

of subjective reporting.

As has been mentioned previously, variance in RPE has been found
for individuals who may be described as extroverted, neurotic,
“anxious or for those who consistently underestimate their levels

of perceived exertion (Hage, 1981).

Morgan, Raven, Drinkwater, and Horvath (1973) evaluated certain .

hypnotic suggestions on perceptual and metabolic responses to a
standard bicycle ergometer task. They found appreciable variance
in the subjects' judgement on work load during hypnosis. The
researchers suggested that "complex somato-psychic phenomena
govern both perceptual and physiological responsivity to

muscular exertion" (p.99).

Stones (1980) set out to investigate the role the visual system

played in the judgement of pace and fatigue of runners. His

results showed that perceived fatigue was not solely determined by
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physical exertion. The researcher hypothesized that attenuated
visual input leads to a reduction in the processing of fatigue
relevant information which consequently results in the lowering

of perceived exertion.

Pennebaker and Lightner (1980) examined the importancg of external
versus internal information during exercise and its effect on the
individual's perception of fatigue. In the first experiment,
subjects who listened to a recording of street sounds while
exercising reported less fatigue than subjects who had to listen
to an amplified version of their own breathing. In a second
experiment it was found that runners clocked a significantly
faster time on a cross-country course than on the lap course,

but reported no difference in perceptions of fatigue. The
researchers believed that external cues during the cross-couﬁtry
race blocked the role of internal cues resulting in a_]owering
of the effort sense. This, in turn, seemed to let the rurners
increase their pace. However, the imp]icatibns of foresaking

vital internal cues are discussed elsewhere (Chapters 6, 9 & 10).
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- CHAPTER 6

'ASSOCIATIVE/DISSOCIATIVE THINKING AND EFFORT SENSE

Morgan ahd Pollock's (1977) associative/dissociative mental-strategy
classification has dominated research into the cognitive activities
of marathoners during long-distahce racing and training. On the.
basis of inferview data théy postulated two divergent coping
stkategies: association, by which the runner pays close attention to
bodily signals, and d1ssoc1at1on by which a marathoner §QEQ§”§¢nsory
-inputs because of the discomfort they might create. According to
Morgan and Pollock elite marathoners associate, effectively reading
their body and modulating pace accordingly, whereas non-elite

runners dissociate from any potentia]]y'painfuT,'senéory cues. The
researchers offered a schematic representation (see Figure 5) of
their findings in terms of the perception of effort and proposed

the following conceptualization. Situated in the centre of the
runner's sensory sysfem is the liperceptostat", which integrates all
other sensory systems along with information stores built from

past environmental experiences. This perceptostat is switched "on"
when a runner engages in associative thinking, and switched "off"
when he/she adopts a dlssoc1at1ve mode of thinking. Morgan

and Pollock used the analogy of a household furnace to 111ustrate

the actiqns of their model. As the furnace is being driven by a

thermostat, the runner is driven by his/her perceptostat. A system
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Figure 5. The Perceptostat Model (as adapted from Morgan & Pollock, 1977,
p.400). |
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failure would be brought about in a household where the thermostat
is turned on or off without regard to the prevailing temperature
demand. A similar, but less draétic, effect would be manifested if
the thermostat were faulty and its malfunctioning were to create
an environment that is either too cold or too hot. The actual mean
temperature always overshoots or undershoots the desired optimum
displayed by the thermostat setting. The household furnace with a
faulty thermostat is running extremely inefficiently, wasting fuel
in its erratic attempts to regulate the room temperature. Morgan
and Pollock proposed that this operation characterizes the non-elite
runner engaged in dissociative thinking. The marathoner switches
fhis/hér perceptostat off by ignoring sensory cues from the body.
The perceptostat stays off until a1erted by a severe signal to
resume functioning. By that stage.the runner might already have
incurred serious tissue or organ damage-in the form of parathesia
or dyspnea. ExtremeTy severe signals such as the incipience of
heat éxhaustion or bone fracture would result in~comp1ete system
trauma. Dissociative thinking is seen to involve deficits in the
non-elite runner's energy household throughout the race, as only
severe alerting sfgna1§ bring about adjuétmentsAin pace,'repaying
the deficit momentarily and then returnjng to the signal shunning
mode of thinking agafﬁ. Literally being out of touch witﬁ the
body, the marathoner may overtax him/herself too early and have no
energy left for the finish of the race. Morgan and Pollock saw

the net result of such an inefficient‘énergy handling approach

as the eventual coming up against the "wall". In contrast, the
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é]ite runner incurs a deficit only at the start of a run and »
soon accomplishes a relative steady state by associating to the
sensory cues, effectively regulating pace. Association is believed
to generate such a conscious focus of relaxation that it could

be partly responsible for the lower oxygen consumption recorded

in elite runners:

While these differences are small when
viewed in terms of ml/kg.min., extension
of such a difference across 42 kilometres
takes on a significant meaning. At any
rate, whether one's chief concern is

with performance or avoidance of trauma,
an associative strategy would appear to
be more efficacious than a dissociative
one. {Morgan & Pollock, 1977, p.401)

A graphical representation of the association/dissociation
function in regard to the runner's energy household is presented
in Figure 6 and Figure 7 respectively. Whereas association
performs a regulatory operatjon and can be seen to act as a
valve td the runner's energy reservoir, dissociation does not
render such a modifying service; it just keeps the energy flow

open.

Morgan and Pollock attributed the elites' capacity to associaté
to fheir physiological superiority, which bermits them to run at
a greater percentage of their maximum aerobic power without

encouhtering discomfort. For example, in Taboratory tests, elite

runners' lactate levels at treadmill running speeds of 12 mph were
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Figure 6. Running energy during association is spent at a rate at which

the energy supply matches the demand set by course/situation.



139

Running energy potential

DISSOCIATION

vV
v

b -
Figure 7. Running energy during dissociation is drained without the

supply of energy matching the demand set by the ‘course/situation.

Wi ' LT WE
L CEMENT



140

recorded as 31 mg%; this was less than half as much as for

the ‘non-elite runner at the same speed. Regard]ess of which
physiological parameter used, the physiological cost was .
always significantly less for the elite runner. According to

Morgan (1978) the elite can afford to_associate because their

lungs, heart and muscle power is so substantial that they suffer

less during a race.

Even though non-elite runners exercise at significantly higher
metabolic loads, they only start to perceive the exercise
intensity to be mbre severe than the elite at treadmill speeds
of 12 mph. Morgan and Pollock (1977) ascribed this finding to
the onset of anaerobisis in the non-elite runners, who arrived
at 95% of their maximal aerobic power at that speed. They
speculated that higher perceived exercise intensities would
most probab]y have been reported by non-elite runners even at
treadmi1l speeds below 12 mph if running would have continued
for Tonger durations, because in contrast to the elite, the

- non-elite runners had not achieved a pefceptual and physiological

steady state at 10 mph.

When exercise demand is evaluated in terms of heart rate,
ventilatory volume or percentage of maximal éerobic power in
comparison fo a non-elite runner, a thoroughly trained athlete
encounteré significantly less exercise stress. It is with the

successive maximal exposure to the conditions under which he/she



will run a race that the athlete specifically adapts by making
the respiratqry, circu]atory, eniymatic, musculoskeletal, |
endocrinal and psychological adjustments necessary to perform
most efficiently under that stress (Ryder et al., 1976). An

B athlete has to work hard to attain the spectacular improvement
in specific endurance (the ability to perform sustained work at
a high input of energy) that will eventually let him/her
encountef less exercise stress when compared to less trained
individuals under similar conditions. According to Ryder et al.
the aspiring runner has little more than a gross estimate to
gauge his/her training effort by. Performances and training
methods of current record holders are evaluated by aspiring
athletes in order to judge how much greater a training effort
in terms of speed and endurance js required to approach or
better their fecord. To. achieve the ability to perform prolonged

work at a high input of energy, Ryder at al. Jisted two essential

adaptive needs for the runner:

(1) to induce changes that will enable him to
better meet the demands of his external
environment and (2).to maintain homeostasis,
the essential consistency of his internal
environment. (p.118)

Whatever the mechanisms of this adaptation process may be, the
runner has to repeatedly expose him/herself to ever greater

training stress.

Ryder et al. recognized Le Chatelier's principle at work in the

.141



142

athlete's adaptation process. When the equilibrium in a C]osed
system (athlete's ph&sio]ogica] condition) is disturbed by

changing the conditions (increased training effort) surrounding

the equilibrium, the equilibrium will shift in such a direction
(superior physiological condition) as to cancel the effect of the
change (Toon, E11is & Brodkin, 1968). It is well known that
endurance training, concentrating on cellular metabolism in -

muscle alone, effects adaptive changes in tissde respiration,

in aerobic and anaerobic enzyme systems and in systems that

store energy. Such adaptations capacitate hard training, aspiring
runners to run aerobically at speeds that forced their predecessors
to run anaerobically. In line with Le Chatelier's principle it is

the proportional increase in the intensity of training that shift;
the athlete's metabolic equilibrium so that he/she can run
aerobically at an intense rate of work (Ryder et al., 1976). While
sustaining homeostasis, the runner effects this adaptation
guaranteeing that the body makes use of its most efficient
mechanisms for the conversion of stored reserves into energy. Thus
the runner fulfills both adaptive needs as stipulated by Ryder et al.
previously. To set a new record, personal or competitive, it is .
the daily training effort that is the challenge to be mastered.
Considerations that 1imit the athlete's training, not his racing,
are what the runner has to transcend to set new records. Ryder et al.
considered these inhibiting factors to be psychological and not

physio]ogica].‘

Workouts from 30 minutes to 2 hours, three times per week, with
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exercise intensities at a high percentage of agrobic power are
minimally required for aerobic capacity conditibning, challenging
both the oxygen transport system and the oxidative processes of
‘the muscle cells (Knuttgen, 1979). Minimal improvements derive

from training at 60% of aerobic power capacity. Greater‘improvements
result from Higher training intensities employed, if the amount

of time per workout is kept constant. This app]ies to every person
endeavouring to improve his/her aerobic power essential for the .
activity of running. In the 7-month gradual marathon training
schedule by Dr. Tim Noakes (see Appendix 1) and used in this study,
the above stipulated training intensity and frequency represent the
ha]f—way mark for people previously totally out of breath and shape,
with the second half of the training schedule rapidly picking up in
demand. Put in another way, training effort is required from the
novice runner through to the elite marathoner. Increases in physical
conditionihg, and ultimately improvements in race performance, go

hand in hand with increases in training intensity.

According to the physiological argument total energy expenditure
is at an optimum when the rate at which energy is uséd is constant
(Ryder et al., 1976). For a maximum effort during training or race
the rate of energy expenditure must be such that all available
energy is exhausted just as the training session or race ends.
Economy and energy efficiency are imperative in long-distance

running (Astrand & Rodahl, 1977).

Only through circumspect surveillance of the body's functions can
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an ath]etevhope to optimize his/her running household and, therefore,
expedite and consolidate his/her trainihg effort. Associative
thinking is the means of aftaining and maintaining high training
intensity without running the risk of tissue, organ or system trauma.
As any runner has to expose him/herself to successive approximétions
of his/her relative physio]ogica] tolerance  in order to procure
aerobic conditioning, associative mental strategies are not perceived
to be exclusively practised by elite long-distance runners. It is
hypothesized that an increase in associative thinking is directly
related to an increase in training intensity regardless of the
running status_of the athlete. As the superior runner's training
schedule is far more rigorous than that of a novice or average
athlete, the supefior runner is expected to be exposed to associative
thinking far more often and for longer durations. This reiterative
exposure will manifest itself in a practice effect with the net
result of associative thinking of a more explicit and exact nature.
As such precise associative thiﬁking would mediate the runner's
performance even more efficiently, associative thinking assumes
qua]ities of a pervasive reinforcing agent. It is well known that

the effectiveness Qf pekformance feedback, particularly with
competent, experienced athletes, is directly related to its
preciseness (Carron, 1978). The preciseness of associative thinking
in the superior runner is thought to be shaped by reinforcing
successive approximations towards the tefmina] response: efficient,
precise monitoring of specific body parts' functioning. The

experienced runner has learned that the philosophy "if it doéénft
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hdrt, you can't be training hard enough" is precariously false.
Sperryn (1984) put it in a nutshell when he said that "Nature's
reply to this is ‘now that it hurts, you know that you have

injdred yourself and will have to stop training anyway'" (p.27).
Among others, Morgan and Pollock (1977) cited the example of a
runner immersed in dissociative thinking trying to "run through

the pain", ending up with clean fractures of both the left and right
fibula. Even the repeated wear and tear of minor joint injury may
introduce or hasten the degenerative condition of osteoarthrites

and curtail sport or inflict lasting pain on movement (Sperryn, 1984).
Although dissociative thinking permits the runner to negotiate
yemporary pain zones and distract from the monotony Bf the running
process, therefore initially negative]y‘reinforCing the activity of
running, or high training intensity, the attendant risk_of tissue,
organ and system trauma i§ a severe price to pay. Task-unrelated
thinking does not demand the extreme state of concentration as
associative thinking, and indeéd, is far more pleasant, but when a
high training effort is demanded it might result in bitter punishment;
According to Morgan (1978, 1984) this is the "buy-now-pay-later"

or "automatic" style of .running. The tendency to ignore warning
signals and shun even severe pain is proportionally higher in a |

meaningful, highly-valued race, in which a 1ot of time and sweat -

has been invested during training (Sanderson, 1981).

Apart from injury avoidance, associative thinking puts the athlete

into control of his/her running process. According to Morgan (1978,
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1984) this is the “pay-as-you-go" or “manual pilot" style of running.
The perpetual feedbatk check éstab]ishes the runner's control over
potential pain situations. This diligent state of control, in turn,
reduces the subject's‘stress and pain reactions (weisenberg.k1977).
Pain to]eraqce has been shown to increase when subjects are in a
position to attribute pain tolerance changes to their own efforts

(Davison & Valins, 1969).

Relaxation has also been reported to be an effective procedure for
increasing pain tolerance (Weisenberg, 1977). Task-related thinking
is directed at establishing a steady state and preserving energy,
in which the attainment of a relaxed approach to the maintenance

of the running process are eséentia] objectives. Although the
initial bractice of associative thihking demands concentration and
tolerance of discomforting sensory cues, the pay-off is consequential.
“High training effort can be maintained at optimal levels of energy
consumption, and the risk of injury is minimalized. These factors
respectively positively and negatively reinforce the practice of
assdcjative thinking, shaping the thoughts of the runner with
experience in successive approximations to more and more efficient,

precise instruments of control.

It is, therefore, hypothesized that there will be a quantitative and
qualitative difference within the associative mental strategy
displayed by marathon runners of differing running status. The

postulated difference within the associative thinking mode will
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manifest itself in a predominance of thoughts on specific body

parts and their functioning for superior‘athletes.

The tendency towards more precise body monitoring for superior
athletes is recognized to come about through a’suctessive
appfoximation method whereby initially any kind of task-related
thought reinforces the maintenance of an associative mental strategy,
as the task-related thought‘1ets the éth]ete establish control oVer
| his/her running process. Feedback from the resultant more safe and -
‘ effitient runnfng-process acts to gradually reduce the range of
task—re]ated thoughts until only exact body monitoring produces

the desired optimal running state. This successive shaping process
is time-dependent and will, therefore, indirectly express itself in
increased training frequencies and training durations for superior

runners.

In order to elucidate the interrelationship and functioning of the
above-mentioned hypotheses and processes the following fundamental
model of an information-processing system is presented and graphically
depicted in Figure 8. The model focuses on the processing of the
Sensory information geherated through the running process and on the
way the marathoner can manipulate this information in terms of:
associative/dissociative thinking. The operations within the\s}stem,
that will be referred to below, adhere to those applicable to a

serial modal model of thinking, which is consistent with many

broader frameworks for the whole human information processing system
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Figure 8. Model of information processing system.
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| (Gilhooly, 1982; Klatzky, 1980). According to the serial modal

mode] individua]é have a vast long-term memory (LTM) and a small
capacity working memory (WM, also known as short-term memory),
supplemented by high-capacity but short-lived sensory registers
(SR, also known as sensory memories). There is a sensory register
for each sense. It is important to recognize that a substantial
amount of stimulation entering the sensory registeré originates
from internal kinaesthetic sensors in muscles, tendons and joints 
(Wé]ford, 1976), in addition to stimu]iﬂentering-through

eyes, ears, nose and skin from external sources. For the clarity
of presentation and 1iné of reasoning all sensory registers are
depicted in one structure.in Figure 8. Thinking is regarded as fhe-ﬁ
manipulation of symbols both within the working memory and between
1ong?term and working memory. These manipulations are understood
to be in agreement with rules stored in long-term memory. At any
specific moment current goals and the contents of the working
memory determine which rule is adopted from long-term memory

)storage. The seria]ify assumption underlying the model states

that only one thinking step occurs at a time: Processing of
sensory cues from the running pfbcess commences with the stimuli
entering sensory registers. This bit of information can stay in
fhe sense appropriate register only for a brief period of time és
information in the SR decays rather rapidly. The longer information
stays there, the weaker it gets, ti]]lit vanishes completely. This

. erasing feature of the sensory registers guarantees that only

current, prevalent stimuli are attended to. This process creates

[

1
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disgfsiﬁ;jnformation, rather fhan incoherent, over]apping material.
While information about the stimulus is in a sensory register, a

| significant component of the system comes into play Béfore it s
passed onto the WM: pattern recognition, a complex process that
results in contact between the raw information in the Sk and the
previously acquired knowledge of the marathoner. This complex
process is signified by a closed pattern recognition 1opp. According
to K]atzky (1980) a pattern is recognized when its sensory aspects
are in somebway matched with stored, meaningful concepts. In a
general sense, pattern recognition is the process of assigning
meaning ta a raw stimulus in code form. Now the encoded, identified
“information can be passed on the WM. Here information can be held
indefinitely by recycling material over,and over again. This process,
called rehearsal, keeps renewing thé information so that decay is
never coqplete. Without rehearsal information perishes. Apart from
the limited holding time, there is a 1imit to the amount of
information that can be held in WM., The memory span of the WM can
accomodate only about seven items. Loss of information occurs if
items are not rehearsed or by overloading the memory span. Once
information has been committed to LTM by sustained réhearsa]
information is permanently stored in this highly organized structure
and there is no more loss of information when on cannot recall
something one once knew. The infofmation is there, but one cannot
get at it. Forgetting is a retrieval problem (Klatzky, 1980).
Repeated rehearsal of a specific item in the'WM enhances the

representation of the item in LTM, so that later it.is more amenable
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to recall. Knowledge stored in LTM is crucial to the process of
recognizing arriving stimuli in the sensory registers. Completed
information manipulations result in decision stimuli being acted

upon by effector mechanisms altering the running process.

The information processing system has a delineated capacity to
process information. This overall limitation can intrude into

many aspects of processing and is not linked to a particular stage.
The 1imited capacity is known as attention. Although sensory )
responses to stimulation are automatic, there is a point at which

the system reaches its maximum capacity and is unable to process

all inputs. At this point attention is anticipated to occur.

Klatzky (1980) suggested use of the term "attention-demanding-process"

instead of "attention" in order to avoid implying a fixed Tocation

at which attention happens.

Figure 9'di$p1ays the model according to how a marathoner processes
sensory cues from the running process. The runner's long-term goal
stored in LTM is to improve his/her marathon race time significantly.
Also stored in LTM is the runner's knowledge about past training

and race experiences, counsel from other runners and running
literature. The accomplished marathoner will have committed numerous
successful, as well as unfortunate running events, to LTM storage.

- Together with the productive, advantageous and invigorating running
episodes, LTM will be stocked with momentos of discomfortable,

painful and even traumatic incidents. The runner will have tried to
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Figure 9. Information processing in an efficient running household.
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make sense out of the multitude of experiences, ana]yzing every

bit of évai]ab]e 1nformat15n according to which set of circumstances
lead to what kind of outcome. And, in combination with successive
exposure to high training efforts, he/she should be in the position
" to formulate the axiom that an intensive training session is best
accomplished with a high degree of body monitoring to evade
potential suffering and injury. Thus, with the current intention

to produce a concentrated training sessioh the marathoner adopts an
associative mode of thinking in the WM. Sensory stimuli from the
working body are entered into the sensory registers and equated

to meaningful concepts stored in LTM. Raw sensory stimuli received
from propripcepfive receptor cells situated in the calf muscles
might equate to “calf muscles are tight". The meaningful information
derived from this process is acted upon in the WM when decisions are
made to adjust the pace and allow the calf muscles to perform at

a lower intensity. The runner can reinforce this process by assertive
instructions directed at the optimization of the running process

by rehearsing the command "relax calf muscles" in the WM. The
associative mental strategy adopted incisively upholds a closed
pattern recognition‘Toop, the essential feedback system for an
efficient running household. Pattern recognition, the process of
matching inc0m1n§ sensory information with previously learned
information stored in LTM, accelerates and becomes more exact with
practicé. This critical discriminatory retrieval process is shaped
and calibrated to extremes in superior experienced marathoners

through years and years of running experience. Sensory sigﬁa]s
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emitted from the adjusted running process will considerably reinforce
associative thinking when the athlete realizes how much he/she can

be in control,.

With the general goal in mind to upkeep physical fitness and the
current intention to have an enjoyable run, a runner can indulge

in dissociative thinking during the training session. Most runners
will have come to the notion that low to moderate training intensity
allows for all kinds of mental thinking endeavours without running
the risk of undue discomfort ana injury by their very own actions.
Others might not realize the potential danger and have not
experienced the eventual painful pay-off of trying to shun warning
signals from their body. At Tow training intensities this does not
;eem to present a hazard. It is when marathoners forcefully try to
push through pain barriers and thereby inflict severe punishment

on their bodies that they expose themselves to overuse injuries

and system trauma. The example of a runner's thought processes

when engaged in a low to moderately intense training effort is

shown in Figure 10. Sensory signals emitted from the working body
are not interpreted, as the dissociative thinking process
effectively blocks the pattern recognition loop. This open-Toop
systgm maintains the activity of running without making adjustments
to the running process. This means that the supplied running movement
does not yie]d_to changing course and system demands, and thereby |
incurs unnecessary energy expenditure. Dissociation produces an

inefficient running household. Only extremely intense sensory stimuli
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Figure 10. Information processing in an inefficient running household.
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occasionally break through the autonomous dissociative thinking
cycle, effecting mdmentary pattern recognition and hopefully

directive task-related intervention.

Neither of the two mental strategies is conceived to be practiéed

at the complete exclusion of the other. The hypothesized relationship
regards the proportion of associative thinking the runner engages
into to increase with advances in the training effort intensity.

The marathoner who is prepared to endure repetitive, prolonged
periods of high physical strain, necessary for’significant
improvements in physical conditioning, is seen to have formulated
clear achievement goals, and will reiterate his/her intentions

and express them in sustained effort during training. The resultant
perception of effort after such a training session is constructed

_ through the evaluation and integration of many bits of information
processed during the activity of running. This "perception is a

kind of gestalt" (Borg, Cited in Hage, 1981, p.143) and deemed

the most appropriate indicator of training effort intensity. Without
the runner's intention, achievement of‘high training effort is
impossible. Of course, superior runners also allow themselves to

run at low to moderate levels of effort. On the other hand, novice
and average marathoners can also attempt to maintain high training
efforts. The pivbta] ingredient is the learning process. More

and more frequent successive approximations to the terminal response
bring about a qualitatively calibrated mental strategy, letting

the athlete cope with the physical strain of a demanding training
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scheme. Transitions from a predominantly dissociative to a .

' predominént]y as§ociativé mental strategy have been documented
(Okwumabua et al., 1983) and are unguestionably part and parcel of
the characteristic human learning experience to progress from the
unqualified and approximate to the proficient and exact execution

of skills. According to the principle of specificity (Rushall, 1981),
the more a task is practised, the better the performance becomes.

The performance, mental or physical, therefore, becomes less

variable or improves in qua]ity. Even for the best marathoner

2 hours (and some minutes) of racing or training present diverse
opportunities to let the mind wander temporarily. Orlick (1980)
propounded that effective concentration during events 1ike marathons
tends to be cyclical. The marathoner may ehgage in a careful body
scan,. talk to his/her body, reinforce his/her performance, remind
him/herself to relax, then let his/her mind drift to his/her family
Tife and restore his/her focused concentration to initiate a

further body check sequence. Evidently, during concentration cycles
the dissociative thinking episodes are expected to diminish, as
associative thinking spans lengthen with increased training effort
intensities; The éma]gamation of the two mental strategies within the
information processing model is graphically represented in Figure 11.
Associative and dissociative mental strategies are depicted in
ré]ation to training intensity in the WM structure. As traiping
intensity must increase proportionately to effect greater gains in
aerobic conditioning fundamental to the ability to perform sustained

work at a high, efficient input of energy, the theory is advanced
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that the percentage of dissociative thinking declines as the
percentage of associative thinking rises with increﬁents in the
perceived training effort intensity. Within the WM structufe, the
shaded area, representing the associative mental strategy, grows
from left to right, as the light area, representing the dissociative
mental strategy, diminishes from‘left to right. The area proportions
are expressed in percentages and the perceived training effort is
depicted from Teft to right as expanding from low, across moderate,
to high. The pattern recognition process is contemplated to become
hore discrfminating and congruous with increases ih'associative '
thinking. Only extremely intensive warning signals break through

and are translated when the marathoner thinks about task-unrelated
material. As the runner engages in more associative thinking and

effectively demands constant acute feedback, task-related thinking

is seen to sensitize and calibrate the sensory register,

The progression froﬁ an exclusively dissociative to an exclusively
associative mental strategy approach to running can be compared

to the way authorities have learned how to deal with mushrooming
amounts of traffic. Inftia]]y. as traffic density increases and
accident quotas take on alarming proportions, étop signs replace
yield signs. Then traffic lights are introduced. With further traffic
density increased traffic lights are synchronized to alleviate the
congéstion on the road. Finally, sensors are introduced to the road
surface, feeding information about the whole traffic situation into

a computer that has been programmed to optimize traffic flow in
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Tow and peak hours.

The following chapters recount the experimental endeavours involved
in the "Tive" recording of marathoners' thoughts during training
sessions of diverse intensities, the development of a functional
subclassification system within the broad association/dissociation
framework, the content analysis of the recorded thought texts, the
evq]uation of the hypothesized relationship between mental strategies
and training effort, and the implementation of an exploratory

mental strategy programme. Implications for the optimal psychological
preparation in regard to mental strategies of marathon runners are

discussed in the concluding chapter.
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CHAPTER 7

MENTAL STRATEGY RECORDING

Research into the mental strategies adopted by 1ong-distance
.rdnners to cope with the immense effort involved in completing
a marathon has till recently relied entirely on post-event interview
data (Morgén & Pollock, 1977), anecdotal reports (Lumian, 1965, 1974),
" pre-race questionnaires (Freischlag, 1981), pre- and post-race
questionnaires (Summers, Sargent, Levey & Murray, 1982), self-report
questionnaires during laboratory-type manipulation of cognitive
strategies (Okwumabua et al., 1983) and post-experimental questionnaire
data %o]]owing cognitive strategy instruction (Weinberg, Smith,
Jackson & Gould, 1984). Sacks et al. (1981) managed to interview

ultra long-distance runners during a 100-mile road race by
tape-recording answers to a structured questionnaire read out

periodically to the runners by investigators bicycling alongside.

Nowhefe before has the continuous thought flow of runners been
documented. Sacks et al. have pointed the way in the right direction.
To advance current knowledge on cognitive coping strategies and

to avoid retrospective falsification, as well as to demytho]ogize
findings based on anecdotal reports, research into the mental
strategies employed by long-distance runners has to happen on the
spot during the activity of running to enable an unobscured,

articulate analysis.
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It was the aim of this investigation to record and document
instantaneous thought processes of marathon runners during the

full duration of their training runs.

SUBJECTS

The rﬁnners who served as subjects of this investigation consisted
of three distinct groups: (1) novice runners of both sexes who had
nevef run a marathon before and were in training for their first
attempt, (2) male and female average marathon runners who had
experienced at Teast two marathon races beforehand, and (3) superior
marathoners of both sexes who had experienced a history of highly

competitive runs.

Novice marathoners

Individuals in this group were drawn from a larger group of
volunteers that were in training for their first marathon race.

The training programme was developed by Dr. Tim Noakes, the
convenor 6f the Metropolitan Spbrts Science Centre, University of
Cape Town (UCT) Medical School (see Appendix 1). Advertisements

in the local dominant daily newspaper asked for 10 men and women of
all ages, who were healthy but physically unfit and had the
ambition to run a marathon, to come forward and act as subjects in

an interdisciplinary research project on marathon running.
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Prospective subjects were informed about the 7-month gradual
training programme leading up to the 1983 Peninsula marathon, the
physiological and psychological measurements the researchers were
interested in, and the changes in life-style they were expected to
make in regard to their eating and drinking patterns and smoking
behaviour. It was stressed that individuals from all walks of life,
irrespective of race or religion, or current unfitness level were

welcome.

Mr. Rob Cowling, a B.Sc.(Med)(Hons) Sport Science graduate of the
UCT Metropolitan Sport Science Centre was in charge of the
physiological aspects of the project and intended to utilize the

data for a Masters degree (a thesis abstract is filed in Appendix 2).

The response to the advertisement of the Cape Town population was
overwhelming: over 400 people volunteered. All volunteers were
invited to a preliminary mass meeting where they registered and

were introduced to running clubs so that they would have the means
to realize their ambition of running & marathon even if not selected
for this specific study. The researchers were able to accommodate a
maximum of 34 people, who were selected from the group of volunteers

on the following criteria:

1. Subjects had to be medically fit to undergo both

testing procedures and training.

2. Subjects had to give written consent to undergo the

testing procedures.,
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3. Subjects had not participated in any regular (three
times a week or more) physical activity for at least
5 years previously. |

4, Subjects had to be highly motivated to complete a
standard marathon and be prepared to devote considerable

time to the necessary training.

Motivational levels were indirectly assessed by screening the
volunteers' stipulated reasons for wanting to participate in the
research project. Distinct and inte1ligib1e reasons given counted

in the volunteer's favour.

Once the training programme had progressed to a level where the
majority of runners could sustain 30-minute training runs, 12
runners were randomly selected to participate in the mental strategy
recording programme up to the start of their first marathon race

(females: 6, mean age: 30.8 years; males: 6, mean age: 37.8 years).

Average marathoners

Locally known marathon runners with the minimum experience of two
completed marathons and race times befween 3 and 4 hours for males
and 3% and 4% hours for females were contacted by telephone. The
investigation was outlined to them and they were asked if they would
be willing to take part. Of the 23 runners approached, 10 volunteered

to be subjects and have their thoughts recorded on their regular
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training runs (females: 4, mean age: 29.8 years; males: 6,

mean age: 27 years).

Superior marathoners

Highly competitive marathon runners_with race times below 3 hours

for males and below 3} hours for females were included in the
superior runner group. Of the 15 runners approached in the same
manner a§ the average runners, 9 volunteered to partake (females: 3,
mean age: 25 years; males: 6, mean age: 29.3 years). Six of the

.9 superior runners were rated as elite South African marathon runners
‘with race times of 2:17, 2:17 and 2:23 for males, and 2:42, 2:52

and 2:56 for females.

APPARATUS

One of the objectives of this investigation was to procure
on-the-spot data recording for the full duration of the runner's
training session. The equipment, therefore, had to be light-weight,
small, unobtrusive, comfortable to wear and easy to operate. Seven
microcassette recorder models were considered. After extensive test
runs and consultations with experienced marathon runners it was
decided to use the Pearlcorder S901 microcassette recorder by

Olympus Optical Co-operation. Inclusive of two alkali batteries, this

microcassette recorder weighed 240 g. It had a tape speed of 1,2 cm/s,
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allowing for 2 hours recording time (60 minutes per side with a

MC-60 cassette). The dimensions of the recorder were 129 x 60 x 22 mm.
A padded, adjustable belt was designed to allow runners to'carry

the microcassette recorder on the small of their back. The belt was
made of soft cotton cloth with velcro strips at the front for belt
size adjustment. The microcassette recorder was enclosed in a foam-
padded pouch at the back of the belt in a horizontal position. A
Pearlcorder ME4 electret condenser microphone, enclosed in a cotton
pouch, was pinned at chest height to the front of the runner's vest
with the he]p'of two small safety pins, the connecting cord running
down and under either arm to the small of the back. Figure 12
illustrates how a runner carried the ergonomically designed recording

apparatus. Two sets of recording apparatuses were available to the

researcher,

To facilitate thé runners' rating of their Tevel of perceived
exertion after completion of a training run, flashcards were used.
The Borg scale (Borg, 1978, p.44) was printed on cardboard. Two
flashcards were available to the author. A card was shown to runners
each time they had finished a mental strategy recording. The

flashcard is depicted in Figure 13,

PROCEDURE

The novice runners' training programme was designed by Dr. Tim Noakes,
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Figure 12, Long-distance runner carrying recording apparatus.
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7 VERY VERY LIGHT
8
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11 FAIRLY HARD
12
13 SOMEWHAT HARD
14
15 HARD
16
17 VERY HARD
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KINDLY RATE YOUR TRAINING INTENSITY
(PERCEIVED EXERTION) ON THIS SCALE

Figure 13. Borg scale flashcard.
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an experienced sport physician and marathoner. The complete

running schedule, émphasizing careful progression from walking to
running and then a steady increase in the duration of training

runs, is filed in Appendix 1. All novice runners were issued with
(1) the detailed daily training programme, (2) a Tist of running
tips outlining what kind of shoes and dress to Wear, what to eat

and how to approach the training tasks, (3) a list of official
running clubs to enable the novice runner to join one of them and
become a licensed athlete to compete in the 1983 Peninsula Marathon,
and (4) log books, asking the novice runner to carefully document
his/her running times throughout the training programme. As part of
the physiological study undertaken by Mr. Rob Cowling, all novice
runners were requested to detail their smoking history, and, in the
case of female novice runners, their menstrual cycle history. After
having been informed about the possible minimal risks associated
with the physiological test procedures, all volunteers gave written
consent for the researchers to draw approximately 60 ml of blood three
times in the 7-month period, to undergo maximal treadmill tests
three times during the same period, and to perform two muscle

biopsies.

In addition, all novice runners consented to fill out a battery of
psychological tests at the start, the middie and the end of the
marathon training programme. The psychological test battery was
composed of (1) the Profile of Mood States (McNair, Lorr & Drooleman,

1971), (2) the Adjective Check List (Gough & Heilbrun, 1980) and
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(3) the California Personality Inventory (Gough, 1975). These

tests were administered to mbnitor possible changes in personality
disposition, self-concept and affective profile during the training
period. Data obtained from the above-mentioned tests are to form
the basis of future research papers on psychological changes

experienced due to physical exercise training programmes (Schomer,

1983).

Novice runners met with the researchers on Wednesday Tate afternoons
and Sunday mornings for their training runs. During the other days
of the week runners were expected to individually organize their
running venues and possible partners. This pattern was maintained
for the entire 7-month period with a 2-week recess over the

Christmas season.

Mental strategy recordings commenced once the programme had
progressed to a level at which the majority of trainees could
sustain a minimum of 30 minutes runﬁing. This occurred approximately
3 months into the programme. Twelve individuals were randomly
selected to have their thought patterns recorded at regular monthly
intervals till the end of the study. On average, every individual

in the group of 12 carried the recording apparatus four times. The
first two recordings were generally regarded as trial sessions to
enable the runners to familiarize themselves with the apparatus

and to get used to the task of verbalizing their thoughts during

their training runs out loud.
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Once the apparatus was comfortably fitted to a runner, the author
instructed the Yunhefliﬁ thé following manner: "I am interested to
know what runners think of during fheir run, So I would Tike you

to say aloud whatever comes to your mind during this run. Please
remember that these tapes are treated in the strictest confidence.
No third party will know what you have said. Speak your mind. There
are no taboo issues or limits here. You can speak in whatever
fashion you like. You do not recessarily have to say complete
sentences if that is not the way you think. You can say whatever
comes to your mind in sentences, phrases or words. Do you have any
questions before ybu commence running?" Any queries or clarifications
in regard to the‘recordings were answered by the author before the

runners started on their training session.

During the.initial two recordings for each individual the author

or an assistant accompanied the runner on a bicycle. The bicycle
rider trailed approximately 30 metres behind the runner so as not"
to disturb the runner's natural flow of thoughts or running pace.
Periodically the cyclist would approach the runner and encourage
him/her to speak freé]y of whatever came to mind. The cyclist also
assisted in.the changing of the tapes in case the training run went
on longer than an hour and the runner requested such help. It was
found that few runners needed any encouragement to speak free]yror
assistance with the tape change beyond the first recording session.
Once the runner had comp]eted the training run, the author requested

the runner to rate his/her perceived training intensity (level of



perceived exertion). The flash-card depicting the Borg scale was
shown and the runner was asked: "Please rate your training

intensity for this training run. I would like to know how much

you think you have exerted yourself during this training session.
Make use of the interval ratings shown on this card." Ratings of
perceived exertion (RPE) values were recorded on the tape. Only then

was the apparatus switched off and removed.

It was emphasized to average and superior runners that the author
wished to fit in with their individua]Itraining programmes. Average
and superior runners suggested times and venues where they felt a

- representative recording session could take place. The researcher
arranged on average four recording sessions with every subject in
these two groups. The sessions took place in regular monthly
intervals approximately 4 months before they entered a marathon race.
Although provision was made to regard the first two sessions as
familiarization trials the majority of runners reported that one
trial session was sufficient for familiarizing them with the
apparatus. They did not experiehce any difficulty verbalizing their
thoughts énd did not think it necessary to be accompanied by the
author or an assistant on a bicycle for the trial session. Instructions
in regard to the recording prior to the run were identical to those
given to the novice runners. Average and superior runners rated
their RPE with the aid of the Borg scale in the same way as the

novice runners at the end of a mental strategy recording sessions.



OUTCOME

Across the groups the recording apparatus was carried 109 times.
Forty-one recordings were treated as familiarization trials and
were, therefore, not made available for transcription. Of the

68 remaining recordings, 64 were judged as undisturbed and
representative by the runners. Due to malfunctioning of the
electret microphone and recording button a further two recordings

had to be eliminated.

Of the 62 recordings qualifying for transcription, the novice
runner group contributed 24, the average runner group 20, and the
superior runner group 18. Each of the 31 subjects had 2 qualifying
tape recordings. All of the 62 qualifying recordings fell within
the stipulated 45 minutes minimum and 120 minutes maximum

training run times. The 45/120 minute time interval restriction
was imposed to let novices' training run durations correspond

to those typically reported for the average and superior runners
in this study. Recordfng time ranges and averages for all groups
are shown in Table 1. To determine whether there were significant
differences in the training run times for the three groups of
runners, in'spite of the stipulated training run interval, a
one-way ANOVA (Keppel & Saufley, 1980; Lindner, 1979; McCall, 1980;
Snodgrass, 1977) was conducted. No significant between group
differences were found. The results are summarized in Table 2.

Recording times for each group are listed in Appendix 3.

173
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Table 1

Recording time ranges and averages for all groups

Beginner runner Average runner Superior runner

Minimum/maximum . 50 ~ 110 58 - 117 60 - 120
recording time

(in minutes)

Average recording 79.58 84.50 88.50

time (in minutes)

Note. Overall range: 50 - 120 minutes.
Overall average: 84.19 minutes.

Total recording time: 86 hours 33 minutes (5193 minutes).
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Table 2

ANOVA summary table for training run durations across all groups

Source of variance df SS MS F
Between groups 2 833.434 ' 416.717 1.206
Within groupsv 59 20387.607 345,553

Total 61

Not significant, p > 0.25 (Pearson & Hartley, 1954, p.156),
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DISCUSSION

"This is as close as you will ever get to a runner's mind" was the
impromptu exclamation of one of the superior marathoners after his
first recording session. Similar sentiments were expressed by the
majority of subjects. Initial skeptical concern about the possible
intrusive effect of thought verbalization on the natural flow of
thoughts was laid aside by the average and superior runners
surprisingly quickly and spontaneously. "Speaking your mind" was
seen as a concentration and consolidation of the natural flow of
thoughts. Average and superior runners generally required only

one trial recording session to get accustomed to the process of
saying aloud whatever they were thinking of during their training
runs. Similar viewpoints were expressed by the majority of the
novice runners, even though most of them utilized the two trial

sessions to get used to the verbalization of their thoughts.

A concern of a different nature was expressed by 3 of the novice
runners during their trial recording sessiohs. The runners were
worried that they seemed unable to match the speed at which their
thoughts occurred with the speed of their talking about them. After
examining their tapes it was discovered that these runners were
trying to speak in complete sentences only, as if they were writing
a story about their thoughts'during their training run. Discussing
this finding with them, they acknowledged their persistant,

frustrating attempt to explain their thoughts after having experienced
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and expressed them. These runners voiced a deep concern of having
their recorded thoughts misunderstood and misinterpreted. It was
explained to these runners that the author was interested in the
verbalization of an as natural as possibie flow of their thoughts
and that they did not have to worry about the meaning of their
thoughts. The researcher reassured them that whatever was on the
tape would be treated strictly confidentially and that there was

no set way of thinking for anybody at anytime. This was demonstrated
to the 3 runners by lTetting them Tisten to a variety of unidentified
recordings of runners unknown to them, effectively dispelling their

worries.

It has been estimated that thoughts flash through the minds of
humans at the rate df approximate]y 8 per second (Cratty, 1983).
This rate cannot be replicated in the spoken word, nor has thefe
been (and will there be for quite some time to come) any technique
for translating the labyrinthine mental activity associated with
the activity of thinking into decodeable Tanguage. The spoken word
is the most authentic representation of this highly complex

operation.

The runners in this investigation did not perceive the apparent
discrepancy between the speed thoughts occur and the verbalization
of these thoughts as an obstacle in the documentation of their
thought processes. They reported that dominant central thoughts were

the ones they were verbalizing and, therefore, an as accurate as



feasible ref]ection of what a runner thinks during the activity of
running. On the basis of the serial modal model of thinking
Ericsson and Simon (1980) outlined the conditions under which
verbalization can be expected to be an accurate account of mental
activity. Most importantly, the verbal report has to be made
concurrently with the task-related cognitive activity. For
maximum validity the subject's report must be made in a free
manner, that means in the subject's own words, not governed by any
"experimenter-set categories which may not match the subject's

own representational schemes" (Gilhooly, 1982, p.156). According
to Ericsson and Simon (1980) only information in focal attention
is "verbalizable". This implies that only information in the
working memory is verbalizable. Information concerning inputs and
outputs of current processes will, therefore, receive priority

in free concurrent verbal reports. The serial modal model of
thinking cautions that retrospective verbal reports cannot yield as
accurafe information as current verbalization about task-related
cognitive activity because the contents of wbrking memory during
processing are very transitory. Subjects asked to furnish
retrospective reports have to rely on inferences based on their

implicit causal theories of behaviour.

After familiarization with the apparatus and the verbalization task
 normal mental processes were reported to be verbalized. Runners
did not think that the process of recording itself was altering

their natural mental processes in any significant way. At the onset

178
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of this investigation provision was made for quite extensive
familiarization perfods. Only novice runnefs made use of more

than one trial recording session. For them both the task of
long-distance running and the recording were novel experiences.
Accordingly, more time was essential before feeling at ease with
the recording task during their runs. For the averége and superior
runners the activfty of running is extremely well integrated in
their normal repertoire of behaviours. According to Jones (1979),1
the physical movement of running at this level of experience is
extensively automated and attention can be paid to other aspects

of the total performance.

A major factor contributing to the successful mental strétegy
recording was the ergonomically designed equipment. Extreme care
was taken to bring the recording apparatus in line with the
recommendations and requests of the advising body of experienced
runners within the technological constraints imposed by the current
variety of microcassette recorders available on the market. The
final product was extremely well received as it was light-weight,

unobtrusive, comfortable to wear, and it guaranteed ease of operation.

The research project concentrated exclusively on the recording of
mental strategies during training runs as it is in the training
phase that an athlete has to approximate and constantly test his/her
potential for the real event (Ryder et al., 1976). Experienced

marathoners eXpressed their strong support for this argument. They
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pointed out that there is very 1itt1e room for innovation and
implementation of untriéd ideas during a race. It is of interest
to note that according to the serial modal model of thinking
(Gilhooly, 1982), thinking is seen as the manipulation of symbo]é'
both within working memory and between long-term and working
memory. The manipulations are understood to conform to rules
stored in Tong-term memory. Rules selected from long-term memory
depend on which goals are current and on the contents of the
working memory. This imb]ies that the mental side of the runner

is as accessible to training as the physiological side. It is
during training that goals are carefully conceptualized, different
strategies for achieving them put to the test and successful
ventures committed to long-term memory. Reiterated mental activities
.ease retrieval. The marathoner calibrates and ameliorates his/her
mental and physiological potential in training. The marathon race

outcome is a product of that concomitant training process.

Apart from this, exceptionally few marathoners were willing to
carry a recording apparatus during a race when questioned about
the possibility. During a race all possible pfecautions seem to be

taken to avoid even the smallest distraction from the event.

Training run durations scheduled for the novice marathoners in
Dr. Tim Noakes' training plan as from 3 months before the race
event, approached those typically reported by average and superior

runners. The difference did not lie in the duration, but in the
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frequency of training sessions per week. Some superior runners even
reported putting in a morning and an evening training session.
Nevertheless, the recorded perceived training intensities for each
individual training run were based on equivalent effort durations.
Though the thought verbalization rate and style for each athlete
was expected. to vary substantially, evaluations of content analyzed
material were to be translated into proportions of occurrence .

4 .

founded on equivalent effort durations.
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CHAPTER 8

MENTAL STRATEGY CLASSIFICATION

The associative/dissgciative typology of henta] strategy classification
has been well-documented (Cratty, 1983; Morgan, 1978; Morgan & Pollock,
1977, Okwumabua et al;, 1983; Summers, Sargént, Levey & Murray, 1982;
Weinberg, Smith, Jackson & Gould, 1984). Associative thinking focuses
the athlete's mental capabilities on the task at hand: the activity

and maintenance of running. In this mental mode close observance

is paid to feelings and sensations generated by the working muscles,
joints, Tung and heart with constant conscious reminders to stay
relaxed and in control of the pace. Dissociative thinking distracts

- from the task at hand: the sensory signals from the working'body are
 shunned. Athletes engaged in a dissociative mode fhink about everything
but the activity and maintenance of running: they think about their
childhood, their work opportunities, solve mathematicai problems

or relive whatever else might be p]easént1y distracting. Morgan (1978)
saw thié mental strategy to be a form of self-hypnosis. Sachs and
Pargman (cited 1ﬁ Cratty, 1983) undertook to explicate this primary
division further, though they concentrated on the dissociation
category. They postulated three subdivisions for the dissociative
thought category: (1) thoughts reflecting diversion, (2) thoughts
representing problem solving, and (3) those showing spontaneity on

the partAof the athlete. Within dissociative thinking diversion and ‘
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and prob]ém so]Ving.were reported to be prevalent. The researchers
cautioned, however, that their findings might well be biased, as
the introduction of their questionnaire might have distracted and

altered the runner's thought pattern.

An earlier study by Carmack and Martens (1979) surveyed the runner's
state of mind at differing phases of the run. Though the researchers
did not consider the association/dissociation mental strategy
categorization; they generated three related states of mind factors
from their post-event questionnaire data: (1) psychological well-
being, (2) psychological uneasiness, and (3) a state of mentally
"spinning free". The third factor included largely dissociative
characteristjcs: dreamy and detached meditative states which were

reported to occur after 40 minutes of running.

Another attempt at associative/dissociative itemization was made
by Freischlag (1981). Again, post-event questionnaire data and
anecdotal reports were used to evolve five cognitive foci: personal
affairs,vfinishing race, position in race, body, and mechanics in
running. No clear pattern emerged from the study and Freischlag
concluded that few marathoners fail to either associate with body
signals or dissociate by substituting thoughts of personal or
race-related concerns, but that they fluctuate between the two

modes.

Sacks et al. (1981) postulated an additional kind of thinking to the
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association/dissociation distinction. During "meditative" thinking
runners are said to focus neither on themselves nor on distracting
thoughts, rather they -are not particularly focusing at all. This
meditative mode of thinking is speculated to offer the runner a

period of inconsequential reprieve, a kind of mental vacuum.

A11 of the above-mentioned studies were pointing in the right
direction. Menta]_strétegies were seen to significantly determine
runners' ways of coping with the physiological and psychological
strain of completing a Tong-distance race, how they could apply

their potential, and what benefits they would derive from the running
process. Mental strategies were seen as factors that lend themselves
to change and, therefore, hold importént ramifications for the

improvement of a runner's performance.

A detailed, but functional breakdown of the basic associative/
dissociative mental strategy patterns was indispensable before any
meaningful manipu]atidn of the marathoner's thought processes could
be envisaged. All of the above-mentioned studies were based on
questionnaire-type data and were, therefore, limited in their

specificity and operationality.

The purposes of this investigation were (1) to develop a functional
mental strategy classification system that would optimize future
manipulation of the runner's thought processes during training, and

(2) to establish whether there exists a prevalence of associative
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mental strategy among superior marathon runners, compared to novice

and average marathon runners.
Once the above objectives had been realized the principal hypothesis

thét associative mental strategy is directly related to the perceived

expended effort was explored in the ensuing Chapter 9.

DEVELOPMENT OF MENTAL STRATEGY CLASSIFICATION SYSTEM

The well-established association/dissociation categorization
provided the basis for more specific subdivisions within the two
mental strategy modes. Association was seen to refeg to tagk-re1ated
thinking, whereas dissociation was seen to refer to task-unrelated
thoughts. It was the aim to elucidate functionally succinct
subdivisions that would allow for future instructional feedback to

. the runners without the burden of complex abstract operational
definitions. Apart from having to concur with the associative/
dissociative mental strategy classification framework the themes had

to be effective igstructiona] tools.,

The author was also interested in amalgamating Nideffer's (1981)
attentional style categorization into the mental strategy classification.
Nideffer postulated two attentional dimensions that were related to
effective performance: width of attention (broad or narrow) and

direction of attention (internal or external). The width of attention
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was thought of in terms of how much information an individual

had to process at any given time, whereas the direction referred

" to whether the individual was listening tb his/her internal cues
(feelings, thoughts) or external cues (things going on around him/

her).

Association during the activity of rﬁnning, in this context, was
interpreted as primarily internal narrowing, whereas dissociation
seemed to involve substantial internal/external broadening of the
attentional focus. This implies that pertinent performance cues
seemed to take centre'stage when an associative mental strategy
was adopted. On the other hand, broadening vision appeared to
occupy the runner's mind when a dissociative mental strategy was

maintained.

Nideffer (1978, 1980a, 1980b, 1981) has repeatedly emphasized the
criticé] role of the appropriate attentional style for optimal
athletic performance. In discussion with superior runners and from
the aha]ysis of a random sample of transcribed recordings it became
apparent that the activity of marathon running created specific
attentional demands on the athlete. Nideffer (1981) cited the
example of a marathon runner with the potential to be a contender
for an Olympic gold medal in the event. This runner's greatest
strength was his.ability to narrow his attentional focus, to
discipline himself and to concentrate with a single-minded sense

of purpose. This attentional narrowing process was seen as almost
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a prerequisite to achieving an optimal level of performance in
marathon running. In addition, Nideffer's attentional style
categorization offered further instructional insights and mechanisms

for future optimal manipulation of mental strategies.

APPARATUS

The 62 undisturbed and representative recordings were transcribed

by experienced secretarial staff on an Olympus Optical Microcassette
Transcriber Model T600. On all typed hard paper copies of transcribed
reéordings the name of the runner and his/her resultant perceived
effort rating were omitted. The mental strategy texts were coded
numerically from 1 to 62. A separate list with corresponding codes
was prepared for future name identification and perceived effort
rating analysis. The list was stored in a sealed envelope. Twenty
texts were randomly chosen for the development of the specific
subclassifications within the associative/dissociative mental
strategy classification framework and the attentional style

categorization.

SUBDIVISION OF.CLASSIFICATION SYSTEM

The texts were surveyed for. recurrent thoughts on task-related and

task-unrelated material. Within the task-related category the following
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issues dominated the runner's thoughts: breathing rhythm, pulse
rate, muscle tenseness, sensations of vita]ity}fatique, general
tiredness, feelings of stiffness, pain sensations, pace in relation
to time, distance covered, running speed in comparison to others
running, ~commands to relax, instructions'of how to adjust the
breathing, and commands to put in more effort. The main task-
unrelated issues were: family problems, intimate re]at{onship
problems, career opportunities, work problems, planning of future
deals, past marathon racing experiences or training sessions, past
running strategies, preparation for future races, weather,
temperature and light conditions, scenery descriptions, general
whereabouts, conversational chatter with other runners, and

unintelligible talk.

The multitude of issues. listed above was then collapsed into

leading theme categories. In order to derive at a functionally
manégeab]e classification, leading theme categories that cculd not
accomodate a minimum of two main issues without loss of definitional
explicitness were redelineated. Proposed theme categories were
further rigorously rationalized if they violated the feasibility

of exhaustive, mutually exclusive and independent classification,

As a final criterion, theme categories had to manifest a pronounced

gttentiona] focus.

The following 10 categories emerged as valid and reliable mental

strategy subclassifications:
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1. Feelings and affects (A)

Thoughts concentrating on general sensations of the
whole body, 1ike feelings of vitality or fatigue,
overall tiredness and stiffness without mention of
specific body parts (for example: "I feel bushed",
"still fee]fng fine", "I could embrace the world now,

no aches and pains", etc.).

2. Body monitoring (B)

Thoughts of a here and now nature containing specific
mention of énatomy, body parts, or body physiology
like breathing rhythm, heart beat, or painful calf
muscles (for example: "That thigh does seem a bit

tired", "shoulders are stiff", "hands are cold", etc.).

3. Command and instruction (C)

Thoughts reflecting emphatic self-negulatory instructions
to specific body parts or instructions to whole body
functioning distinctly related to the activity and |
maintenance of running (for example: "Relax your shoulders"

"slow, slow, go easy", "breathe deeply now", etc.).

4, Pace monitoring (P)
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Verbalized feedback on current performanée with respect
to time, distance, speed or any other available form or
method of pacing (fbr éxamp]e: “running a bit fast for

this section", "about a minute to go", "three kilometres

- to go", etc.).

. Environmental feedback (E)

Thoughts of a here and now nature on the weather condition,
temperature, 1ight conditions, smell, and noise level

(for example: "bit of a cloud over there, not too hot",
"once you're on this stretch, it's so calm", "these

car fumes - terrific, jic!", etc.).

. Reflective activity thoughts (R)

Thoughts on past and:future issues related to running,
Tike past racing experiences or training sessions, and
future race preparation and planning (for example: "the
times I have run this race I have always made it", "I will
enter the Peninsula marathon next year - give it a try",

"I remember the way I struggled up this hill", etc.).

. Personal problem solving (S)

Thoughts revolving around issues of an intrapersonal and
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interpersonal nature including ref]ective introspection,
belief system evaluation and modification (for example:
“Shame, I wonder how my girl is?", "feeling very self-
conscious about that revolting photograph in the paper",
"you know, as a kid I couln't get myself to Took into

peoples' eyes", etc.).

. Work, career and management (W)

Thoughts spent on job, work and career opportunities
including thoughts centering around the execution,
planning and construction of work (for example: "Must
get the kids to school on time tomorrow", "I'm supposed

to cut the lawns - rats.!", "I wonder if the patient I
treated at work today is going to haye another operation",

:etc.).

. Course information (I)

Thoughts of a descriptive nature about scenery and
general whereabouts that are of no consequence to pace
(for example: "Those mountains look absolutely great at
sunset - absolutely beautiful", "I'm going to run around
this shopping complex", "flowers all around me, what a

scene", etc.).
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10. Talk and conversational chatter (T)

Direct speech when in communication with other runners
- and thoughts expressing follow-up chatter to initial
exchanges, as well .as unintelligible or inconsequential
extraneous chit-chat (for ekamp]e: "Hi (name), good to
see you out here again - ya, I'm well", "How are your
new Nikes? Comfortable?", "That was Graham, hell of a

fellow, you know", etc.).

Feelings and affects (A), body monitoring (B), command and instruction (C),
and pace monitoring (P) made up the task-related (associative) mental
strategy spectrum. The task-unrelated (dissociative) mental strategy
embraced réf]ective activity thoughts (R), personal problem solving (S),
work, career and management (W), environmental feedback (E), course
information (I), and talk and conversational chatter (T).

An athlete engaged in thoughts fhat could be classified as feelings

and affects, body monitoring, and command and instruction, was seen

to manifest internal narrow attentional style. The extremely

focused and concentrated attentional style enabled such a runner

to pursue the single-minded sense of purpose: the optimal monitoring

and maintenance of the activity of running., Pace monitoring

required a shift of the attentional style to an external narrow

_focus, so that the athlete was in the‘position to judge and calibrate
his/her progress according to a narrow field of significant external

cues.
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A similar attentional focus wa§ requifed to take in task-unrelated
environmental feedback. A broadening of the attentional style was
seen to occur for the rest of the dissociative mental strategy
subdivisions. Reflective activity thoughts, personal problem
§o1ving, and work, career and management all manifested an internal
broad attentional style. External Broadvéttentiona] styles were

characterized by course information, and talk and conversational

chatter.

The complete mental strategy classification system is exhibited

in Figure 14, with relevant abbreviations shown. The mental
strategy subdivisions are placed within the attentional style

axes. The position of a subdivision within an attentional style
quadrant is indicative of its attentional centrality in relation

to other subdivisions within the same quadrant. The associative
mental strategy is c]earTy delineated from the dissociative field

| by a pronounced 1ine. The size of the subdivisions does not
symbolize their relative prominence in this general format; the
design 1ayodt signifies their position in relation to the
associative/dissociative and attentional style classification only.
This mental strategy classification disc formed the basis for
future graphical representations of mental strategy analyses, where
percentage occurrence determined the relative size of the individual

subdivision within the classification system.



Internal

Narrow

External

Attentional focus

A Feelings and affects

B Body monitoring

C Command and instruction

P Pace monitoring

E Environmental feedback

R Reflective activity thoughts

S Personal problem solving

W Work, career and management

I Course information

T Talk and conversational chatter
Associative mental strategy : A+B +C + P

Dissociative mental strategy : E+R+S + W+ I+ T

Figure 14. Mental strategy classification system.
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CONTENT ANALYSIS

Having accomplished the development of a functional mental

strategy classification, the 62 transcribed texts were readied for
examination. Content analysis has been advanced specifically for
investigating any problem in which the content of communication
serves as the basis of inference (Berelson, 1977; Gottschalk &
Gleser, 1969; Holsti, 1969). This well-established research method
was used by the author to transform the communication content of

the 62 transcribed texts, through objective, rigorous and systematic
application of categorization rules, into data that could be

condensed and statistically compared.

PROCEDURE

Two research assistants were trained in the content analysis
technique to enable a double blind research design approach.

After having been informed about the theoretical framework in whicn
the author was operating, the research assistants were supplied
‘with the 10 category definitions as stipulated above and the
classification disc. These were discussed in detail. The author
explained that the content analysis technique was being used for
making inferences by objectively and systematically identifying the
specified characteristics (designated in the category definitions

supplied) of the runners' communications. The recording unit and
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the system of enumeration were explained with the help of some
practice texts. Practice texts were drawn from a random sample of
transcribed trial session mental strategy recordings. The most

concise intelligible cognitive expression (sentence or phrase) that

could be understood when isolated was defined as the recording unit.

As the author was interested in proportionality of occurrence,
enumeration of the defined recording unit was by a single mental
strategy subcategory abbreviation (letters A, B, C, P, E, R, S, W,
I, or T). A frequency count of the subcategory abbreviations in

a completely content analyzed text was then transformed into
percentages of occurrence. Three examples of portions of analyzed

practice texts with encoded recording units are given below:

Practice text no. 1

“... The wind is right behind me now. Quite pleasant running.

| [ ] |
| E 1 T A |
Lots of problems being involved in the administrative side of
= W

running. My time is taken up too much by it. There is a power

] | | | ‘ —_—
11 W || W
struggle at work, too. One of the guys on a big ego trip. Tries to

[ | — oy —
| W | W

manipu1ate.'Doesn't have the finesse to do it successfully - the shit.
| | ' |
| W —
Wow, the seas are rough today. Quite a big swell running. The

| | | | L
| I 1 ™ I 11
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South-easter pushing it. Nice colour sky. Too many heavy trucks

| | | |
I | | I 1 1 E

around, shit. Appreciate one shouldn't run on the road. Hi (name of

| |
- S — T
other runner). Sure I will join you on Saturday. Man, you are going
| L | |
| — | T 1 T
fast. Okay, see you. That was (name), hell of a guy at 52. Must
| | ] | ||
| T— | T 1

be making the best progress of all of us. My wife goes to a psychiatrist

T || S
médman for some while. I think she should run. Would do her a lot of
! | ||
| -5 | | S
good. Thinking quite a Tot of my daughters. The eldest very ambitious,

|1 | |
1 | —S I [ S

dominant. Okay, let's tackle this hill. S]ow, now. Nice and easy

N | L |
| C | ] ¢

rhythm. Calves feel a bit tight. That's right, feels good. She must
| L | | J |
| B | A o

be under quite some strain now. Standard 9 exams and being short-

| |
S | - S
listed for prefects..."

Practice text no. 2

“... The pain is entirely bearable, but it's still in the back of

' [ 1
| A | | B
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your head. It all started up on that Camps Bay run. I kept running

| L
R mil
in spite of a stiff leg. Carrying along fast now. At the zoo. Imagine
||

| | | | _
R | P 8 i S
being in a cage. She makes me feel that way - sometimes. Oh, bloody

| | | |
T | S 1 I~

hell, that leg again. Right then, relax. Slow down a bit. Let me work

] | | | | |
B | ¢ 1 ¢ 1
at it. Use your heels. That's better, good. A1l the other aches and

| L | | | |
N | A | —A
pains are gone. It's just this mother down at the bottom.-It's nice

| 1 ||
| = B 11

to be sweating again. My present leg pains are out of step with the

| | | |
A ] B ]
way I think I was. Concentrate on being smooth, smooth. Ah, what a
| . | | L
R in —C [ |
pity, I'm slowing down. Breathing is hard. Just doesn't feel as
| | | |
P 11 B | | A

comfortable as before. Concentrate on smoothness. Relax this leg -

[ 1 11
| ¢ | ¢

damn it. Relax, relax, relax. I feel hotter than before. Go, go, go.

L I | | I ( | L I- |

| | | | | | |
11 C 1 1 A l 1 C !

Zoo parking Tot coming up. Look at those trees. What a picture.

Sunlight through leaves and all..."

]

I |
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Practice teXt no. 3

... Relax arms. Straight road. Lift legs. Eleven kilometres. Too

| | | | | || | L

| C— | = — ¢ P 1 |

fast. Slow down. Slight downhill. Thirty-six minutes. Should Toosen
L J | | | |

- = c— —1 N P A A

soon. Running easy. Considerably slower now. Comfortable. I can keep

] | | I ] I
— A | P 7 A1 C
this pace. Hey, (name of other runner) - does your mother know you

| 1
11 T
are running? (laughter) Lift legs. Glide, glide, glide. Keep the

[ |
| —¢C | ¢ | —C

pace. One, two, three. Drop arms. Just thinking about the end. I'11

I ] | i | 1
| | P 1 R 1 ]

go all out the last 4 ks. One, two, three. Keep it up. Stride out.

| Il | |
R 1 | P 1t ¢t

Keep thrusting. Loosen shoulders. Look at those legs - what a doll.

I [ ] |
¢ || ¢ | | T n

No time to make friends. One, two, three. It's great seeing more

| | | |
> | P | T
people take this up. Keep moving. Uphill to the gates. Lift legs.

1L W [
} ¢ | | I C

Relax shoulders. Keep pushing..."

R S

| | | - |
l (—— —¢ !

Both coders separately scored 12 identical practice texts and then
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came together with the author to compare results and clarify
possible queries. Wherever a category allocation recording unit
mismatch had occurred, exhaustive debate was entered into till the'

problem area was resolved.

The 62 qualifying texts weré photocopied and full sets of photocopies
were handed to each assistant for encoding. Encoding happened in

a double blind fashion. Only entirely encoded texts were brought
together and compared. Apparent encoding mismatches were discussed
and resolved with the help of the author's guidance. Only once
complete concordance had been reached, were category frequency counts
conducted and percentage occurrences calculated. The data were
entered into a standard data record sheet (depicted in Figure 15)
‘for each text. Figure 16 shows a filled-in c]assificétion disc based

on the first completed content analysis practice text.

At the top of the record sheets the ath1étes' names and RPE values
were filled in by the authof from the identification list, till

then stored in a sealed envelope. The record sheets were then sorted
according to the novice, average and superior marathon runner grouping.

Raw data tables were compiled from these sorted record sheets.

OUTCOME

In the 62 texts, 30 878 recording units were identified.. That means

\
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TEXT CODE RPE

Ath]eté Group

Association (A + B + C + P)

Dissociation (E+ R+ S + W+ I +T)

Internal narrow (A + B + C)
External narrow (P + E)
Internal broad (R + S + W)

External broad (I + T)

Total 100

Encoding mismatches

Mismatches resolved

Figure 15, Data record sheet.
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TEXT CODE 24 RPE 12

Athlete Name of runner Group Novice

%
Association (A + B + C + P) 81 24.9
Dissociation (E+ R+ S + W+ 1+ T) 244 75.1
Internal narrow (A + B + C) 55 16.9
External narrow (P + E) | 30 9.2
Internal broad (R + S + W) 132 40.7
External broad (I + T) 108 33.2
Total 325 | 100
Encoding mismatches : 9 2.8
Mismatches resolved 9 2.8

Figure 16. Completed data record sheet based on practice text.



203

a textvwas composed of an average of 498.016 récording units, with

a mean of 5.946 units verbalized per minute recording time. As can
be expected, this verbalization rate varied quite extensively from
one text to the next because runners expressed their thoughts in
their unique, personalized fashion. The tempo of thought expression
was as diverse as the length of the verbalized deliberations. In
order to translate this appdrent divergence within the text into
coherent data, the absolute frequencies of occurrence were converted
into percentages of occurrence. Knowledge about the proportionality
of occurrence of mental strategies was of cardinal interest to the
author. Sophisticated statistical analyses on the entire data set
are documented in the following chapter where the interre]ationships

between mental strategies and effort sense come under close scrutiny.

The results of the content analysis were accepted as highly reliable
as the double blind research outlay made independent verification
.of the encoding process credible. The two coders achieved 97.338%
concordance when encoding the sahe textsyentire]y separately and
blind. Of the total of 30 877 recording units processed, 30 055
reflected unanimous agreement. Of the 822 (2.662% of total) encoding
mismatches, 468 (1.516%) concerned encoding unit queries and

354 (1.146%) category queries. All encoding mismatches were resolved
after extensive discussion between the coders and the author, and

the mental strategy classification content analysis was considered

‘valid.

To test whether the superior runners in this research project
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manifested a pfeva]ence for tﬁe assdciative mental strategy approach
to running‘when compared to novice and average marathon runners, a
Kruskal-Wallis One-Way Analysis of Variance (Bartz, 1976; Cohen. &
Holliday, 1979; Hinkle, Wiersma & Jurs, 1982; Welkowitz, Ewen & Cohen,
1982) was executed on the associative thought category_data. An
insignificaht statistical diffééénte was recorded (H = 4.581; df = 2;
p > 0.05). Since the value of H was smaller than the tabled chi
square value for df = 2 of 13.820, it was concluded that the samples
came from the same popﬁ]ation, with 0.05 <.p < 0.10 (Pearson &
Hartley, 1954, p.131) that such a result would happen by sampling
error alone. In terms of the data, the superior marathon runners

did not manifest a prevalence for an associative mental strategy
over the novice and average runners in this study. The range and
distribution of associative thought proportions for the three

distinct marathoner groups is depicted by the directional scattergram

in Figure 17,

The overall averagermenta1 strategy disc is depicted in Figure 18

in comparison to the individual average discs for the novice,

average and superior marathon runner groups in Figures 19, 20 and 21
respectively. The associative mental strategy section is highlighted

in each disc. Analyses of the distinct subdivision differences within
the associative and dissociative mental strategy modes are presented in

the following Chapter 8.
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Figure 17. Directional scattergram of proportions of associative mental strategy for the experimental groups.
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R

13.206%

6.239%

2.298%

35.821%

2.619% T

Association : 32.9422 VA
Dissociation : 67.058% [ |

Internal narrow (A + B + C) : 23.453%
External narrow (P + E) : 12.108%
Internal broad (R + S + W) : 21.744%
External broad (I + T) : 42.695%

Figure 18. Overall average mental strategy disc.
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R

11.908%

1.888%

o
6.025%
[/

8.662% "‘“‘

40.954%

1.733%
T

4,667%

Association : 32.712% V/
Dissociation : 67.288% [ |

vInterna] narrow (A + B + C) : 24.142%
External narrow (P + E) : 10.304%
| Internal broad (R+ S + W) : 19,933%
External broad (I + T) : 45.621%

Figure 19. Average mental strategy disc for all novice marathoners.
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S

10.195%

2.755%

5.225%

Association : 28.005% [/
‘Dissociation : 71.995% [:]

Internal narrow (A + B + C) : 17.930%

External narrow (P.+ E) : 12.830%
Internal broad‘(R + S+ W : 26.940%
External broad (I + T) : 42.300%

—

Figure 20. Average mental strategy disc for all average marathoners.
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R
14.689%

1.978%
1.717%

T

27.583%

s
i

11.650%

I

3.650%

Association : 38.733% [/
Dissociation : 61.267% [ ]

Internal narrow (A + B + C) : 28.672%
External narrow (P + E) ¢ 13.711%
Internal broad (R+S + W) : 18.383%
External broad (I + T) ¢ 39.233%

Figure 21. Average mental strategy disc for all superior marathoners.



210

DISCUSSION

When the 62 qualifying tape retordings were being transcribed the
initial reaction of the author to the growing body of texts was
sheer exuberance. This feeling was dampened somewhat proportionally
with thé realization of what magnitude the ensuing content analysis
work would be. The task at hand: make sense of 500 plus pages of

runners' thoughts.

The mental strategy classification system that evolved through the
careful scrutiny of sample texts for leading thought themes, and
the amalgamation of these;themes and Nideffer's (1981) attentional
style categorization within the association/dissociation framework,'
- made this task practicable. This did not imply, however, that the
task of -encoding the extensive texts would be less time-consuming.
It meant that at the end the immense undertaking the mass of

information available would be condensed into manageable, meaningful

data. v

The new system offered several points of cross-reference to the

content analyst.'Once a text had been dissected into articulate
recording units, the analyst could allocate the leading theme
categories and refer td the attentional focus manifested in the
expressed thought, for confirmation and clarification in case any
matter was in dispufe.'This cross-reference process added substantia]Ty

to the definitional clarity of the relevant categories and thereby
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consolidated the high validity of the c]assification instrument

further,

Another potential avenue of approach was to home in on the theme
categories from the wide angle task-related/task-unrelated classification.

Both coders emphasized the pivotal role the cross-referencing capacity
within the system had played. This capacity would again be highlighted

in the subsequent training situation.

Holsti (1969) éahtioned about the delicate balance between content
analysis complexity and resultant reliability. As categories and
units of analysis become more complex, they are likely to become more
useful and less reliable. Judging by the highvdegree of intercoder
concordance achieved in the double blind method and the instructional
potential the multi-dimensional classification system offered, this
balance seemed to have been struck. It has to be mentioned here that
both the unit of encoding (shortést meaningful cognitive expression)
ana the category descriptions were assimilated with confidence and
ease by both coders. This must have contributed substantially td the

reliability of the content analysis.

0f course, the envisaged mental strategy training programme would
have to substantiate whether .the instructional potential could be
realized. In discussion with experienced runners the system was
assessed as specific and logistically operable., A poinf that was

stressed again and again is that a training programmé had to be
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detailed and coherent, as well as responsive. The requirement of
specificity was seen to be represented in the 10 precise theme
categories. As the sysfem amalgamated attentional foci and thought
themes within the primary associative/dissociative framework, coherence
was affirmed. The responsiveness of the system in regard to its
applicability within a training scheme was judged to lie in its
multi-dimensionality, -a definite recommendation as far as the
subjects' desired involvement (Schleser, Meyers & Cohen, 1981) in

the active participation of the envisaged mental strategy manipulation
was concerned. Should an athlete have difficulties in responding

to the specific suggestion to concentrate on his/her breathing rhythm,
for instance, the trainer would be in a position to approach the
athlete from the attentional focus dimension instead, with a less
(sbecific suggestion that he/she should try and narrow the field of
attention. Once that was achieved the narrow attentional focus could
be directed to internal cues. This round-about alternative suggestion
sequence would be responsive to the athlete's egocentric processing

of thought manipulations and eventually serve the same purpose as

the direct, specific intervention: to let an athlete experience and

practise concentrated associative thinking.

No 5a1tered states of conséiousness"; "runner's highs", "mental
drifting", or other mystical Zen-1ike experiences wére.reportéd. The
clear majority of subjects fell into what Pargman (1980) termed the
commi tted-dedicated runner class and based theié involvement in and

reasons for running on intellectual, rational ideas. Euphoric,
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mind-bending running episodes did not feature in their henta]'
strategy repertoire. A]fhdugh a "daydreaming and drifting"

("D"; dissociative, internal broad attentional focus) mental
strategy category was envisaged by the author, as such experiences
have been widely proclaimed on the basis of retrospective information
(refer to Chapter 4), runners' dissociative thinking appeared
goa]-dikected and intentional. When asked whether the verbalization
process prevented them from engaging in such mental activfty.
marathoners stated that this was not the case and that at the

very rare occasions in their running histories they might have
experienced anything sihilar, such states were most probably rather

subconsciously perceived, inconsequential and fleeting.

The goal of the mental strategy training programme envisaged was
to be able to train marathoners to control their thoughts and,
therefofe, their attention, so that they could match the specific
attentional demands which are created by: the maintenance of a

high output training schedule aimed at the optimization of the
runner's output during a marathon race. As Nideffer (1981) has
stated, the ability to control attention and to shift attention
from one focus to another is related to emotional arousal. In sport
emotional arousal is heightened the greater the competitive stress
of the situation. This reaction is part of the well-documented
f]ight?fight responsé (Everly & Girdano, 1980; Girdano & Everly,
1979; Greenberg, 1983; Reilly, 1981b). Generally speaking, the

closer the contest and the more is at stake, the greater the emotional
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arousal is likely to be with the concomitant disturbing physiological
changes of heart ahd breathing rate increases, and galvanic skin
response and muscle tension increments, to mention a few. In such

a stressful situation, Nideffer'(1981) asserted, the athlete tends

to rely on his/her particular attentional strength. That means an
athlete will focus on what he/she is most accustomed to focus on.

If an athlete has developed and nourished’§'§trong external broad
attentional style throughout his/her experiences in dealing with

the sporting environment, this attentional mode has become dominant
for this particular athlete, and this is thé focus he/she will
initially rely on when under pressure. In case the pressure on the
athlete is maintained or even intensified, this will lead him/her

to involuntarily narrow his/her attentional focus. Now less
information is processed, but more intensely. If the sporting situation
ié complex, therefore demanding attention to many different things

at the same time, the athlete will experience coping problems. Finally,
Nideffer stated, attention becomes internal on top of being narrow.
This is where the danger lies for the marathon runner. Just as the
internal narrow attentional focus can be poéitive]y centered on his/
her aftainment of a smooth running rhythm, avoiding possible
exhaustion by overreacting to another runner's challenge, so too can
it become fixed on the athlete's overwhelming negative affective
feedback, expressing worry, doubt and concern about his/her abilities.
This negative downward spiral is what has been referred to as
"choking" (Nideffer, 1981). The automated activity of.running is not

complex and, therefore, a narrow attentional style can be a decided

A
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asset in monitoring relevant task-related information from the
body and making logistic adjustments to the running process. What
the marathoner cannot allow to happen is to let the narrow focus
lock in on exclusively negative internal affective feedback. The
optimization of the'constant monitoring and adjusting process .calls
for internal narrow focusing of another kind: careful assessment
of the body's functions and subsequent positive  command and
instruction to control the running process and not let the running
process control the runner. If the athlete, for instance, receives
painful cues, positive command and instruction create the expectancy
or belief that he/she can cope with and make the necessary adjustments
to overcome the pain. Statements of a positive assertive nature
~give an individual a sense of effective personal control over the
stressful cues, which in turn reinforces the belief that one can

in fact cope with the stressor (Girodo & Wood, cited in Weinberg,

Smith, Jackson & Gould, 1984).

The command and instruction theme is seen as a vital integral

mental strategy component within the new classification system and
henta] strategy processing model. Assertive guidance and dynamic
encouragement during the run is absolutely essential in the maintenance
of an efficient running household. Weinberg, Smith, Jackson & Gould
(1984) have treated this mental strategy component as separate from
association and dissociation. However, separating "positive
self-talk-coping", as they called it, from associative'thinking is

artificial. Association dces not mean passively 1istenfng
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'to the -body cues. Task-related thinking involves active

intervention in the process of running. This active ihvolvement
completes the efficient feedback process that allows the marathoner
to produce and maintain an efficient running household. Associative
mental strategy occurs in a closed-loop system where feedback,

error detection and error correction are key elements. There is a
reference (experiences of successful runs stored in long-term

memory) fhat sets the desired value of the system (optimal running
energy utilization). The output (current running performance) is

fed back and compared to that set value for confirmation, error
detection and subsequent error correction. Without assertive

guidance and dynamic encouragement vital mechanisms for error
regulation are lacking. Feedback deteriorates into passive information
accumulation. The compensatory capabilities are weakened and the
output (current running performance) does not match the set reference

value, thereby impairing the till then efficient running household.

As Nideffer (1981) has demonstrated, an athlete can learn how to
achieve, maintain and shift his/her atfentiona] focus. If a marathon
runner does not have the attentional ability to direct his thoughts

to task-related processes and maintain them in the constructive domain
(affective feedback, body monitoring and command and instruction),
he/she runs- the risk of being propelied into an internal narrow
attentional style by rising pressures in a competitive situation.

This forced.narrowfng and internalizing of the thought épectrum is

likely to result in undesired states of anxiety and even panic. It
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is, therefore, essential for the runner who intends to optimize
his/her output to practise associative thinking to maintain an
efficient running energy household and to avoid the negative

downward choking spiral.

In Morgan and Pollock's (1977) original investigation it was
reported, on the basis pf questionnaire-type data, that elite
marathoners adopted the associative mental strategy, whereas
non-world class runners preferred to dissociate from the sensory
feedback received from their boq1es during a race. Elite runners,
it was argued, could afford to associate because their phenomenal
physical condition a]]erd them to do so, thereby processing the
pain and discomfort cues from their bodies and avoiding the risk
of tissue, organ and system trauma. Morgan (1978) reasoned that
the elite marathoners' lung, heart and muscle power are so
overwhelming that they suffer less during a race than the average
or novice runner and can, therefore, bear to process the task-
related pain and discomfort cues. A]thougﬁ highest percentage
occarrences and a relatively cluster free spread of associative
thinking were recorded by superior marathoners in this study, both
novice and average runners showed similar prevalences for associative
thinking (refer to Figure 17), the differences observed being
statistically insignificant. Across the three distinct groups
marathoners engaged in associative thinking to a resembling degree.
On the basis of seTf—report questionnaires Okwumabua et al. (1983)

reported that novice runners used increasingly more associative mental
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strategies as they gained running experience and physical proficiency.
Okwumabua et al. saw this tfend to support Morgan and Pollock's (1977)
findings that only with increases in endurance and strength can the
~cost of adoptihg a task-related mental strategy be reduced and
tolerated. The npvice runners in fhe present study had progressed

well into their training programme and average and superior
maréthoners reported well-established regular trainingvschedu1es.

This poo]vof running experience and advanced physical conditioning
midht partly be responsible for the trend documented here and will

be discussed again in the subsequent chapter when quantitative and
qualitative differences within the associative thinking have been

examined in detail across the groups.

Sacks et al. (1981) hypothesized that runners emphasize thoughts that
carry "emotional investment" at the cost of others that don't but
have nevertheless beén "thought". Associative thinking, imbued with
emotional investment and important meaning, is remembered whereas
task-unrelated material is passed over. If such a process is in
operation-during the activity of running, the accuracy of retrospective
accounts on runners' thoughts are highly suspect. Post-event,

verbaT recalls would be reduced to a collection of highly biased,
emotionally charged mental running momentos. This would imply that
previously stafed research findings and conc]usidns would be founded
on rather shaky grounds. As the current study recorded concurrent
continuous thought'flows detailed accounts of whatever went through

the runners® minds are available for inspection.
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CHAPTER 9

MENTAL STRATEGIES AND THE PERCEPTION OF EFFORT

There is a momentous effort involved in the sustainment of a superior
marathoner's training programme. Although specific training schedules
show a great variety, runners may find themselves on the road for

up to 200 km a week, week after week, one foot in front of the other.
Whatever the specifics of a training schedule, as Ryder et al. (1976)
pointed out, runners must obtain maximal exposure to the conditions
‘under which they will run. To gauge how much greater a training effort
they have to invest to beat a standing record,‘runners analyze the
perfokmances and training methods employed by the current record
holders. Deductions made inevitably have to reflect a proportionate
amp]ificatibn of the training effort needed to run that fast that far.
Byder et al. predicted that future record holders will spend their

lives running at a race pace.

What is asked of any marathoner who seeks to improve current performance
is hard work - ever-increasing amounts of effort during daily training.
It was the aim of this investigation to elucidate the relationship
between the mental strategies employed by runners during training

and the perceptions of effort. Based on the theoretical framework
proposed in Chapter'7, it was hypothesized that high training intensity

(reflected in high perceived ratings of exertion after a completed
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run) is direct]y related to high proportions of associative mental
strategy. Low training intensity (as reflected by low ratings of
perceived exertion) will be related to high proportions of dissociative
thinking. The hypothesized positive direct relationship between
increaﬁes in associative mental strategy and ratings of perceived
exertion is said to hold regardless of the running status the athlete
has achieved. This means the relationship will hold for novice,
average and superior runners. In addition, the author was interested
to explore the quantitative and qdé]itative differences within the
associative mental strategy as reported‘by the three expérimenta]
géoups. The previous two chapters have documented the methods and
procedures developed to enable on-the-spot data collection, mental
strategy systematization, and content analysis of the verbalized
thought flow. The data analyses executed here are based on the data

set generated in the preceeding chapters.

RESULTS

The data consisted of proportions (percentages) of activity time

assigned to categories of activity as exogenous (independent) variables:

A: Thoughts on feelings and affects

B: Body monitoring thoughts
C: Thoughts reflecting command and instruction
P: Pace monitoring thoughts |
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: Environmental feedback thoughts

Reflective activity thoughts

=

: Thoughts manifesting personal problem solving

w

W: Thoughts on wofk, career and management

I: Course information thoughts

T: Talk and conversational chatter

100%

IN: Internal narrow attentional focus
EN: External narrow attentional focus
IB: Internal broad attentional focus

EB: External broad attentional focus

100%

ASS: Associative mental strategy

DIS: Dissociative mental strategy

100%

equations:

ASS=A+B+C+P

DIS=100 - ASS=E+R+S +W+I1+T
IN =A+B+¢C

EN =P+ E



222

IB R+S + W

EB 100 - (IN + EN + IB) = I + T.

Two further systems of possible exogenous (independent) variables
were constructed. The relationships between these sets of variables
and endogenous (dependent) variable .
Y: Ratings of perceived exertion

were studied across the entire set of 62 cases and within groups

defined by a grouping variable (refer to Chapter 7)

G = 1: Novice marathoner
.G = 2: Average marathoner
G = 3: Superior marathoner.

Although the dependent variable Y is not a continuous measure, it
was decided that a multiple regression model would be used as an
exploratory or explanatory tool. If that pfoved inadequate data
transformations would be examined involving either or both the

dependent variable and the independent variable set.

Since explanatory models are most agvantageous when simple and
efficient, a variable subset selection technique, based on Mallow's

Cp criteriqn (braper & Smith, 1981) was chosen (refer to Appendix 4).
It is well-known that the criterion is conservative and may lead

to the inclusion of more variables in the model than might strictly
be necessary. Nonetheless, it serves as a basis to eliminate variables

which seemingly exhibit no explanatory potential. It was, thefefore,

applied to the three subject groups' data and to the aggregated data
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for each of the variable sets -
A, B, C, P, E, R, S, W, I, T

IN, EN, IB, EB

ASS, DIS.
Because each of these sets of variables is known to contain a linear
dependency (the total is 100 for each subject), it was decided to
eliminate one variable from each analysis. Here T, EB and DIS were
dropped, but check analyses for simple Tinear regression on T and EB
were conducted, in case of overlooked effects. No check run was
necessary for DIS sinqe in the last set using eithef variable in
the model is equivalent to using the other.

The analyses based on C_ were produced from the BMDPIR programme

P
(Dixon, 1981), with data summaries produced by BMDP1D. The runstreams
used to generate the analyses are given in Appendix 5.

The overall pattern emerging across the énalyses was that ASS gave
remarkably strong correlations in.all analyses within and across

the groups of subjects. The exceedence or tail probabilities
associated with the F-statistics were all smaller than the calculating
power of the BMDP suite of programmes could hapdle and are reported -
as zero (technically at most 1 in 20 000). The findings of the

above all subset multiple regression analyses are summarized in

Table 3. Graphical representations of the above results are provided
1n the scattergrams with regression lines for all groups, the novice
group; the average groub and the superior group in Figures 22, 23, 24

and 25 respectively. Regression equations are listed in Appendix 6.



Table 3

A1l subset multiple regression summary table for subset ASS

A1l (S = 62) Novice (S = 24)
‘o 0.118 ASS 0.113 ASS
R2 0.861 0.430 (C) 0.812 0.492 (C) 0.644 (IN)
0.409 (B) 0.023 (EN)
0.183 (A)
R 0.928 0.901
R2 0.858 0.421 (C) 0.804 0.469 (C) 0.628 (IN)
0.382 (B) -0.021 (EN)
0.146 (A)
F 370.99 95.16
df (1;60) (1522)
Tail | 0.000 0.000

Table continued

on next page

vee



Table 3 (continued)

A1l subset multiple regression summary table for subset ASS

Average (S = 20) Superior (S = 18)
Co 0.130 ASS 0.118 ASS
R2 | 0.883 0.445 (S)  0.483 (IB) 0.887 0.587 (C)  0.780 (IN)
0.348 (A) 0.503 (B)  0.426 (EN)
0.305 (P) 0.396 (P)
0.290 (C) 0.001 (A)
0.068 (B)
R 0.940 0.942
R2 | 0.877 0.414 (S)  0.454 (IB) 0.880 0.561 (C)  0.766 (IN)
0.311 (A) 0.472 (B)  0.391 (EN)
0.266 (P) 0.358 (P)
0.251 (C) ~0.062 (A)
0.035 (B)
F 136.04 125,50
df (1;18) (1316)
Tail | 0.000 0.000

62¢
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Figure 22. Scattergram of proportions of associative mental strategy

and perceived exertion levels with regression 1ine for all groups of

marathon runners.
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Figure 23. Scattergram of proportions of associative mental strategy
and perceived exertion levels with regression line for novice

marathoners only.
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Figure 24. Scattergram of proportions of associative mental strategy
and perceived exertion levels with regression 1ine for average

marathoners only.
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Table 3 presents the squared multiple correlation coefficient R2
and the squared correlation coefficients r2 of the individual
variables in the best subset. The so-called adjusted R? and
adjusted r2 values are included for completeness. In these tables
the ratios of r2 to R2 values may be instructive but r? values may

not be regarded as additive. Similar remarks apply to Tables 4 and 5.

Slightly better\(mu]tip]é) correlation coefficients were obtained

for the IN, EN, IB group, again with exceedence probabilities

for the associated F-statistics being smaller than the programmes
could accurately calculate, and reported as zero. Only in the
superior group was a simpler model acceptable under the Cp criterion,
which eliminated IB. Table 4 summarizes these multiple correlation

coefficients.

The best multiple correlation coefficients resulted from subsets of

the A, B, C, P, E, R, S, W, I variables; these subsets were

Novice ACPR¥
Average AB¥CPS
Superior BC*P.

Aggregated A B C P R¥* S¥*
(The asterisk behind letters denotes that the variables in question

are less important than others in the same group).

Since it was ‘the author's concern that the subset A, B, C, P should

be given particular attention, further BMDPI9R analyses for this



Table 4

A1l subset multiple regression summary table for subsets IN, EN, IB

A1l (S = 62) _ Novice (S = 24) Average (S = 20) Superior- (S = 18)
Cp 4.00 10.88 4.00 6.31 4.00 6.11 - 2.52 15.58
IN,EN,IB IN,EN,IB IN,EN,IB IN,EN
R2 0.875 0.856 0.848 0.815 0.905 0.881 0.892 0.780
(IN,EN) (IN,EN) (IN,EN) (IN)
R 0.935 0.921 0.952 0.945
Rz | 0.868 0.851 | 0.825  0.797 0.888  0.867 0.878  0.766
(IN,EN) (IN,EN) (IN,EN) (IN)
F 135 ' 37.05 51.07 61.96
df (3358) (3;20) (3;16) (2;15)
Tail 0.000 0.000 | 0.000 0.000

1€2
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subset indicated

Novice ACP
. Average ABCP
Superior BCP

Aggregated ABCP
as optional under the Cp criterion. A summary of the above results
is given in Table 5. In each case the multiple correlation was
somewhat higherﬁthan that for ASS, as is to be expected. However,
adjusted multiple correlation coefficients showed that only in the

average group could A, B, C, P be assuredly rep]aced'by ASS alone.

In the novice group the variable B showed no effect on the Y-values. |
While the Y-values indicate perceived exertion by the subject, largely
determined by ASS, the associated performance may improve as
relatively more time is transferred to activity B. Significantly

more time is spent by the superior marathoner group in activity B
than by the novice and average groups. No evidence was found of
significantly different times spent in activity A (see Table €).

This study indicates that further research to examine that hypothesis
may be useful and fruitful. (An apparent anomaly involves the average
group's ASS mean score which is significantly less than the superior
ASS mean (p < 0.05). This may indicate another possible effect of

interest to be examined in a 1opgitud1na1 study.)

The replacement of A, B, C, P by ASS within the average group

results from the similarity of the coefficients of the four variables



Table 5

A1l subset multiple regression summary table for subsets A, B, C. P, E, R, S, W, I

A11 (S = 62) Novice (S = 24) Average (S = 20) Superior (S = 18)

cp 5.67 9,76 1.59 3.04 2.75 3.73 0.96 4,25

A,B,C,P,R,S A,C,P,R A,B,C,P,S B,C,P

R2 0.882 0.864 | 0.893 0.869 0.933 0.915 0.917 0.877

(A,B,C,P) (A,C,P) (A,C,P,S) (B,C,P)

0.870 0.893 0.926

(A,B,C,P) (A,B,C,P) (A,B,C,P)
R 0.939 0.945 0.966 0.958

R2 0.869 0.855 | 0.871 0.850 0.910 0.892 0.899 0.861

(A,B,C,P) (A,C,P) (A,C,P,S) (B,C,P)

0.842 0.864 0.903

(A,B,C,P) (A,B,C,P) (A,B,C,P)

F 68.39 39.68 39.22 | 51.59 |
df (6355) (4319) (5319) (3;14)
Tail 0.000 0.000 0.000 0.000

€ee



Table 6

Statisticé] summary table for t tests with pooled variance

234

Activity A Mean Standard error Subjects
9.454 1.208 24
8.440 1.392 20
9.689 0.968 18
t test with pooled variance
Average Superior
Novice 0.550 -0.152
Average -0.737
No significant differences
Activity B Mean Standard error Subjects
6.025 0.716 24
4,065 0.551 20
10.183 1.661 18
t test with pooled variance
Average Superior
Novice 2.170 -2.298%
Average -3.495%*

Superior group significantly higher than

novice

and average

*p < 0.025

: ¥¥p < 0.0025




in the fitted regression‘model, and amounts to recognizing that
within the average group perceived exertion is rated very much
on all four of the variables equally participating in the

subjective score.

Thus, although Y was not a continuous measure, the analysis,
treating it as though it were, shows a clear tendency in Y to be
related lineariy to the specified activity component proportions.
These relationships are graphically represented in Figure 26, and
have strengths indicated (but not formally tested) by the

magnitude of F-values and associated probabilities.

DISCUSSION

~

A strikingly strong relationship exists between the associative
mental strategy and perceived trainihg intensity. Proportional
increases in the amount of task-related thinking go hand in' hand
with increases in resultant training run effort ratings. This
relationship holds within and across all the groups of marathoners.
The apparent strengths of the correlation coefficients lend

strong support to the author's contention that regardless of the
marathoner's running status a high training effort can only be
achieved and maintained safely and efficiently by adopting a

predominantly associative mental strategy that optimizes running

235

economy and energy efficiency. Although novice, average and superior
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RPE Proportions of thought categories
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Figure 26. The relationship between RPE and proportions of thought

categories with the associative mental strategy highlighted across all groups.
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marathoners go into a training session or race with differing
levels of aerobic conditioning, every marathoner has to invest
increasing proportionate amounts.of effort to promote and upgrade

his/her relative current performance level.

The relationship between attentional styles and perception of

effort shows a marginal gain in strength over the already

convinciﬁg relationship between the general association classification
and perceived training intensity. This finding underlines the

author's assertion that the attentional focus classification provides
a further particularization step within the broad mental strategy
framework. It is only for the superior marathoners that the internal
narrow and external narrow attentional foci alone yield a satisfactory
predictive formula for perceived effort. The eliminated broad
attentional foci do not play a significant role in determining the
superior runners' effort sense. The superior runners' perception

is governed by their concentration on narrow attention - to Tock

in on one thing at a time, to discipline themselves. This influential
connection is seen to arise as a direct consequence of the laborious
process these runners héve subjected themselves fo. The athletes'
attention is shaped to mind information that is paramount to

performance optimization.

Analyses of the detailed classification subsets substantiated this
trend. The best multiple correlation coefficients were obtained here.

The hypothesized quantitative and qualitative differences within
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associative thinking in relation to effort sense took on the
following form: for the novice, feelings énd affects, command and
instruction, and pace monitoring made up the strong relation to
perceived effort; the average runner widened the perception spectrum
_to include body Tonitoring; and for the superior marathoner,

feedback on general feelings and affects did not influence the
relation to perceived effort significantly. Effort sense of the
superior runner arises out of the body monitoring, command and
instruction, and pace monitoring components. The ACP, ABCP, BCP
constellation typifies the impact of the effort sense specialization
brought about by the ongoing learning process inherent in more

and more exhaustive training schemes. Body monitoring shows a
substantial effect on perceived exertion from an average marathoner
status upwards, while the role of the general affective feedback
diminishes in its relation to perceived exertion at a high running
status. When it is the intention of average or superior marathoners
to attain and sustain a high training effort, he/she does so with
the help of exact and detailed body monitoring. This specialization
effect can be explained by the shaping process the experienced
athletes have been subjecting themselves to. Successive approximations
to a finely tuned running household require an intimate knowledge

of which body component behaves and contributes to the overall effort
in which way. Overall, superior runners spend more time body ‘
monitoring than do novice and average runners when one disregards

its unique contribution to effort sense. This statistically signifiéant

difference is the most distinctive characteristic of the superior
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runners' thought profile: specifiéity through thordugh skill
practice. Mental strategy training, guiding the runner to assimilate,
or in the case of a superior runner foster, the exacting body
monitoring technique is expected to yield a substantial improvement
in the athlete's capacity to heighten his/her training effort

without the risk of injury, ahd in the long term enhance his/her
aerbbic conditioning and race times. The above-mentioned trend
generated exciting material for a longitudinal examinatibn and

will be discussed in Chapter 10, ~

A further qualitative difference became apparent on subsequent
cross-reference to the text: exact and detailed body monitoring
those very body components just checked. Whereas the novice runners
instructed themselves to "relax, relax, relax", and "stay loose,
man", the superior runners recurrently gave orders like "calf
muscles relax", and "shoulders stay loose". Both verbalizations
were correctly encoded as "command and instruction", yet the

latter example typifies the superior runner's distinctive
preciseness and power of control. Carron (1978) emphasized that
feédback has to be precise in order to be effective for experienced
athletes. Although this statement was directed at externally
de]fvered feedback, the superior runner proves it to be valid for -

self-effected feedback too.

With increasing amounts of effort being exerted during training the

verbalized thoughts across all groups took on more and more staccato
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~ characteristics. This is to bé expected and natural. Extreme
training intensities of a Borg scale value of 17 = very hard, and
above were rare, with the majority of training runs being
executed at moderate to high effort levels. At a low training
intensity (RPE approximately = 10) a typical thought expressed
about the weather condition (environmental feedback) would sound
like this: "Gee, feel this fantastically fresh, cocl morning."
The same cognition under moderate training intensity (RPE
approximately = 13) would be verbalized as: "What a fantastically
cocl morning." When expressed under high training effort (RPE
approximately = 16) it would be cut down to its bare essentials:
"Cool morning." This pattern is representative within and across
the groups, as can be made out from the three text examples below.
As effort ratings advance, sentence structures and narrations
become rudimentary and unadorned. The excerpts originate from

different runners and are listed in ascending effort order.

Average runner at low training intensity (RPE = 9)

"... Actually, bettér to run on the grass today. Look at those
kiddies, as if nothing else mattered in the world. Playing in the
mud pools. Feeling a bit tired running against the South-easter
today. Hey, someone's doing tricks on their bicycle, 1ike my son
(name). Wonder if I should get him a new bicycle for Christmas?
Would be nice, I think; Or, am I spoiling the brat? Or, should we

just stick to a paddle-ski for Christmas? Both - no ways, that
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would really mean spoiling him. That would be detrimental to his

. future. I don't know, unpredictable that sort of thing. There are
not as many people running as I thought there would be today.
Wonder where that sqirrel is I usually see around here? Little
squirrel - where are you? Quite funny, one day, running along here,
there is this squirrel in the middle of the road, I mean pavement.
I didn't want to get out of the way. Ended up having to jump into
the road or I would have kicked it over. I'm not quite sure why it
allowed me to get that cTose, perhaps it was taken unawares. Nice
car that, probably an old Rover. Lots of old cars in Cape Town

that still seem in peak condition. Ah - that building must be some
kind of school. Legs are a bit heavy. Yesterday was a day - I felt
so tired, really run down after my run with (name). I think VW made
a mistake in discontinuing the Beetle, even though it chews more
petrol than the modern Tittle ones. It's so well-established., They
must be losing out on lots of sales now. Must be lots of people
wanting to buy a Beetle - it has character. I wouldn't mind one.
Man, oh man, what a fantastic day for running. Soméone in that

car looking - nice dolly that one..."

Novice runner at moderate training effort (RPE = 13)

"... I'd damn well rather mark the essays. Am I glad not to be in
the sciences. Okay - I feel much better than yesterday. I must try
and relax a bit. I think I'm going to go on the dirt road here.

Near]y‘took the wrong turn-off. Scared to run in the veld - those
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suppose it's nice to recover that quickly from an injury. I wonder
how far I've gone. One, two, about another 2% ks to go. Means I'm
running at 41. Some runners say you must train at the speed you
want to race, basically. (Name) says wait till the knee is better.
Jogging casually now. You know, I think I should have stretched
more. My shins getting that lame feeling again. Irritates me.

Relax, baby - you']] get over it. Relax now. Such a beautiful day.

I keep trying to turn my toes in, but seems difficult. Start looking
after yourself. Would like to cycle again. But the cycle's flat and
the road is too hot and too busy. I've overcome my fear of dogs.
They seem to go for the guys. Must slow down now a bit. Cool off.
Try and relax my shoulders. Yes, relax a bit, relax. That's better -
much better. Hope I gonna feel like this tomorrow. I think I'm on
the road to recovery. Gonna push harder again tomorrow. Shins are

fine now. That's the feeling..."

Supericr runner at high training effort (RPE = 18)

"... Feeling confident. Left hamstring a little bit tight. Legs a
little bit heavy. Probably feel better once I'm warming up. Feels
good to be out. Running a bit fast for warm-up. Slow down é bit.

Warm: in the sun. Tightness in Teft hamstring gone completely. Feeling
strong. Just relax. Don't push too hard warming up. Easy. That thigh
does seem a bit tired. Slow now. That's the way. Much better now.

Been running for 20 minutes now. Get a slight sniff that is bugging
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me. Relax, just want to relax into this one. Very important to relax
the neck énd shoulders. Mdst relax the whole time.’Picking up speed.
Bit of a head wind here. Body feels good now. No aches, no péins.

| *Leés feeling nice and loose. Getting really relaxed now. Kids
playing around., Stride very comfortable. Good - just great to get
out and exercise. Little twitch in my thigh muscle. Relax that
muscle - relax. Ah, it's gone again. Haven't felt my knee problem
for about a week how.‘It's fine right now. Push a bit harder now.
Strong stride. Sometimes like to train with someone else. Just

tuck in behind and relax. Feel completely warmed up now. Really

a good place to train. Can give it all I got. That's it. Push, push,
push. Good strong stride. Great. Just drive with your ankles. Gonna
be a hard session. Getting stronger all the time. Keep relaxed.

Relax neck and shoulders. Great stride..."

Runners that produced a high training effort were questioned about
their ability to express thoughts while breathing heavily. They
percgived the staccato manner of verbalization representative of
their intense, concentrated way of thinking. There was no fixed
thought sequence for novice and average runners. Body monitoring

was not always followed by command and instruction, pace monitoring
did not necessarily elicit affective feedback. Verbalization at

Tower training intensities showed similar trends. Of course, as
training effort increased, associative thought sequences lengthened
and dissociative thoughts were few and far between. This association/

dissociation pattern can be seen as a "concentration cycle", as
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suggested by Orlick (1980), though the detailed thought sequences
within either of the two mental strategy modes were rather divergent.
Concentration cycles are graphically depicted in Figures 27 and 28,
symbolizing the predominantly associative and predominantly dissociative
mental strategy modes respectively. Association is seen to resemble
an effective feedback spiral with minimal dissociative thought
interference. Each c]osed-]oobed feedback sequence enters the runner
into a new féedback sequence based on the sensory cues from the
altered running process. Dissociative thought flashes occur, but

_do not disrupt the sequence in any significant way. The running
process is maintained at a safe and efficient energy consumption
level resulting in a high overall effort output. The dissociative
concentration cycle creates an open-looped feedback circle without
the essentially beneficial processing of sensory cues. Momentary
associative flashes do not affect the running process significantly.

The result: a relatively inefficient low overall effort output.

Superior marathoners manifested a distinct qualitative difference

at higher training efforts. Lengthy associative thought sequences
seemed to be broken only once a satisfactory adjusted running

process was assured. Very short dissociative thought flashes preceded
the subsequent lengthy associative thought sequence that would only
be interrupted once a new satisfactory running state was sensed;
Novice and average runners, on the other hand, did not manifest such
a clear concentration cycle. They engaged in short dissociative

episodes even if no direct self-manipulation of the running process
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had taken place after a body check. It seemed as if the novice

and average runner (toc a lesser extent) needed several co-existent
sensory signals to begin acting upon those specific cues. As has
been discussed earlier, superior runners enter into more body
monitoring, followed by precise command and instruction. Though
the average and novice runner also use command and instruction at
high training effort, it is rather general and oblique. Superior
runners seemed to react very swiftly to sensory cues and continued
to manipulate the running process until satisfactory results were

brought about.

Weinberg, Smith, Jackson & Gould (1984) speculated that the timing

of associative/dissociative mental strategies is critical. For the
superior runners‘in this study timing meant associating till all

was well and under control, then allowing themselves to dissociate

for a short time only. The persistent, efficient concentration

cycle pattern was upheld for the entire duration of their training
runs. Novice and average runners timed their associative interventions

(specific command instruction) more haphazardly.

Commands and instructions like "push, push, push", cr "go, go, go"
appeared to fulfil a dual function, as their repetitious constellation
resembled rhythm cues. The verbalization "one, two, three", for
instance, served the vital pacing function directly without the
forceful order to maintain or produce more effort. Pseudo-mantras

1ike "down", as used by Morgan, Horstman, and Cymerman (cited in
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Morgan & Pollock, 1977), quite easily could take on such a pacing
- function and, therefore, cannot be regarded as strictly task-unrelated.
In this context their dissociative "meaning" take on associative

properties for any marathoner interested in a steady running rhythm.

Though there was no statistically significant difference in the mean
association score between novice and average and between novice and
superior athletes (see Chapter 8), the average group's association
mean score appeared to be appreciably lower than that of thev
superior runner group. Concentration cycles at Tow and medium
trainfng intensities involved rather few body monitoring thoughts,
whereas at high intensity body monitoring assumed its significance
in determining effort sense; Féf the novice runner body monitoring
did not play such a significant part in the mental strategy»effbrt
sense relationship at all. Although the mean B score was slightly
higher for this group when compared to the average group, body
monitoring happened at random, showing no clear connection to
training effort. The ACP, ABCP, BCP constellation discussed earlier
hints at a possible learning effect in that increased running
experience shapes the athletes' thought flow to attend to body
monitoring as the training effort seems to reach critical
dimensions. This does not necessarily imply a higher quantity of
associative thought occurs overall, but association assumes its .
relevence at high training effort qualitatively. Novice runners
Ibody monitor at all Tevels to the same extent. Average runners

seem to have consolidated this thought pattern only to times when
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it matters, as effort sense increases. This trend accounts for the
lower mean association score. Superior runnefs have taken the |
associative fine-tuning of their bodies in relation to effort
expended to extremes both qualitatively and quantitatively. It is

as if average runners have reached a runhing plateau inbetween

the quantity association-oriented novice and the quantity- and
quality-oriented superior runner. Average runners seem to

dismiss the quantity of association and start to adopt the
qualitative charactéristics of superior runners. This trend indicates
another possible effect of interest to be examined by a longitudinal
study, in which a potential marathoner's progress from novice to

superior status is documented.

Morgan (1978) suggested that average runners employ dfssociatioh

to negotiate a temporary pain zone (for a full discussion on pain
and pain control see Chapter 4). Marathoners in this study preferred
to deal with pain or discomfort associatively by talking about

their origin, and adjusting pace and stride to eleviate the symptoms.
Again, superior runners distinguished themselves from novice and
average runners by their preciseness and perseverence at coping

with such problems. Pain research has come up with a model profile
of persons mosf likely to exhibit the greatest pain tolerance

(Macy & Falkner, cited in Kristal, 1982; Sternbach, cited in
Eysenck, Arnold & Meili, 1975): people whose perceptual judgement
of other stimuli also err little, who are relaxed and whose body

images are decidedly defined. In addition, pain tolerance increases
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with voluntary submission to pain, high motivation and anxiety
reduction. Experienced runners again have the edge: their long
running history has certainly exposed them voluntarily to frequent
discomfort and pain, their motivation is high and through their
positive self-encouragement on the run they persist at dealing
with their emotions. Nideffer's (1981) warning that an internal
narrow attentional focus has the potential of turning into a
"choking" spiral certainly did not apply to the marathoners in
this study. Internal narrow attention meant careful pace and body
monitoring, affective feedback and positive, assertive command

and instruction. During the recorded training session control and
' encouragement were the key factors for all runners, though
qualitatively distinct at high training effort. Anxiety states
were noticeably absent, to the clear advantage of the marathoners,
as "the body has only so much energy and cannot afford to waste

- any on expenditures due to neuromuscular tehsion in muscles not
requiring it" (Fisher, 1976, p.155). Jacobson (cited in Fisher, 1976)
referred to such an energy waste as an "effort error"., Relaxation
was fostered at high effort to handle discomfort and pain. To be
able to perform as optimally as possible under competitive
conditions, traihing has to resemble the marathon race. The effect
competitive stress can have on an athlete's performance has been
well-documented. (Bauer, 1977; Cratty, 1981;_Martens, 1975; Singer,
1975; Steinbach, 1977; Syer & Connolly, 1984; Thomas, 1978;
Wweingarten, 1982). Under race conditions exceptional physical

and psychological demands are made on the performer. The more similar
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the training is to the actual event, the better the chances that
choking is avoided and the positive, controlling aspecés of an
internal narrow attentional style uphold an efficient running
household. Of course, a simulation approach to training must be
gradual to allow for the all-important behaviour shaping process

to take place and be assimilated. Here the substantially more
rigorous and time-consuming training schemes of the superior runners
play a significant role in determining their race performance,

in addition to their actual relatively frequent marathon competition
experiences. Novice and average runners cannot be expected to

uphold high effort intensities safely and efficiently by association
if they have not been exposed often enough to racing conditions.
Sheer ignorance or an unconsolidated learning process might also
play havoc with their anxiety/relaxation states, further diminishing
effective associative control over their running process and the

resultant overall output.

Morgan and Follock's (1977) original mental strategy classification
was based on post-race interview data. The researchers came to the
conclusion that elite runners associate, whereas average marathoners
dissociate. Morgan (1978) stated that elite runners associate because
they can afford to as their phenomenal physical constitution lets

them suffer less during a race. In the light of the evidence presented
here it is argued that superior runners gb through an exacting
learning process and through successive approximations achieve the

capacity to effectively associate for prolonged periods of time,
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maintaining a high output of effort without the risk of crippling
tissue, organ or system trauma. Gains in physical conditioning

are amalgamated through the qualitative improvement in their mental
»strategy. Even novice and average runners associate when they i
produce a high training effort. Optimization of the running
household consists of a dialectic between physical strain and mental
strategy capacity. High training or racing effort is perceived to
be sustained efficiently and safely through skilled task-related
thinking. The connotation that only the anatomically and physiologically
well-endowed can benefit from an associative mental strategy
(Morgan, 1978) is wrong. When a novice or average runner has the
intention to advance his/her marathon performance significantly
without running the risk of overuse injury association has to be
practised. The risk/benefit trade-off postulated by Morgan (1978)
does not offer any real choices for the conscientious marathoner.
Tissue, organ or system trauma are too great a price to pay. At
high effort intensities no sensory warning signal is allowed to go
unheeded. Sperryn (1984) sees the major limiting factor in many
athletes' performance to be the "injury threshold". Overloading

the systeﬁ brings the system eventually to a premature, abrupt halt.

It i§ not as if training in associative thinking automatically

~ brings about miracle performance increases. Association is
practised at high effort intensities to deliver an injury-free
and efficient running process. The risk of pushing oneself beyond

the injury threshold by dissociating from the ongoing running
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process is prohibitive; During a competitive marathon event the
majority want to give all they have. High effort intensities are
turned out. Dissociation is out of place here. Only when re]ative]y‘
Tow output is wanted, is task-unrelated thinking pleasant and secure.
Marathoners, regardless of their running status, seek those states
from time to time. Problem solving, planning the future or reliving
past histories have their place when running under low strain only.

The substantial benefits of a mental strategy training programme

are.evident.
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CHAPTER 10

MENTAL STRATEGY TRAINING PROGRAMME

/
Training and competing in marathon running make immense claims on

personal time andveffort. Training schedules that marathoners follow
show a great variety. Nuances and modificétions effected within
training programmes are, as Reilly (198la) pointed out, presently

as much of an "art as a science" (p.89). Yet many of them have led to
records. Aspiring runners meticulously study the training methods

of record-holders and make, what Ryder et al. (1976) call, a
"rather.gross estimate at best" (p.118) of how much proportionately
greater a training effort has to be exerted than the record-holder
‘did in terms of speed and endurance. The key factor to success seems
to be connected to the strikiné improvement in specific endurance:
the capability to perform protracted work at a high input of energy
(Ryder et al., 1976). The runner achieves the capability to run
aerobically at an intense rate of work by repeated exposure to an
increasing training effort causing complex adaptive mechanisms to
shift his/her metabolic quilibrium to meet the energy demands

efficiently.

Marathoners with articulate goals in mind organize their work-outs to
become an integral part of their daily routines. Even with a regular

habitual training pattern established, results cannot be expected
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overnight as improvement tends to be gradual (Reilly, 198la).

In terms of the principle of involvement, the higher the goals set
for performance, the greater must be the time set for participation
and the volume of training performed (Rushall, 1981). With today's
standards of records, elite athletes spend between 1 and 6 hours a
day for 12 months of the year in training (Rushall, 1981; Sperryn,
1984). Marathon records will continue to improve for quite éome
 time to come; at quite a rapid rate anyway, if the elite can be more
| effectively protected from suffering, by now common, overuse

injuries.

Overuse injuries represent a gradual
breakdown in the locomotor system - this
is analogous to metallic stress fractures.
A certain amount of stress is absorbed
within the structure, but overload
progressively weakens the same tissues
by outstripping their ability to make
compensatory changes, until finally
structural disruption occurs and the
athlete is brought to a halt. (Sperryn,
1984, p.27) :

To steer clear of injuries from excessive overload, training effort
has to be elevated in sensibie increments. Especially during
 periods of tiresome competition light work-cuts have to intersperse
heavy training sessions. Only a circumspect approach to endurance
training supports the body's exceptional adaptive potential to be
actualized without the interference from trauma (Halberstadt, 1982;
Reilly, 198la). No longer can an athlete concentrate on the

physiological aspects of training and presume to enhance performance
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optimally. To do.so means to make an uninformed and irresponsible
decision. A circumspect approach to endurance training has to be
based on knowledge about the multitude of factors affecting

physical pgrformance. Knowledge about physiological, biomechanical
and psychological factors that govern performance have to be
integrated. Several sport scientists (Gowan, Botterill & Blimkie,
1980; Hickman, 1980; Klavora, 1980b; Rushall, 1981; Salmela, 1980)
have pointed out that specifically psychological knowledge about
sport performance has been neglected in research and application.

It is with this back-drop in mind that thetfo11ow1ng mental strategy
~ training programme was designed, explored and evaluated. Implications
for the training of long-distance runners are discussed at the close

of the chapter.

TRAINING IN ASSOCIATION OVER DISSOCIATION

To get anywhere near today's records, the quantity and quality of
training has to be formidable. To beat future records the athlete

has to work harder and longer than is presently being done. The
tremendous training effort involved pushes the athlete closer to
his/her physical and menta1 Timits. A major concern of the sport
scientist is to ensure that the athlete achieves and maintains his/her
potential without the debilitating impact of overuse injury (Glover

& Shepherd, 1979; Markham, 1981; Reilly, 1981b). Marathoners run a
high risk of serious injury when adopting a dissociative mental

strategy to cope with a high training or racing effort (Morgan, 1978;
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Morgan & Pollock, 1977).

Though dissociation from discomforting and painful sensory signals
appears to be more pleasant than dealing with the warning signals
right there and then, there is the increased potential of stress
fractures to go unheeded, and heat stroke or heat exhaustion to be
fostered. Unless accessible medical services are provided, heat
stroke or exhaustion can lead to permanent damage or even death.
Psychological trauma and negative‘addictive.effects have also been
identified to originate from the runner's incessant quest to
dissociate to such an extent as to produce “transcendent experiences"
or other mystical adventures (Morgan, 1978, 1979). These risks must
be spelled out to the runner, so that he/she can develop reasonable
and realistic attitudes and skills to guard against wanton suffering
(Sperryn, 1984). At best, dissociative thinking can be expected

to sustain an inefficient running household at high training
intensities. The potential hazards of dissociative thought fade with
decreasing training effort; However, the athlete must "remember that
in training, as in life, you get what you work for" (Sharkey, 1975,
p.135), and that means, the aspiring marathoner, of whatever‘running
status, has to expose Eim/herse]f to successively greater training
intensities to enable his/her»aerobic conditioning to improve
significantly. One could argue that with increasing running status
marathoners subject themselves to a proportionately greater risk of
dissociation "misuse" as their training schemes demand more

frequent and Tonger effort. This inclination, however, seems to be
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ameliorated by the protracted learning process experienced runners
have gone through. Precise and decisive body monitoring has

characterized the superior runners in this study.

Morgan, Horstman, and Cymerman (cited in Morgan & Pollock, 1977)
claimed to have achieved an average 30% performance gain over
base-1ine when young male adults were instructed to use a "pseudo-
mantra" during an endurance task consisting of walking to complete
exhaustion ét 80% of V0, max. Modelled on the technique reportedly
used by Tibetan Mahetang monks the above laboratory experiment seehed
to suggest that a simple dissociation strategy can facilitate
endurance performance. In a more recent account of this experimental
manipulation, Morgan (1984) claimed a 19% superior performance

for those utilizing pseudo-mantras in the laboratory. One has to
caution, however, that a 30-minute run in a laboratory does not
require the extreme amount of attentional control and stamina
required to finish a 42.195 km marathon with its diverse course
conditions in a safe and efficient manner. No direct way of
measuring the subjects' adherencé to the simple pseudo-mantra “"down"
was mentioned. The question is not so much whether under quasi-
hypnotic suggestion one can coerce greater performance out of subjects,
but whether extremely controlled (artificial) laboratory-type
manipulations produce the same mental set that a runner builds up
over long periods'of time to adhere to and cope with long-distance
running training and competing. There seems to be little relevance

in comparing inconsequential one-treatment experiments with influential



259

life-time endeavours. The se]f-protectfng asSociative mental strategy
deve]oped.by marathoners‘to cope with the effort demanded from high
intensity running holds adaptive significance. The risks of overuse
injury are too great. Efficient running is what aspiring marathoners
are after and nobody wants to "drop dead" as they cross the finish

Tine.

In an attempt to test whether association or dissociation pfoduce
greater performance increases, Okwumabua et al. (1983) instructed
novice runners in the use of these mental strategies and observed

the subjects' running improvements over a li-mile distance after

5 weeks of three times weekly, l-hour coaching sessions. Mental
strategy training consisted of a 10-minute set of instructions
presenting a positive rationale and information on how to carry

cut the distinct strategy. Post-coaching questionnaires revealed that
subjects did not adopt the experimenter-delivered mental strategy.
Regardless of the instructional set, subjects reported inCreasing]y
more associative mental strategies as they gained running experience.
A]though a 1i-mile run has very little to do with a marathon, the
task at hand seemed to be of sufficient intensity to shape the
runners' effective mental coping capabilities. When disregarding the
original group assignments and relying on the final post~coaching
reports of how much of each strategy the subjects were using, it
seemed that those initially engaged in relatively more dissociative
thcught improved the most. Of course, with this data manipulation the

researchers brushed aside the apparent learning process the subjects
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indicated to have gone through.

In a one-treatment approach experiment, weinberg, Smith, Jackson,
and Gould (1984) let regular runners try and cover as much distancé
as possible in a 30-minute period utilizing either association,
dissociation or positive self-talk. Again, subjects-of similar
abilities were presented with an instructional package explaining
what the mental strategies are all abodt only just before the run.
No significant differences were reported. The potential effectiveneSs'
of the particular mental strategies might have been negated as
subjects did not produce fhe required "all out" effort, but
carefully paced themselves. The researchers noted, however, that in
a similar experiment conducted by Sachs (c}ted in Weinberg, Smith,
Jackson & Gould, 1984) subjects seemed to be fairly set in their
mental strategy approach and often expressed negative‘sentiments
about the necessity of being required to use a strategy which was
foreign or in opposition to their habitual thought processes.

In a subsequent experiment by Weinberg, Smith, Jackson, and Gould
(1984) dissociation and positive self-talk appeared to produce
better performances on an "all-or-none" leg-1ift task. They = .
pointed out that a leg-1ift task allows no regulatory control on the
part of the subject, pain and effort increase consistently with
time, whereas during a running performance subjects can "s]aék of f"
and negbtiate stressful episodes. The performance requirements are
quite dissimilar and signify an essential distinguishjng component

in the tasks: the subjects' opportunity to actively intervene in the
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effort application.

Morgan (1978) cited several examples of elite runners emphasizing

how task-oriented thinking enables them to actively stay out of
“trouble", avoid the "wall" and control their éffort from within,

For runners that closely listen to their body's signals the wall
doesknot exist., It exists for those that let their watch determine
their pace. At high training or racing intensities associative -
thinking provides the means to keep firm control on the power of the
thoroughly trained athlete's body (Straus, 1981). For a maximum

effort to be attainable during a marathon, the runner has to spend

the available energy in such a way that the body's resources are

just about exhausted as he/she crosses the finish line. An associative
mental strategy obviates the marathoner from overextending him/herseTf
too early and counteracts holding back too much (Orlick, 1980), and the
potentially crippling danger of overuse injury is minimized (Morgan,
1978; Morgan & Pollock, 1977). To advocate and train marathoners in
the use of dissociative thinking and ignore its potential harmful
effects at high effort output presents a precarious and irresponsible
undertaking. In some aspects, the-prospects of dissociation training
bring Richardson's (1980) article "How to ruin an athlete" to mind.
Once dissociation has been (erroneously) taUght, the effort involved
in eliminating ingrained performance "errors" is well-known (Welford,
1976).'As Weingarten (1982) rightly pointed out, sport psychologists
are supposed to pre-identify and eradicate all sorts of_unnecessary

7 .
stress factors which are either energy-consuming or perplexing, and to
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establish and teach methods that let the athlete cope efficfent]y
under strain and achieve his/her optimal performance. To bring out
the long-distance runner's optimal physical skill in marathon
running association has to be taught. In view of the findings
.presented in Morgan and Pollock's (1977) origina] study and the
present investigation, training in dissociation in a real-life
setting away from a controlled laboratory environment is untenable -

it takes on an unethical flavour.

#

ASSOCIATIVE MENTAL STRATEGY TRAINING PROGRAMME DESIGN

Parker (1983) reported that a kind of associative concentration

has been successfully taught by Powers to subjects in a laboratory
using biofeedback equipment. The researcher speculated that this
technique could be transferred to the athletic arena. The suggested
technique would again rely on pre-activity intervention, apart from
the sophisticated equipment needed to carry out such a training
programme. It was the aim in this traininé programme to intervene
in the thought processes of the marathoner during the activity of
running and to shape the thought flow as fo imitate the precise and
directive associative thinking displayed by superior marathoners at
high training intensities in this study. A conscious focus of
re]axation is part and parcel of this associative thinking mode. The
training effect is expected to yield a more efficient and safer

running process, enabling the marathoner in the long-term to produce
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training efforts of higher intensity. Higher training efforts are
expected to advance the marathonér's aerobic conditioning to a
significant extent, if he/she wishes to pursue such a goal. Obviously,
in the short-term, racing results are not foreseen to improve. The
training programme's primary aim was to let the athlete experience

and adopt a more efficient, safe mental apprdach to endurance

training.

Mental strategy training during the activity of running was made
feasible by the adapted, light-weight, two-way transceivers that
permitted completely hands-free, continuous communication between
trainer and athlete. With the help of the two-way radio link the
trainer had immediate access to the marathoner's verbalized thoughts and
could direct the runner's thoughts by means of positive suggestions and
encouragement progressively towards a higher proportion of task-related
issues. In addition to the two-way radio the trainer had to carry .

the light-weight microcassette recorder in order to record the progress
of the intervention phase. The strategy shaping process was intended

to be structured around each individual marathoner's distinct current
mental strategy capacity and advance at a pace congruent with the
marathoner's learning rate and needs. Wéinberg, Smith, Jackson, and
Gould (1984) cautioned about the apparent methodological pitfalls in
ignoring runners' preferences and habitual thought processes. Therefore
the mental strategy phase was designed to emphasize information that
would normally be present during the activity of running and to

wean trainees relatively quickly away from the additional cues
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provided by the trainer in order to secure optimal initial
comprehension of the task. Welford (1976) stressed the'inherent
danger of over-reliance on extra performance information.
Performance tends to deteriorate if a trainee has come to
over-rely on such information and it has to be removed during
subsequent training or competition. Intervention was, therefpre,

pianned to be on a one-to-one basis, concentrated and concise.

Subjects'

SeQera] runners had indicated their interest in a possible training
programme during the mental strategy recording phase. Of these,

10 runners could be accommodated whose private/work commitments

did not require them to leave the Cape Town metropolitan area for

the 5-week duration of the envisaged programme. The subject group

was made up of 4 novice runners (marathon race times for males: above
4 hours; females: above 43% hours), 2 average runners (marathon race
times for males: 3-4 hours; females: 33-43% hours), and 4 superior
marathoners including 2 elite runners (marathon race times for

males: below 3 hours; females: below 3} hours; elite marathon race

times for males: below 2} hours; females: below 3 hours).

. Apparatus

t

The desired equipmenf had to meet the same strict selection criteria

as those outlined in Chapter 7 for the recording apparatus.
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Subsequently, several portable two-way radio models were tested.
Talkman Mode] C900 FM transceivers by Standard Communications met
all criteria. These portable two-way radios with a frequency of

- 49,830 to 49.890 MHz were-extremely light-weight (250 g including
battery and headset), small (101 x 63 x 19 mm), unobtrusive,
comfortable to wear amd easy to operate. The voice-activated solid
state circuitry enabled completely hands-free communication. The
tranceiver box incorporated a removeable belt clip and a headset
consisting of an earpiece, microphone and antenna. With the antenna
extended a range of 400 m was realized. The Talkman transceiver set
carried by the trainer was adapted to enable simultaneous recording
of all communication on the Pearlcorder S901 microcassette recorder.
The transceiver unit was clipped to the carry-belt that was used for
the mental strategy recording phase (described in Chapter 7) and
connected to the microcassette recorder. The marathoners only
carried a transceiver unit clipped to their running shorts.,The
conplete communication system is displayed in Figure 29. Bﬁcyc]es
were provided for the trainers to stay with ease within the 400 m
transmission range of the system. Two comp]éte transceiver—re;order

sets were available to the author.

In addition to the equipment described above, a questionnaire was
compiled in consultation with experienced marathoners to facilitate
the evaluation of the training programme by the trainees (see
Appendix 7). The questionnaire asked trainees to rate their immediate

responses to the mental strategy training programme in regard to
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Figure 29. Marathoner carrying hands-free, two-way radio with headset

consisting of an earpiece, microphone and antenna.
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quantitative and qualitative performance improvements now and
expected in future, the suitability of the equipment used, and
duration and strength of the intervention. Additional comments and

recommendations were welcomed.

Procedure

Mental strategy training sessions were arranged to fit into the
habitual running scheme of the individua]imarathoners. spread

equally over a 5-week period with a once-weekly 45-minute intervention.
To monitor the progress and reaction of the marathoner to the

training procedure, £he first, third and fifth intervention sessions
were recorded for prompt transcriptions and content analysis. The

| content analysis was conducted in the same fashion as that outlined

in detail in Chapter 8. Pertinent information from the recorded
sessions was made available to the trainer to allow for desired

intervention adjustments.

Two research assistants, chosen for their high sense of responsibility
and dedication, as well as their pleasantly dynamic personalities

and personal running experience, were trained by the author to
administer the mental strafegy training programme. The assistants

were fully briefed about the theoretical framework in which the

author was operating and the rationale and the objectives for the
intervention programmé. As the assistahts became proficient in the

application of the'apparatus and the intervention method, they
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were allocated to 5 marathoners each, randomly selected from within
the three running grades. Thus each trainer introduced himself to

2 novice, 1 average and 2 superior marathoners. The initial meeting
was regarded as a trial session to familiarize the marathoner with
the apparatus, explain the rationale and objectives of the programme

and establish a congenial relationship between trainer and trainee.

Trainees were informed about the general findings of the mental
strategy recording investigation and that it was the authof's
intention to promote an associative mental strategy that would
cultivate an efficient and safe running process at high training
intensities; the training programme was designed to optimize the
aspiring runner's potential without running the risk of tissue,

organ or system trauma. Tangible results were expected in the
long-term only, during which period the marathoners adopt, accommodate

and consistently practise the recommended approach.

With the marathoners' consent the author was able to make use of

the already existing mental strategy transcriptions (refer to. Chapter
7 and 8) and treat that information as "base-line" mental strategy
characteristics for each subject. Trainers were briefed about relevant
idiosyncratic trends to facilitate rapport with the subjects. All
communications between trainer, trainnee and author were regarded

as strictly confidential.

The five intervention sessions, arranged individually with each runner,
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took on the following typical sequence: Once a traﬁce{ver was comfortably
fitted to a marathoner, and a transceiver plus recorder to the trainer,
the runner was asked to commence with the training run at his/her
habitual intensity and to verbalize whatever thoughts would come to
his/her mind. The trainer kept a reasonable distance behind the runner,
but stayed within good transmission range. The shéping procéss
typically commenced a few minutes (maximally up to 5 minutes) into the
training run. Trainers were instructed to start by positively
reinforcing any associative thoughts, praising the runners for their
general affective feedback, body monitoring, command and instruction,
and pace monitoring. Dissociative thoughts were not commented 6n

during the first tfaining session.
A typical excerpt from a recorded first session shaping sequence follows:

Runner : "Can't get myself to go to the dehtist. Yearly check-up
and all that. Must be a childhood fear. Feeling great out
here. Easy rhythm. Legs really working well,"
Trainer: "That's good thinking. Tell me more about how your body feels."
Runner : "Shoulders really relaxed. No pain, no aches. Calf muscles
working smoothTy'and warm. Going up that incline now. Pushing
i;.'One; two, three. One, two, three. One, two, three."
Trainer: "You really sound as if you are concentrating on pace now -
keep it going."
Runner : "Easy stride now. On top. And easy stride now. What a

beautiful evening. Love to smell trees and things. Can you
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imagine living up here. The hogses must cost a fortune. Had
a good work-out yesterday, too. Got to slow down here a bit.
Don't want to over-rev, do we? Slow, slow, slow. Easy swing.
That's it."

Trainer: "Yes, excellent. Encourage yourself."

Runner : "Keep going, easy rhythm. Lots of energy left. Feel on top
of the world. And into this side street for the home-stretch.
Accelerating a bit. Strong stride, lots of energy. Legs
relaxed and strong."

Trainer: "That sounds just the way to do it. Very good control."

Marathoners were encouraged to practise the level of associated
thinking achieved in the preceding session for the remainder of their
training week. Before each of the subsequent training sessions
marathoners were reminded to run at an intensity level most natural

to them and in line with their long-term conditioning goal.

This learning experience was consolidated in the second meeting as
trainers began to politely interrupt runners from dwelling on
dissociative thoughts. Runners were asked to revert to task-related
thinking. The shapiné process gained in momentum in the third session
as trainers concentrated on developing body monitoring, command and
instruction, and pace honitoring. General affective feedback was
accepted but not positively reinforced. Only short dissociative

episodes were tolerated.

Third session communication sequences characteristically sounded
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~ 1ike the example given below:

Runner :

Trainer:

Runner :

Trainer:

Runner :

Trainer:

Runner :

Trainer:

Runner :

"(Name of other runner) was stupid to run a marathon a week
before you shou]d‘run for your province. Western Province

are ..."

"Can you please try and concentrate on your running now.
Narrow your attentional focus. Look inwards. How about some
feedback on what your muscles feel 1like?"

"Okay, sure, thanks. Legs are still fine. Just a bit of a
tightness in the left calf., Otherwise relaxed.”

"That's what I mean. Let's work on that tight calf muscle.”
"Right. I'm slowing down a bit. Slow and easy now. Slow and
easy. Calf muscles relax. Loosen up. That's right, loosen

up. Warm and relaxed. Smooth stride. That's better, much
better. Okay. Now for thése calf muscles - a big cheer.
Great."

“That's solid positive feedback. Keep it up. Stay in control."
"Yes, I'm in control. Do you hear that, muscles, bones? I

want to push a bit harder now. Relaxed, good work. Hell,

what a feeling. Strong. Push, push, push. Tomorrow I'11

run up Constantia Nek. I Tove that part. Just those dogs
sometimes. Kelly is such a cute thing - never bothers joggers."

"More thoughts on your pace, please. You know you are in

“control here."

“Sure, just look at my stride now. Come on. One, two. One,

two. One, two. Getting stronger all the time."
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In the fourth meeting the associative thinking characteristic of
experienced runners was strengthened, and dissociative thinking
discouraged right from the start. The fifth session focused entirely
on precise body monitoring, positive assertive command and instruction
and succinct pace monitoring, with diminishing interruptions from

the trainer towards the end of the training session.

A true-to-type fifth session recording revealed focused thinking

with relatively few interceptions from the trainer:

Runner : "Feeling a bit of a pain in the back of my heel. Achilles.
It's those new shoes. Slow down a bit. That's it. Just
right. Run them in well. That's it. Just relax and wg}k.
Pick up, pick up, pick up. Easy. Breathing deeply. Cross
the road quickly here. Cars coming. Watch this uneven bit
here. Keep the beat. That's it. Just listen to your feet
hitting the ground. Good rhythm. Right-left, right-left,
right-left. Don't let up. Bit of an uphill. Slow pace.
Shorten stride. Shoulders and neck relaxed. Beautifq], keep
on going. Legs are getting a bit heavy now."

Trainer: "You know you can work on that. Let's hear it."

Runner : "That's right. Control stride. Relax, relax, relax those
legs. Relax, relax, relax those legs. Wind behind me now.
Flat section ahead. Can stretch my pace a little bit.
Steady pace. Deep, deep breathing. Running with fairly low

action. My heels, my thighs, my legs have recovered. Now I
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am getting back in a great rhythm. Must be running at about

70% now. They've repaired the sidewalk here. Quite an

improvement. Running at comfortable sort of marathon pace.

Concentrating on my legs now. Dropping shoulders. Relax a11

the way.‘Relax all the way. Excellent pace. Strong stride."
Trainer: "Control in motion. Absolutely beautiful."

Runner : "And getting better all the time."

At the end marathoners were informed that what they had just produced
was analogous to the mental approach adopted by superior runners at
high effort intensity, and that the concentrated associative way of
thinking could now be maintained and fostered by their very own

effort without any outside help.

At the onset of each training session marathoners were complimented

on their progress towards concentrated and disciplined thinking.
Trainers also provided relevant information on trends recognized from
the recorded and transcribed sessions at the start of the second and
fourth meeting. Debriefing took place after the fifth session, All
participants were thanked for their tremendous co-operafion and
achievement, and then strongly encouraged to maintain and apply the
fostered associative strategy whenever they wished to procure a strong

running output efficiently and safely.

Marathoners noted their perceived training intensity with the help

of the Borg scale after the three recorded sessions (in the same
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manner as set out in Chapter'7). Trainees evaluated fhe training
programme by means of a questionnaire immediately at the end of the
5-week intervention period and by means of a structured interview

6 months later. The interviews centred around the opinions and .
feelings expressed by individual subjects in the initial evaluation

- to gauge any change in sentiments. Additional information, suggestions

or insights volunteered by the marathoners were welcomed.

The entire training programme sequence is depicted graphically in
"Figure 30. The reaction and brogress of each individual marathoner

are set out in the following case study reports. An overall evaluation
is tendered and implications for the future training are examined in

the discussion.

CASE STUDIES

In order to preserve the marathoners' identity case studies will
refer to the subjects as he or she and in subsequent discussions as
marathoner Case 1 to marathoner Case 10. Reports are arranged in
descending running status. The abbreviation MSTP is used for mental

strategy training programme.

CASE 1

Subject : 24-year old male athlete, rated among S.A. elite
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marathoners.

Running history:_14 years experience; member of the Stellenbosch

Athletic Club; best standard marathon time of 2:15:48
achieved in 1983 Peninsula marathon, |

Training : 6 to 7 sessions a week covering abproximaté]y 120 km;
regarded his approach to running as serious.

MSTP evaluation: The athlete's co-operation and enthusiasm for the

programme was outstanding. He expressed a strong belief that the
mental aspects of marathon running were as important to him as
physical conditioning. His progress through the 5-week intervention
is graphically represented in Figurev31. Although the athlete's
initial use of associative mental strategy at high'training
intensities was already well-established, the marathoner felt that
the thought verbalization in combination with the shaping process
initiated by the trainer strongly advanced his ability to concentrate
on relevant task-related issues. Perceived training intensity
remained stable for the first two recordings and advanced in the

last session. The athlete indicated that he expected the MSTP to
improve his performance in the long-term only and that he would
definitely make use of it in training as well as in competition. He ’
emphasized that he had been thinking along similar lines already,

but that the MSTP honed his ability to do so. The training method

and duration were evaluated as optimal, as it was important to him
not to become dependent on any externally controlled training
technique. To him, serious marathoners in the end have to rely

on their own resources. The MSTP was seen to contribute significantly
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to the realization of one's potential and he would positively
recommend the programme to other long-distance runners,

Follow-up evaluation: Six months later the athlete had"integrated

precise and directive associative thinking into his daily trainihg.
The marathoner felt that the quality of his training had improved
significantly and most of his track and shorter road race times

" had improved. He expected to better his personal marathon record

.within 6 months. To him the MSTP had initiated a more controlled
and consistent perfo}mance at a higher effort level. Right after
the MSTP he thought progress for him would be relatively slow, but
he could now see results almost daily. Only the amalgamation of
physical and psycho]ogfcal training principles could optimize
performance for the serious athlete. To him the marked improvement
in the quality of his running was symbolic of that amalgamation

and could not just be weighed in running times.

CASE 2

Subject : 33-year old female athlete; achieved "elite" status
in first-ever marathon.

Running history: Remarkable short-distance running career from 1965 to

1972; voted outstanding female athlete at 1968 Eleven
. Country Meet in Moscow; best times of 22.7 s over

200 m, 53.0 s over 400 m and 2 min 6 s over 800 m;
troubled by recurrent sport-injuries‘and congenital

condition in joint of right and left ankle; corrective
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surgery did not have desired effect; retired from-
compefition in 1972; joined UCT spoft science
marathon training programme in 1982; 1983 Peninsula
marathon time of 2:59:07; Bellville marathon time
of 2:56:29; member of Varsity 01d Boys(VOB) running
club.

Training : 6 days a week, covering between 70 and 90 km; rated

| approach to running as serious.

MSTP evaluation: Initial reaction to MSTP was extremely favourable.

The athlete strongly believed that concentrated training in associative
thinking had resu]tgd and would in future result in performance
increases. Mental aspects of running were seen to be crucial to
performance maximﬁzation. She approved of the training method and the
apparatus used. In her opinion the MSTP would most probably benefit
novice and average runners even more as she thought that superior
marathbners had to associate in some way or the other to maintain

a high output. As can be seen from the graphical representation of
her training programme progress (refer to figure 32), proportions of
‘ associ&tive thought rose relatively consistently, while the RPE
increases were relatively larger but jusf as steady. She indicated
that she would use the MSTP in future training and competing.

Follow-up evaluation: Half a year later the athlete confirmed her

. initial evaluation of the MSTP, though at the time of the follow-up
evaluation she had reduced her running involvement to simply
maintaining her fitness. She had entered another two standard

marathons the same year, apart from several shorter races. Her
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- performance times in both the stendard marathons did not live up

to her expectations, c]ocking 3:09:16 and 3:04:25 resbective]y.

At both events she felt extremely tired and overspent. She attributed
her decreased performance to overtraining as she had stepped up

her training rather hastily for these two events from 70 km to
appeoximate]y 120 km per week on the recommendation of a fellow
marathoner. Subsequent to this she became i11 with a chest infection -
that only recently had shown‘signs of clearing up. Spending an
average of 120 km per week on the road made too many demands on her
and her family. Although she would try and run one marathon a year,
competing was not that important to her anymore. She still believed
that quality associative thinking definitely has a decisive role

to play for the aspiring runner.

CASE 3

Subject : Male, 33 years of age, superior marathoner.

Running history: Has always been jogging for fitness; started marathon

running in 1982; best marathon time of 2:47:- in
1983 Peninsula marathon; best ultra-marathon time
of 7:25:- in 1983 Comrades race (88 km); VOB member.
Training : 3 to 4 days a week, covering between 30 and 70 km;
" rated his approach to running as moderate involvement
mainly for fitness gain.

MSTP eva]uation: The athlete appraised the MSTP as having a distinctly
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positive influence on his concentration and.performance. The
training method and duration suited him well. He appreciated the
impact the MSTP made on the quality of his associative thinking
that he reported to have used during races. Figure 33 depicts his
progress. The athlete typically trained at a relatively moderate
intensity, though his perceivedltraining intensity increased
steadily throughout the MSTP. He strongly recommended the MSTP to
aspiring marathoners to improve the quality of their work-outs.

Follow-up evaluation: The athlete reported a shift in emphasis as

far as competing was concerned. What was really important to him
now was quality running, what he did now was "run for himself".

His interest in quantity had decreased. The two marathons he had
entered since the intervention illustrated this shift., His slower
running times were 2:55:- and 3:08:- respectively. He emphasized
that it was quite obvious to him that if he ever wanted to train
hard again, he would have to adopt the kind of associative thinking
demonstrated to him during the MSTP. Although heavy workloads

were preventing him from doing so now, he expressed his goal and
intention to better his standard marathon time by 10 minutes and
his Comrades race time by 30 minutes. He would put the MSTP into
practice in the near future as soon as his workload would ease off.
To him associative thinking optimized performance by prevénting him
from over- or underspending his available energy resources. The
athlete, being a sport physician by profession, expressed it in the
following manner: "A pulse rate of 150 means quality effort by

association; 180 is pushing it too far - you can only think pure
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survival; and at 120 and below you can afford to dissociate." The
athlete suggested that MSTP should be taught to groups of runners

as it struck him as a valuable tool for every runner,

CASE 4

Subject : 31-year old female athlete, superior marathoner,

Running history: Commenced long-distance running in 1981; knee

operation in 19&2; best standard marathon time of
3:20:07 in the 1983 Appletizer marathon; member
of VOB club,

Training : 6 sessions a week, covering 60 to 90 km; rated
her approach to running as serious.

MSTP evaluation: The athlete perceived the MSTP to have an immediate,

stimulating effect on her training performance. The way the programme
emphasized the control aspect of the mental strategy essential for
efficieht running especially appealed to her. Although she initially
reported that such concentrated task-related thinking was somewhat
foreign to her, she enthusiastically adopted the mental strategy.

It made sense to her that a serious runner has to stay in control

and avoid "senseless" drifting. As can be seen from the graphical
representation of her MSTP progress in Figure 34, her associative
thinking advanced rather rapidly with a steady increase in training
intensity. From the athlete's comments it was quite clear that the

training method and duration were. tailor-made for her. She expressed
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the hope that such a worthwhile training programme would not just
be another scientific endeavour, but would be made available to
more and more serious marathoners.

Follow-up evaluation: During the 6 months following the MSTP, the

athlete kepf on practising associative thinking and achieved a
long-standing goal. She ran a half-marathon in under 90 minutes,

her time being 89:29, She disclosed in detail how she had maintained
. absolute control by thinking associatively, "running from within", »
instead of running according to "whose in front and by how much",
She was convinced that her next goal, to run a standard marathon
under 3 hours, was within reach and that the MSTP had definitely
made the difference. Her resolution to hone her mental strategy
capacity was even stronger néw than right after the MSTP, She

also reiterated her opinion that the way the programme was conducted
was highly profeséiona] and greatly contributed to her adopting it

and eventually her success with it.

CASE 5

Subject : Female athlete, 44 years of age, average marathoner.

Running history: Began training in 1982; best time in 1982

Peninsula marathon of 3:54:-; VOB member.
Training : 6 weekly sessions, covering 60 to 90 km; rated her
approach to running as serious.

MSTP evaluation: An exuberant reaction to the MSTP was recorded from
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this runner. She thought the brogramme‘had:improved and would in
future improve her performance substantially. Figure 35 deﬁicts her
progress through the MSTP graphically. This runner habitually
practised at relatively moderate to high intensities. She admitted
that she tended to avert pain. This, she thought, might be due

to the fact that she latched onto the training programme of a much
more experienced runner right from the start of her long-distance
running career. The sensible, gradual approach to aerobic conditioning
had never been impressed on her by the experienced marathoner.
While her training intensities stabilized, her associative thinking
advanced markedly. She reported that she had not thought in this
concentrated manner during running. Her associative thinking was

- rather haphazard. Associative thinking generated an exhilerating
feeling of power and control in her. She preferred the transceiver
to be attached to a strap or belt instead of to her running shorts
as they tended to be pulled down. Otherwise the training technique
and duration‘suited her well. To her, especially superior runners
would benefit from such a programme.

Follow-up evaluation: With the help of concentrated associative

thinking she felt she had been able to reach her physical limits,
which she discovered were not all that high. Task-related thinking
really maintained her at that maximum, though she fdﬁnd that
staying at her perceived maximum tired her tremendously. She rested
for a while and thereafter attempted the Two-Oceans race (56 km),
one of her long standing ambitions. Thfs effort paid off. She

achieved a "very satisfying" 5:50:- run with all the body monitoring
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and assertive commands she was able to put into it. She recounted’
that she had never before experienced such reassuring control and
could only guess at the difference an earlier exposure to the MSTP
would have made to her running career. With added responsibilities
in her work life she intended to reduce her involvement in running,
but that she would always try and run one marathon a year. The most

important point to her was that with the MSTP experience she would

now train and perform intelligently.

CASE 6

Subject : Male athlete, 48 years of age, achieved "average"
marathoner status with first-ever marathon,

Running history: Joined UCT sport science marathon training programme

in 1982; ran the 1983 Peninsula marathon in 3:54:15;
member of VOB club; plagued regularly by running
injuries; pulled muscle in Peninsula marathon.

Training : Initially according to set training schedu]é‘(see
Appendix 1), thereafter 6 weekly sessions, covering
50 km; rated his approach to running as moderate
invo]vemeht for fitness gain.

MSTP evaluation: The athlete routinely trained at a low to moderate

intensity. During the MSTP the trainer was perceived as an "intelligent
monitor", and a kind of safeguard, and as a result training effort

was sustained at a higher Tevel throughout {see Figure 36). The
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athlete enjoyed the MSTP and evaluated it very favourably and
improvements in performance were definitely expected. This athlete
perceived associative thinking to be an asset particularly during
racing. Training method and duration were also seen as appropriate,
and -the practice of the fostered task-related concentration would
be upheld. He stated that other runners should be made aware of

the potential benefits such a MSTP could provide. |

Follow-up evaluation: Right after the MSTP the athlete found it

difficult to sustain concentrated associative thinking on his own.
The stimulation and guidance provided by the trainer was seen as
crucial. Nevertheless, the athlete reported that during racing
associative thinking was engaged into whenever his energy reserves
ran Tow. He experienced it to be extremely effective then and during.
the few times he had attempted hard training work-outs. He entered
several shorter races and improved most of his previous running
times. The "break-through" occurred in a recent half-marathon when
he achieved to apply a larger proportion of associative thinking
than before, reducing his pace from_S% minutes/km to 5 minutes/km,
his personal best so far. Sinée then, he disclosed to be feeling
faster, stronger, more resilient and, most important of all, not

as fragile as before. His injury rate had diminished drastically.
He would like to attempt the standard triathlon soon where he
intended to make extensive use of concentrated associative thinking

to sustafn his effort,
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CASE 7

Subject : Male athlete, 41 years of age, novice marathoner.

Running history: Casual medium distance running since 1960;

marathon training started with UCT marathon research
programme; 1983 Peninsula marathpn time of 4:16:-;
VOB member.

Training : According to stipulated schedule (see Appendix 1),
and thereafter 2 to 3 weekly sessions covering a
maximum of 30 km; rated his approach to marathon
running as moderate involvement for fitness gain,

MSTP evaluation: Definite, rather excessive results were expected

by this athlete during and following the MSTP. The contact time
served to induce additional enthusiasm into the runner with an
otherwise rather despondent running attitude. The graphical
representation of his progress in Figure 37 reflects his rather Tow
intensity training effort at the beginning .of the programme. According
to his report that was exactly how low his interest in running was
between the finish of his first marathon and the start of the MSTP.

A radical increase in perceived exertion and somewhat sluggish
advance in associative thinking succeeded. He appreciated the way

the programme was conducted and the duration of the training. He
would certainly try and use it to give his training a boost and other
runners should also be exposed to such a "beneficial" mental strategy
training.

Follow-up evaluation: Due to a job change and concomitant increases
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Figure 37. MSTP progress for the marathoner in Case study 7.
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in work responsibilities, the athlete hardly trained for the first
5 months after the MSTP. He only occasionally ran with his wife

for short distances during that time. As these times were mainly
set aside to get a chance to talk, mental strategies did not come
into the picture. A1l of these runs were perceived to be of very
low intensity. Only fairly recently, as 1ffe around him seemed to
settle down, did the athlete commence training more regularly,
frequently and for longer durations. He felt that with increased
effort associative thinking came into play and expressed the hope
to be able to furnish somewhat more encouraging results in the near
future. The "mental approach" to running would definitely feature
in his "brighter" future. Doubts were, however, disclosed about the

.reality and possibility of that brighter future.

CASE 8

¥

Subject : 41-year old female athlete, novice marathoner.

Running hiétory: Joined UCT sport science marathon research

programme in 1982; ran 1983 Peninsula marathbn in
a time of 5:10:-; VOB member.

Training : Followed set training schedule (see Appendix 1),
thereafter 5 weekly sessions, covering 25 km per

week,

MSTP evaluation: Similar extremely enthusiastic initial reaction as

previous runner to the MSTP with similar expectations. Figure 38 depicts
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her progress graphfca]]y and shows a near copy to that of novice
marathoner Case 7. The athlete also reported that the contact
time helped her to get over a "slack" period. Training method and
duration were perceived as effective. She expressed doubts about
her ability to be able to maintain the high training effort
achieved during the MSTP. The programme should definitely be
recommended to other 1ong-distance'runners.

Follow-up evaluation: The runner did not try to enter any long-

distance races. She felt that distances up to 10 km suited her more.
She insisted that her initial reaction to the programme was most
probably because she always needed somebody to run with. Her
self-motivation was low. To her, associative thinking also played

é role in shorter distances for aspiring runners, yet she had not

- been able to practise'it as she lacked motivation to try for
anything thaf demanded effort. On further inquiry thié seemed to

be the case for many other aspects of her life as well.

CASE 9

Subject : 27 year old female athlete; novice marathoner.

Running history: Joined UCT sport science marathon research programme

in 1982; developed shinsp]inté early on and suffered a
stress fracture in lower right leg halfway into
programme; recovered well and completed 1983

Peninsula marathon in a time of 5:15:-; VOB member.
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Training - : According to set training schedule (see Appendix 1),
thereafter 4 to 5 weekly sessions, covering on
average 30 km; her running involvement was rated
as moderate.

MSTP evaluation: The MSTP was welcomed and the athlete reported

being able to push herself harder and develop a more serious attitude
towards her runnfng performance. The steady increase in training
intensity, as depicted graphically in Figure 39, substantiates her .
assessment. Her progress in adopting larger proportions of associative
thinking parallelled her increased effort. The athlete noted that
éssociative thinking was particularly effective when running up -
hills, a task she had always dreaded. She liked the training method
and duration, though at times felt a bit conspicuous carrying the
transceiver and headset when encountering fellow runners. She also
emphasized that running to her was definitely a therapy and that

she would not like to let the development of an associative mental
strategy make running "too mechanical", as she was not out to

break anybody else's record, she would use associative thinking
selectively. She expected the MSTP training to sensitize her and

help to detect impending injuries early on. For this reason alone,
the MSTP was recommendable to other marathoners.

Follow-up evaluation: Soon after the MSTP the athlete had orthotics

fitted to her shoes. She was able to go for longer training runs.
With a further build-up of the orthotics and a change in shoes, she
was able to work on her running speed. She entered two half-marathons

and achieved times of 2:05:- and 2:04:- respectively. During these
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runs associative episodes featured quité prominently accordihg to
her recollections. She found whenever she had a specific goal in
mind, 1ike getting up an incline, "associafion was the way to get
there". Her.shinsplints still troubled her. If at all possible,
she would apbreciate a refresher course in the MSTP, as she
expected that to help her on the way to more extensive training

covering about 50 km per week.

CASE 10 (

Subject : Male, 27 years of age, novice marathoner.

Running history: Participated in 1982 UCT sport science marathon

research programme; ilio-tibial tract syndrome
detected early on in programme; completed 1983
Peninsula marathon in a time of 5:56:-; VOB club
member.

Training Conformed to set training schedule (refer to
Appendix 1), thereafter 3 weekly sessions cdyering
25 km; rated his approach to running as moderate
involvement for fitness gain.

MSTP evaluation: The athlete's initial reaction to the MSTP was rather

reserved. He reported immediate improvements to be moderate and did
‘not expect future advancements to be drastic. He qualified his

answer'by stressing the to him incredibly limiting physiological

conditidn of his knees. Perceived exertion climbed steadily from a
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rather low effort baseline together wjth a nearly parallel:-advance
in associative thinking. The data is represented graphically in
Figure 40. Both the training method and duration appéa]ed to the
athlete. He expressed the concern that this mental training
programme might take the "fun out of running", as it epitomized
the "science of running” to him and as such would only be of
interest to seriou; marathoners. He nevertheless would recommend
all runners to at least try it and know about it.

Follow-up evaluation: During the 6-month period following the MSTP

the runner did not train consistently or for any prolonged periods
of time in fear of his injury recurring. He did not practise
associative thinking as he enjoyed chatting away to otherlrunners'
during the few training runs he had. A1l of these few runs were at -
low intensities. In retrospect, he knew that he had responded well
to the training and had adopted the associative thinking shaped by
the trainer, but he really dreaded and resisted the idea of having
to think that way by himself. He was very scared of having to Tive
through another injury. Then he had a 2-month break and suffered
the same ilio-tibial tract injury to both legs when attempting

‘to start running again. He knew that he did not try to monitor his
sensory signals - in fact he remembered trying desperately to shun
out all bodily feedback. He regretted his decision later on and now
saw the value of association for any runner. Although he would like
to continue running for health reasons, competition and serious
running were out. Mental strategies that control the running process
were to him for those that wanted to go far in running, for those

that wanted to win. And that was not possible for him,
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OVERALL EVALUATION

Two contrasting reactions to the MSTP emerged. On the one side

there are 8 subjects that progressed relatively steadily from

their habitual training approach to a more concentrated associative
‘mental strategy wifh‘a concomitant even rise in training intensities.
A characteristic feature in all these case studies;is-thé‘
convergence of the proportion of associative thinking with the
perceived training effort. This trend is seen as a function of the
athlete's shaping process: new salient information is processed, put
to the test and then integrated 5nto the runner's already existing
memory bank that stores information on how an efficient and safe
running household can be achieved, sustained and controlled. The
relative potential for improvement for marathoners with high
aésociative and high related training effort base-1ine measures was
of course lessened in comparison to runnefs commencing with Tower
base-1ine diménsions. Nevertheless, the shaping process appeared

to progress resolutely. Subsequent performance improVements _
‘emerged in the form of shortened race times, better training times,
-longer Sustained training runs, higher training infensities. and
~minimizedior'eliminated}injqry*dccurrence,;Qn]y.l.of the 8 runners
characterized by effort sénse and association convergence did not
take‘the MSTP further. The athlete avoided using associative thinking
and high training input in fear of experiencing a repeat of an

earlier traumatic injury.

- On the other side there are 2 runners whose perceived training effort
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soared from re]ativély low base-1ine measures to extreme intensities
right after the firsf MSTP fecording and climbed even further in

the subsequent recording. The proportion of associativeithoughts

did not emulate this radical reaction and rose rather reluctantly.
The emerging trend is one of divergence between training intensity
and proportion of associative mental strategy as the MSTP progressed.
:Here the shaping process is seen to stagnate., The rate of reinforcement
and interception was nearly double that for -the average noted in

the previously discussed runners. The shaping process seemed to be
blocked, and perceived effort was projected out of all proportions.
Trainers registered a kind of resistance, an undeclared opposition
and unwillingness on part of these subjects to put their "heart"

into the proposed cognitive reconstrucfion. It appeared as if

these runners were saying: "A11 that effort and you see, I knew,

it would not really work." Follow-up evaluations substantiated this

speculation.

Subjects wefe instructed to train at their routine intensity at the
start of the programme When the rationale and objectives were made
explicit to the trainees. The marathoners were made to understand
thaf from the analysis of the previous phase of the research project
it became apparent that there was a strong direct relationship
between fncreases in associative thinking and training intensities
and that the author interpreted this significant relationship to

be of adaptive significance. High training intensities were seen

to be achieved and sustained efficiently and safely by high proportions
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of associative mental strategy. Therefore, training in qualitative
associative thinking, modelled on that engaged in by superior
runners, was expected tb optimize the performance output of marathoners
in the long-term. Trainees were asked to train in their habitual

way and at accustomed intensities. Trainees were told that they‘
were ﬁot'expected to train at higher intensities than they were used
to or felt comfortable and safe with. Nevertheless training
intensity ratings showed a'distinct tendency to rise as the MSTP
progressed. It was only for marathoners Case 7 and 8 that this rise
appeared to be erratic and unconsolidated, totally out of proportion
with the recorded advance in associative mental strategy. The

aufhor had the opportunity to discuss the results with some of the
subjects and query the manifest rise in training intensities |
recorded for all trainees. The like-minded response was that the
MSTP inspired them to try for harder work-outs, especially as thé
trainer's attitude was perceived to be totally committal and
constructive, or as one marathoner put it: "It is hard not to give

- the best you can, when someone keeps on telling you how well you

are doing and how much it is appreciated - and for all that time
right into your ears." The presence of the trainer was perceived

to be stimulating and, in some cases, even "protective". Still,

the majority of marathoners did not indicate that they would have
preferred a longer MSTP. They knew very well that the real fest of
the associative mental strategy came when they had to rely on their
‘own resources. The suggestion by one marathoner to introduce MSTP

“refresher courses for those that wanted or needed them was welcomed
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by fellow runners. The rationale and objectives of the proposed
MSTP when explained to trainees at the start of the brogramme were
seen to be coherent and convincing. These perceptions are seen to
be critical for the success of any cognitive intervention programme.
If the athlete does not see sense or meaning in the proposed
transformation, he/she will reject and resist such intervention.

If the athlete believes change or alteration to be unneccessary

or unprofitable, no time or effort will be invested. As Silva (1982)

put it:

Without the athlete demonstrating a belief
in the need for such .a modification, the
covert conditioning and concentration

cues provided in subsequent stages of
intervention will hold little salience

and may not be practiced with vigor. Belief
entails a performance expectancy, and a
strength of a belief is often reflected

in the intensity of the action it initiates.
In the author's opinion establishment of

a belief in the potential benefit of the
cognitive changes proposed to the athlete
is fundamental to an effective program

and improved performance. (p.448)

The progkamme placed a strong emphasis on the integration of

the suggested adoption of high associative mental strategy
pfoportions into the athlete's routine training approach. Seven
runners reported to have achieved this successfully, though 2 of
these said that consistently high proportions of associatiVe thinking
had always been.a feature in their mental approach to sustain high
training effort. For these 2 runners the MSTP presented an ability

to hone their skill even further., The remaining 3 subjects reported
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to be either d%si]]usioned with life as a whole and were, therefore,
lacking motivation to tfain in a concentrated, structured fashion, or
were unable to maintain their involvement in running due to
preésing work/family commitments. One of these 3 runners could not
tolerate the idea of sustaining a further running injury, as his
initial experiences during long-distance training had been rather
traumatic. The contention of the author that careful, consistent
body monitoring was most probably responsible for the elimination
or at least minimization of overuse injuries‘was described by the
majority of subjects as a major motive to adapt or hone their
associative thinking capacity. Subjects that profited in this
respect from the MSTP are documented in Case studies 6 and 9. On
the whole, all subjects appeared to be well-read on the subject

of running, although primari]y_physioTogical or anecdotal

"running knowledge" had been accumulated. Subjects agreed that
psycho1ogica1 material was lacking, though all disclosed to have
formulated their own private "psychological" theories with an
advance in running exposure. Especia11y the experienced runners
had no illusions about the usefulness 6f prolonged dissociative
thinking episodes or other kinds of "mystical running forces". To
them staying in conscious control was the way to better running,

increased training output, and ultimately winning.

To corroborate the trainees subjective assessments further, a
definite design improvement would include the recording of marathoners'

mental strategies at regular monthly intervals after they have been



exposed to the MSTP, insteaq of the impact evaluation by structured
interview or questionnaire 6 months later. For this thesis this
step could not be executed because of the protracted time-factor

in such a venture.

An associative mental strategy establishes and maintains conscious
control and as‘such optimizes performance. Association has been
shaped, taught and foétefed in a real-life exploratory setting. The
outcomes reported by those that adopted the suggested mental strategy
have been persuasive, even though it was well-recognized that only

in the Tong-term application of concentrated association can concrete .
results materialize in the form of better marathon race times. The
.case emerging here'fqr the training of associative: mental strategy
cannot be based on concrete race times alone. Indeed, although not
every trainee was in the position to report improved race times 6'
months after their concise and concentrated mental strategy training
programme, the c]ear'majorify were able to report improvements in
.their training quality and approach to efficient and safe long-distance
running. It would bé unwarranted to imply that associative thinking |
is the key to marathon excellence. However, as a factor that lends
itself to change, training in associative thinking holds important
implications for the realization of an athlete's potential in
long-distance running. Optimal performance is not the result of a
physio]ogica]. biomechanical or psychological impetus occurring in
isolation. Body, mind and emotions operate as one unit, or as

Syer and Connolly (1984) put it: "What you think affects how you
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feel and move, what you feel affects ho@ you move and think, and
how you use your body affects how you think and feel" (p.8).
Optimal performance is the amalgamation and fusion of all three

factors, It is wjth this in mind that the results obtained have to

be interpreted.

The investigation into the applicability and effect of associative
mental strategy training documented here is fundamentally
exp]oratbry in nature. Based on a case study approach, the
investigation is exposed to a certain degree of criticism as such
an approach lacks strong control designs (Robinson, 1979). Yet, it
has to be remembered, that it is not argued that the reported
pefformance improvements are solely due to the mental strategy
intervention. The effects are perceived to be a function 6f an
“interactive effect of the athlete's physiological, mental and
emotional potential. Intervention of this nature brings with it the
opportunify for the athlete to receive special attention and spend
| more time in the activity. These factors alone undeniably make a
difference, however minute. Yet, it is the athlete's interpretation
of what has contributed to what in which manner and how much, that
will provide the impetus for the adoption of training methods and
techniques designed by sport scientists. It is the athlete that
puts the technique to the test and provides the verdict. The clear
majority in this study came up with the verdict that the total
impact of the intervention programme was instrumen;a] in optimizing

their performance. They experienced it as such. These marathoners
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perceived associative mental strategy training to help bring out
and assist in achieving their optimal physical skill and because
of that all-important experience, associative mental strategy
training should be made known and available to all aspiring

long-distance runners.

Realistic concerns about time and equipment commitments will quite
~obviously necessitate certain adjustments to the training technique.
To offer a MSTP on a oné-to-one basis and with the same equipment
as has been done in the current investigation would be placing

a prohibitive time burden on sport scientists and coaches. More
practical mental strategy training methods will Be outlined in the
discussion section,

It is also prudent to keep in mind that psychological training
methods of this nature are extremely unlikely to succeed with
uncommitted or "problem" athletes. In this investigation the

dedicated marathoner used the provided tool intelligently.

DISCUSSION

Sport scientists recognize that a single instance of a successful
skill execution is not evidence that a skill has been effectively
learned (Rushall, 1981). Rather, what is required are repetitive

executions to substantiate performance increments. This holds for
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7

the physical as well as the psychological realm of skill execution.
To think associatively for prolonged periods of time under high
performance output constitutes a formidable skill. The athlete

is required to produce and hold a predominantly positive internal
narrow focus of attention, to accumulate and manipulate intimate
knowledge of his/her idiosyncratic sensory perceptions, and to
reinforce and exhibit a positive belief in his/her capabilities
and performance. Prerequisite to all this is, 6f course, the
athlete's will to sustain or exceed his/her performance standard
(Pezer & Brown, 1980). In this light, the mere "exposure" to
associative menta]lstrategy is not beneficial, at least from a
performance point of view. This can be seen in the outcomes
obtained in Case studies 7 and 8, and to some extent, Case study 10,
where the athletes were exposed to the mental stfategy but did

not perform the repetitive executions required to corroborate
performance increments. It is only where positive outcomes from
performance have beeﬁ received that satisfaction is achieved.
Satisfaétion from meﬁta] strategy training can be assumed to occur
relatively late in the performance curve. The general impact on
skill acquisition is that far more trials of skill practice are
required than has previously been considered necessary (Rushall,
1981). The rate of improvement, and therefore indirectly the
recognition of positive performance outcomes slows down with an

: increasé in. the difficu]ty of the task. The implication for associative
mental strategy training is, therefore, to provide additional

performance incentives on the way to concrete marathon race advances.
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This is proposed to take place in the shape of qualitative performante
increments. The athlete has to be made aware of the satisfaction
he/she can derive from conscious control aspects of associative

thinking, and from the real possibility to reduce his/her overuse

injury rate.

Extensive research in performance development points to the fact

that athletes' learning performance curves are generally S-shaped,
yet highly individual (Kohl, 1977; Robb, 1972; Rushall, 1981;

Thomas, 1978). Marathoners in this investigation certainly manifested
to be at different stages of their performance curves. Their rates

of skill development differed considerably, as can be made out from
their diverse reactions to the MSTP. Although the aim of the MSTP

was to maximize associative thinking, no maximum was predicted, The
way each athlete acquired or fostered the skill was highly individual.
Trainers delivered athlete-specific instructional cues and thereby
optimized the cognitive reconstructing process by moulding the

MSTP to the instructional requirement of each individual athlete.

The mental strategy training has to be accommodative tb the athlete's

idiosyncratic learning process and instructional requirements.

Apart from differences on the above discussed factors athletes bring
to the training situation a host of other factors that have to be |
acknowledged and incorporated into the mental strategy training.

The runner's train%ng history, competition record, level of fitness,

genetic predisposition, age, reasons for participation, and cognitive
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abilities all provide valuable clues to the researcher where the
marathoner's strength and weaknesses lie and how they could possibly

be amalgamated through the MSTP,

Qualitative differences within associative mental strategy training

can boost the runner's overall determinination to implement conscious
control. It was noted by the author that the marathoners in Case
studies 1 and 3 manifested relatively well-established associative
appﬁoaches to running, yet positive command and instruction were
weakly developed. Trainers were able to shape this integral associatfve

A

skill to the marathoner's advantage.

Marathoners in Case 2 and 9 manifested quite differing mental skill
levels for instance. The elite runner demanded far more exact and
immediate shaping to foster his already existing associative répertoire.
than did the novice runner in Case 9 who required more general -

guidelines and encouragement.

Subjects with extensive competition experience reported to simulate
race conditions far more often than novice runners, who were
primarily concerned with "hanging in there". Trainers noticed the
difference in precise and directive pace monitoring verbalized by
superior runners. Marathoners in Case 1 and 3, for example, compared
their present performance to previous race experiences or other
known runners ofvcompatib1e calibre and made adjustments according

to whether they wanted to exceed the past performance. Thus the
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need to engineer individualized associative mental strategy training

becomes apparent.

1

The amount of attention afforded to physiological and biomechanical
performance considerations has tovbe extended to psychological ones
to optimize performance (Hickman, 1980; Rushall, 1981). Thus, the
higher the goal of the marathoner, the more prepared he/she has to

be to spend time and effort in updating and expanding his/her
psycho]ogica1>preparation. No athlete can hope to optimize
performance by concentrating solely on the physiology or biomechanics
of training. A balanced preparation is a preréquisite to performance
optimization. Part and parcel of this prepération will be the |
"emphasis of task-specific training.vreducing the use of auxilliary,
non-specific training activities and techniques. In the psychological
realm simulation during training provides task-specific preparation
(Railo & Unestahl, 1980; Vanek~& Cratty, 1970). Athletes run the
event the way they have conditioned themselves to run in training
(LiTliefors, 1978; Orlick, 1980). To enabie the athlete to utilize
associative thinkihg during competition, it has to be persistently
emulated in practice. Simulation lets the athlete get as close

to the real event as feasible. Athletes are advised to fill in as
many details as possible that make their training run look and feel . .
like the competition experience. Orlickl(1980) recommended  practising
running tactics with friends, each playing and behaving like a
potential real-event opponent. The runner can also imagine certain

race situations where, for instance, he/she is challenged by an
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opponent three-quarters into the race and has to hold him/her off

or settle back for a later comeback. Only the imagination is a limit
to simulation. Of course, an integral part of effective psychological
preparation is the constant utilization of associative thinking

during such simulation training runs. Body monitoring and pace
\'monitoring are not allowed to cease because of unforeseen face_tactics
implemented by other runners. Positive command and instruction

or affective feedback are also not allowed to be superceded by negative
suggéstions. anxiety or doubts. It is the unpreparéd athlete that
lets him/herself be thrown off balance by such external circumstances.
The athlete would be well-advised to prepare a 1itt1e space in
his/her routine association concentration cycle for assertive and
directive competition tactics. Diverse scenarios should be played
through to prepare for-the widest range of real-life possibilities. As
Orlick (1980) pointed but: "The best way to convince yourself that
you can do something is to do it" (p.216). That does not mean that
aspifing marathoners should force themselves to endure one race

after the next in rapid succession. Rest is essential for adequate
recovery. Tﬁe majority of superior runners in this study indicated
that they did not "race" more than twice a year. Jackson (1974)
reporté& that superior marathoners did not race for more than'ﬁ%

of their total mileage. Next to the experience of the real event,
simulation is the best way to find out what one can and cannot do.
“Simulation will give you added confidence in your ability to do

Whét you set out to do. It will help you believe in yourself, and

that is critical in all sports" (Orlick, 1980, p.217).
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The associative mental strategy training explored here re]iesvon
the avai]abiity of é trained sport scientist or coach and access
to hands-free, two-way radio communication equipment. With these
resources at hand, the impact of the mental shaping process is, of
- course, maximized. Nevertheless, with a few practical adaptations

the technique can be made accessible to a far wider runner spectrum.

The role of the sport scientist or coach can be taken by an
interested fellow runner. Both marathoners would benefit as the
role of "thought monitor" and "thought verbalizer" can be exchanged
as the participants see fit, both enhancing each others associative
thought pattern. As one should try for an uninhibited, unrestricted
thought verba]izationlflow. one would naturally choose a trusted
running colleague. At po.stage should the marathoner feel that
his/her thought flow is open for misinterpretation or misuse. Once
a clear understanding has been reached between two marathoners

that the training>programme aims at the mutual development of a
more efficient and safe mental approach to runniﬁg, and therefore
all communications between them during the training sessions have
to beAtreated in confidence, runners have to familiarize themselves
with the thoughf classification system discussed in Chapter 8 and 9
of this thesis. Personal examples of thoughts that seem to match
the individual categories should be volunteered and discussed. The
marathoner has to be certain and c]eér him/herself about what '
kind of thoughtsvbelong where before attempts should be made to

distinguish and categorize another marathoner's thoughts. Firstly,
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thoughts should be classified as task-related or task-unrelated.
Then, the specific categorization should be applied. Attentional
focus distinctions can be drawn on to elucidate possible "problem"
thoughts = ambiguous material that appears to dodge categorization.
Once the classification system is internalized, marathoners can
procede to employ the categorization task on the run, wherg one
marathoner verbalizes his/her thoughts for an agreed period of

time and the other calls out whether the verbalized thoughts are
task-related or unre]ated. The next step is to initiate the shaping
process gradually. The "thought monitor" starts to reinforce
task-related material, progressively encouraging and demanding more
and morelassociative thinking. The emphasis is on a positive
shaping attitude: the runner's strengths have to be highlighted
before the following step is engaged into, where task-unrelated
thoughts are discouraged, interrupted, and eventually stopped and
prohibited. ?ina]]y, precise and directive body monitoring, pace
monitoring, and command and instruction should be reinforced and
insisted upon, with only minimal dissociative flashes being
tolerated. It is recommended to swop roles at quite regular, short
intervals af the start of such a dyadic associative mental

strategy training programme. Progressively larger intervals in one
and the same role can be arranged as the participants see fit, till
in the end, one of the marathoners can have a complete training

run intelligently monitored and shaped by his/her running colleague.

Roles would evidently be swopped for the next meet.

A typical training sequence at an advanced stage of the shaping



317

process in a dyadic set-up would sound like this:

Thought verbalizer: "There is nothing to touch this. Out here;

what a feeling. Can't think of going back to

the office tomorrow. Got a new girl in the office eod
Thought monitor . : "Hold it! Lets's hear you scan your body." |
Verbalizer : "Okay, here we go. Legs feel great. Calves are

warm and smooth. Shoulders and neck relaxed. Good

rhythm. Easy stride. Feel very confident. Strong,

really strong."

Monitor : "Good, that's it. More of those positive thoughts
please."
Verbalizer : "Strong stride. Picking up a bit of speed on the

flat stretch ahead. That's it. Strong stride. Still
relaxed, very powerful. Bréathing deeply. Calf
muscles feel a bit tight now. Adjust pace. Slow
down a bit, slow down." |
Monitor ' : "Work on those calf muscles. Help them relax."
Verbalizer : "Calf muscles relax. Feeling warm and relaxed.
Relax, relax, relax. Fall in with the body rhythm
and relax, relax. Easy, controlled rhythm. Much
better. Smoothness coming back. Flowing movements.
Neck and shoulders feel great, reé]]y relaxed.
Arms relaxed. Slight incline coming up. Going strong.
Smaller steps. Stronger steps." ' |
Monitor : "Really sounds 1ike you are in control here. Good.

Very good."
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Verbalizer : "Pushing up the incline. Push, push, push.
_ Strong stride. Oh, look at that power. Well done.
On top, adjust pace, adjust stride. Loosen up
legs a bit. Relax legs. One, two, three. Maintain
rhythm.,"
Monitor : "Well done. Really controlling it there."
OR

"My turn now to put it into words - ready?"

The transition from random thinking to concentrated, controlled
task-related thinking has to be slow and deliberate to allow for
maximal internalization. The acquisition and subsequent storage of
the newly developed or fostered ski]f has to be consolidated and
personalized to allow the marathoner to modify his/her running

' behaQiour effectively in the future. Repetitive applications of the
dyadic mental strategy training are recommended. Only if practised
consistently can a mental strategy training programme pay off
during competition. The marathoner should not expect his/her mind
to leap into a disciplined mode of task-oriented thinking while
under the additional influence of competitive stress, without
having practised the'procéss of diécip]ining it. Under stress,

only well-rehearsed, dominant responses survive.

‘Very few marathoners will be in the position to shape their own
thought processes without the initial promoting and "objective"

outside assistance. There are easily too many tasks fo be attended
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to-énd a marathoner might well find him/herself flooded with
infdfmation. Monitoring, adjusting and reinforcing the correct
responses can be done more effectively and efffcient]y by somebody
who does not have to evolve the thoughts that have to be monitored,
adjusted and reinforced. For these marathoners that do have a
highly disciplined mind or have no choice but to embark on a mental
strategy training programme completely on their own, thorough
tabulation renders a functional aid. The aim is to recognize before
and immediately after a training session what predominant thoughts
could occur or have occurred on that particular run. Thoughts would
have to be classified into associative and dissociative sets and
specific task-related categories would have to be underlined,
expressing the runner's intention to enhanbe and boost their occurrence.
The "after" run list would have to be critically compared with the
"before" 1ist to enable the runner to weigh his/her progress to the
target behaviour: higher and higher proportions of associative
thinking to achieve and sustain efficient and safe running at high
training effort. The object of this exercise is to make the marathoner
as aware as possible of the prevailing thought pattern. Of course,
this tabulation technique could easily be amplified into a log-book
system, carefully keepingltrack of the thought shaping process from
day to day. On the run reminders to think associatively could be
carried in the form of flashcards or simply written on the back

of the hands or forearms. The marathoner should always remember

to praise him/herﬁe]f for the next small advance in the progress to

larger and larger proportions of task-related thinking. The suggested
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tabulation and 1dg-book system can naturally be used by the dyadic
mental training partners as well, Discussion of the documented
prevailing thought patterns can enhance the fine-tuning of the

shaping process.

The afore-mentioned mental training suggestions have been adopted
and tried out by a limited number of long-distance runners. The
preliminary results are encouraging. The proposed techniques deserve
further scientific validation. For the author this is an ongoing
process. Future research could involve the assessment of the impact
of the MSTP on carefully matched pairs of subjects, where
physiological parameters, training séhedu]e and competition
experiences are streamlined, while one subject receives training

in associative thinking and the other is left td his/her own
resources as far as mental preparation is concerned. At the same
time a»1ongitudina1 study is envisaged to trace, document and analyze
the progress of aspiring novice long-distance runners over the
period of years. Physiological, biomechanical and psychological
parameters wi]] come under close scrutiny as they pertain to the
making of a successful marathoner. The complex and perplexing
interrelationships between physiological, biomechanical and
psychological factors that govern performance have to be further
unravelled. It is hoped that the present study will find wide
application on .the road and contribute to many runners achieving

and sustaining their optimal sporting potential in an efficient

and safe manner. Just as the aspiring athlete continually
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seeks to evaluate, adjust and elevate his/her performance, there
will be sport scientists to analyze, develop and expand the |
knowledge and methods that let the athlete realize his/her prime

potential.
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Mar‘

I

-{ : } Aug } Sept } Oct Nov } Dec Jan Feb
11V | 20 | 18/5 10 10/20| 30 | 60 90 10
{ 2 { - } - 120/10 {10/10 | - - 40 20
s [ 20 | 0] - Tios20 ] 30 | 30 90 -
{ 4 - | 20/5 j20/10 | - | 30 55 40 | -
}_ 5 20 | - | - 5/15 | - 30 120 -
} 6 - } 15/5 r20/10 5/25 | 20 55 - | RACE
{ 7 20 { -y - - 40 30 40
{ 8 - 1 1s/5 l15/5 | 5725 | 20 80 90
{ 9 20 - |20/10 j10/10 | - - 40
} 10 - s/5 ) - 5/25 | 20 35 90
} 11 20 { 15/5 {20/10 | - 45 60 40
} 12 - - j10/10 | - 35 120
{ 13 20 | 15/5 {20/10 | 5/25 | 20 60 -
|
4 . - - - 40 35 40
} 15 20 | 15/5 {10/10 30 | 20 90 90
16 | 20 - 115/15 | 5/15 | - - 40
{ 17 - 5/5 | - 30 | 20 35 90
{ 18 20 | 20/5 {20/10 | - | 50 70 40
{ 19 10 - - 5/15 | - 35 150
{ 20 20 | 15/5 [15/15 30 | 30 70 -
|
2 - - - - 45 35 40
|22 [runron] 2075 10710 30 | 30 (100 90
23 20 - 110/20 20 | - {FUNRUN| 40
24 - | 15/5 (FUNRUN| 30 | 30 40 90
25 20 | 20/5 |15/15 | - 50 80 40
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[

{ _I Aug | Sept,I Oct } Nov Dec ! Jan [ Feb | Mar
IT 26 | 10 FUNRUN} =1 20 lrunruN! 40 IT 12
Y - 10710 |T10/2o 30 | 30 80 [FUN RUN
28 | 20 - | - |FUNRUN| 45 40 40

29 - Ns/10 }10/10 30| 30 110 20
| 30 20 | - [l0/20] 20) 50 | - | -

) T ' . |
3T | | | | 40 | 20
NOTES:
| 1. The above figures are expressed in MINUTES.

2. 'Siﬁgle figures prior to 15 November 1982 (except for
1 October) 1nd1cate "wa1k1ng" thereafter they indicate

"runn1ng"

3. Divided figures - the first figure indicates "walking" and
" the second indicates "running"
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APPENDIX 2

Abstract of M.Sc.(Med.) thesis by J.R. Cowling

MSc (Med) Thesis

J.R. OCOWLING

THE EFFECTS OF ENDURANCE TRAINING
ON
BLOOD LACTATE LEVELS
TREADMILL RUNNING PERFORMANCE
AND BODY COMPOSITION
IN

PREVIOUSLY SEDENTARY ADULTS

Abstract

Twenty four previously sedentary adults were endurance trained for 26 weeks
. leading to their completing a standard 42km marathon. Several pre and post

training measurements were made:

a) venous blood lactate levels were measured during a progressive
treadmill test. From a lactate curve drawn for each subject,
the so-called lactate "Turn Point" and "Anaerobic" Threshold were
determined. Peak treadmill running speeds and lactate values
were recorded. '

b) Anthroparetric néasurérnents included body mass and percent body
fat. '

C) An analysis of training distance, time and speed was made for
each subject. '



364

The results showed that with endurance training:

i)
ii)
iii)

iv)

V)

_"Turnpoint”.

Blood lactate levels are lower in submaximal exercise

Maximal blood lactate levels are lower

Maximum work capacity is increased.

There was a signficiant shift of the lactate "Turn point" to higher
work loads indicating a greater aerobic capacity. '
No change occurred in absolute lactate levels at the lactate

In addition it was found that:
a) inter-individual difference existed in the pre—-training
lactate "Turnpoint" which could not be explained on the basis

of differences in training.

b) subjects ran the marathon at a pace below their lactate "Turnpoint”
pace.

The conclusion here is that genetic factors, as well as training, influence

blood lactate accummulation during progressive treadmill running.
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APPENDIX 3

,

Table of training run recording time durations for all groups

Novice Average Superior

marathoner group marathoner group marathoner group

(time in minutes) (time in minutes) - (time in minutes)
50 58 60
52 58 62
56 65 63
57 66 68
64 67 69
70 69 73
71 72 74
71 76 80
71 79 81
75 83 93
78 85 97
79 88 99
80 90 100
80 95 109
84 96 112
85 97 115
86 98 118
92 115 120
94 116
95 117
100
102
108
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APPENDIX 4

Mallow's Cp and squared multiple correlation coefficient R2

Mallow's C_ .

_ P

Suppose we have n observations on an endogenous (dependent) variable Y
and on each of k exogenous (independent) variables X;, Xo, «.. Xeo
Then a possible model for such data indicating a 1inea} dependence of
Y on the Xi can be written as

Yy=XB +¢ ees (1)
The vector y is the known n-vector of Y-values and ¢ is an unknown
n-vector of residual terms which are assumed to independently but
identically distributed with zero mean. The matrix X is n x (k + 1)
consisting of a column of n ones and the n k-tuples of observed Xi
values, and the first entry of the'(k + 1) - vector B is B,» an
intercept (constant) term. Simpler sub-models éan be obtained by
eliminating some of the var%ab]es Xi' This is equivalent to removing
columns from X and corresponding.entries from B, or to setting some

B; entries in équa] to zero. Thus, rewriting (1)
[xp:er By] * € coe (1)(A)
B

» allows us to generally

y

where p + r =k + 1 and Bo is an entry in Bp

consider all simpler submodels of (1) in the form

y=X8,+c¢ . (2)

PP
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The RSS be the residual sum of squares from (1) and (1)(A) and RSSp

be the residual sum of squares from (2). In general

RSSp > RSS
Mallow's Cp is defined by
Cp = RSSp - (n - 2p) e (3)
.52
= (n - (k +1)) RSSp -n+2p ..o (3)(A)
RSS

For a good model p = k + 1 so that Cp % p gives a criterion for

selecting adequate subsets of variables. However since the well

known F-statistic for testing HO : B 0 is given by

Fk; n S (k+1) T n-(k+ 1{ RSSp - RSS ... (4)
r RSS
=n - (k+1) RSSp -1 ... (4)(A)
RSS
and rFr’ n-(k+1) " Cp -2p+ (k+1)

C.-p+
p-P*T

SO Cp < p is equivalent to F;

that variables are rejected in the regression when they give rise

n-(k+1) ¢ 1. The implication is

L]
to sufficiently small F-va]ues. Sets of variables with moderate
values are not discarded under the C_ criterion. However Fr, n - (k+1)

P

is not to be confused with Fp n-p which is calculated after the
subset has been chosen. The latter statistic serves to test

Ho (Bp = 0, given 8, = 0).

in the BMDPIR program output, equation (4) is not utilized, but (3)
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geherates the reported Cp value. The F-statistic given in the

output is F and may be thought of as an indicator of the

psn-p
adequacy of the corresponding model (2). The tail probabilities
indicates the probability of a chance value of Fp n-p exceeding

]
that of the chosen data subset of p variables (Draper & Smith, 1981).

Squared multiple correlation coefficient R?

By defining R2 = RSS; - RSSp = 1-RSS,

RSS; RSS,
the ratio of additional sums of squares for fitting a set of
variables after an intercept term; to the residual sum of squares
for no variables other than an intercept term. As the set of p
variables is increased R2? increases.

Adjusted R? : R?a

We define the adjusted R? as

R2, =1 -RSS, (n - 1)

a [
RSS; (n - p)
=1-(1-R2) (n-1)
(n - p)

'It is always slightly smaller than R2, and represents a conservative
view of the explanatory potential of a model for the data under

consideration (Draper & Smith, 1981).

Both values of R? are reported in the BMDPIR output.
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BMDP1D : Runstream output
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BMDP9R : Runstream output : All groups x variable sets

BN

PAGE .1 BMDPOR

1CM
+-Cre

BMDP STATISTICAL SOFTWARE, INC.
19649 WESTWOOD BLVD. SUITE 202 ' “\
1213) 475-5700

19892
LA

—PROGRAN—REVISEDARPREL
MANUAL REVISED =- lgg

1
COPYRIGHT (C) 1982 GENTS OF UNIVERSITY OF CALIFORNIA

rr;-runr.u: F

AN AL -0

O SEEREMARKS AND—A—SUMMARY —OF—NEW O
THIS PROGRAM, STATE NEES- IN THE PRINT PARAGRAP

Idu

‘PROGRAM CONTROL INFORMATION

Z/ PROBLEM TITLE = ° SCHOMER DATA ¢ ALL SUBSETS ‘.
4 INPUT VARIABLES ARE 9.
, . FORHAT = YUF2eD3lXsFIeD32F7e) 31X 34F71,1X511F7e1)°".

NEElen 2t1z9.
7/ VARIABLE NAMES ARE G,Y,ASS,DIS,
7 REGRESS ODEPENDENT 15 Ye

1
T0 322

N.EN.IB.EB.A,B,CnP’E’R’S’WilsTsNT'

v

R 3 £ LA A A
: " METHOD IS CPe.
/7 END . '

LEM _TIYTS <
LS L B ) ~N =

SCHOMER DA ALL SUBSETS
. NUMBER OF VARIABLES TO READ INe o o o o o o .
—NUMBER—OF - VARIABLES ADBED—BY—TRANSFORMATIONS

"0 Me

TYOTAL NUMBER OF VARIABLES o ¢ o ¢ o o © o o o
NUMBER OF CASES TO READ INe o ¢ o o o o o « o
CASE LABELING VARIABLES o o o o o ¢ s o o o o

"BLANKS AREe @ © ¢ o ¢ © ¢ & o« o o o o« o« o o o s MISSING

INPUT UNIT NUMBER o o o e & o o o @ 11
REWIND INPUT UNIT PRIOR TO READING. o DATAe o o . ZEE
g

NUMBER OF CASES DESCRIBED BY INPUY FORMAT o« « & 1

3
7

INFUT FORMAT IS

MAXIMUM LENGTH DATA RECORD 1S 127 CHARACTERS.

PAGE 3 BMDPYR SCHOMER DATA { ALL SUBSETS

~BATA—AFTER—FRANSFORMATIONS
TaUTed

C A S E ' ‘9 10 11 12 13
NO-—LABEL —A - € R —f—
1 1e8C0 0 «S50QC ] !
2 4 : S 34600 2 !
3 2 5
L | 1] . 24700 11.100C G
5 Be 600 1.800 «800 3.70C 7.900;
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14 15 16
" 5 # 1 ¥
§.200 S7.600 9600 2.300 7
at 13 e 1 8
8-+336 48800 1o 2500 S
138170 g A g 10
44 c r 17.870 1
GE 4 BMDPYR SCHOMER DATA : ALL SUBSETS
MBER GF—CASES READ e oo e oo e oo 62

IMMARY STATISTICS FOR EACH VARIABLE

SMALLEST
VALUE

) STANDARD COEFFICIENT
" VARITABLE MEAN - DEVIATION OF VARIATION
g8 66C000 513819 «778%13
1 C 765836 854403 lel12691
2P Q48871 8.04402 847744
3 F—— 24335 2.1 46718 321372
4 R ' 13.2064% 941202 «712684
s S . 6423871 o 1082392 . 16703846
6 R ’ . 229839 . 337209 lq467152
43— b8Pt B <P 2323 8372568
' T 12677419 231973 ’ «1%581%:1C

[ N]
g
w o

LUES FOR KURTO0SIS GREATER THAN ZERO’INDfCATE DISTRIBUTION

SMALLEST

LARGEST

LARGEST STANDARD STANDARD
VALUE SCORE SCORE  SKE®WNESS KURTOSIS
24 .50900 =} ob? i 78 o £1 {19
33.50000 -1.28 S5e24 2e44 Ge81
290“"0000 -.99 2-5‘1 1.25 028
46090900 -1e12 Yebs 2.31 &SS9
2.003380 =1 e21 23U +£S » 58
‘46.00005‘ -} e 4 3e48 134 1e2
S7QBGGDG 'obg 4095 2076 900“"
12.20000 -eb8 2e%4 . led4? 1e03
25-£00040 =1 20 317 1«24 22
~2e86 '937 e 6(

18.00000

259




'AGE 'S BMDPYR SCHOMER DATA ¢ ALL SUBSETS

’ 9 - 12 11 : 12 S & 14 15 16 17 2
Y 9 10000 - : ’ .
—— G- 375 =020 - ——
: 11 - .097 «496 = 1e.000 o 1
: 12 «031 ~-+003 -«021 - e300 -
. 13 .. «083 «225 - «052 ’ «01lé o 1.04Q0
3 =00 ———=v227 =359 49 359 ~0006
3 15 T =e393 ~e311 -¢ 253 _ -e176 ~e248 -«010 1.000
] 16 -+386 - ~e074 | =~e 295 -¢305 «160. =-«070 «366 1300
[ 17 . olSl ,«.225 -0007 - « 064 «349 0270 -e211 -+180 1.00Q0
— 2 vaou .ovi' -osv w485 3166 3372 =69 v4-17 182 %-939

\BSOLUTE VALUES OF CORRELATIONS IN SHADED FORM

9 A ]
10 8- ]
1} C- % 1] -
—2— 1 X888
12 P ue
1§ S ., Rl ] !
i6 X +M+XB
—H+4—R -% X —
13 E o= = +o.0
17 1 e o == XB

[HE ABSOLUTE VALUES OF : ' : : -

ACCORDING TO THE FOLLOWING SCHEME

LESS THAN OR EQUAL TO <082
. .082 T0 AND INCLUDING a 164

vibh—FOAND INCLUDING — 244
. <246 TO AND INCLUDING .328
X +328 7O AND INCLUDING «410
" +410 TO AND INCLUDING °492
— w492 —FO—AND—INCEUDING——— oS 74—
s GREATER THAN 574

18€
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PAGE & BMDPIR SCHOMER DATA I ALL SUBSETS

FOR EACH SUBSET SELECTED BY YOUR CRITERION, THE R-=SQUAFRED,
ADJUSTED R-SQUARED, MALLOWS® CP, AND THE VARIABLE NAMES ARE
THE REGRESSION COEFFICIENTS AND T-STATISTICS ARE

{ PRINTED. .
P RINTED FOFHE RIGHT OF THE VARIABLE NAMESe > > "=

MANY OTHER SUBSETS MAY ALSO BE REPORTED THAT ARE NOT
ACCOMPANIED BY REGRESSION COEFFICIENTS AND T~STATISTICS.

NOT NECESSARILY BETTER THAN ANY SUBSET THAT HAS NOT BEEN
PRINTED. , _ :

SUBSETS WITH 1 VARIABLES

ed41827

«422906

ABJUYSFED
R-SQUARED R=SQUARED cp
0430423 «420930 200466 C
+363560 352953  231.02 B
235109 «222360 289036 P
«220207 .207211 29612 S
e174046 . 160280 317.09 W
«144373 . 130111 330.56 A
*;1382‘7 .123854 333.36 R
" «028116 -011918  383.36 E
.Q10409 - =.00608S 39140 I
SUBSETS WITH 2 VARIABLES
R-SQUARED R=-SQUARED cP
e679522 668658 89.54 ¢ P
0532756 516918 15619 B c
531329 e515442 15684 A c
e528651 ¢512673 158405 C 3
.485334 . .467888 177.72 ¢ W
«451730 «433145 192.98 € R
448251 e 429548 194.56 ¢ E
19748 C 1
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SUBSETS WITH

3 VARIABLES

. - ADIJUSTED
R=SQUARED R-SQUARED cP
+778951 «767517 4638 B c P
770146 758257 50.38 A C P
«729603 «715617 68479 C P s
 «4695130 679361 ‘8445 C P E
685257 e668978 88.93 ¢ P W
* 685142 «668856 88.99 C P 1
0683524 667155 85.72 C P R
SUBSETS WITH 4 VARIABLES
— —ADJUSTED
R-SGCUARED R-SGUARED cP
.863998 'e854454 .76 A ) C P
 «803735 e789962 37.13 B T C. P S
¢790223 . 775502 43.27 B < P W
+781885 *766579 . 47.05 B < P E
780938 e765565 47.48 B - C P R
«779018 = «763510 . . 48435 B8 C P 1
SUBSETS WITH 5 VARIABLES
ADJUSTED '
R~SQUARED R=-SQUARED CP
876004 864933 6e¢31 VARIABLE .  COEFFICIENT T=-STATISTIC
- : . . ) 9 A ’ 0‘00766 5071
10 B " 0127457 .83
—43-€ 135983 8.20 —
12 P e116%20 9e71
15 5 -e0232557 -2.33
T INTEFCEPT 923046
867324 «855478 1025 A 8 c P R
866681 854777 10.54 A B C P 1
«865078  +853032 1127 . A 8 c P E
864071 4851935 1173 A B c P v

SUBSETS WITH

6 VARIABLES




- ADJUSTED | -
' R-SQUARED R=-SQUARED cP _
.881807 «868913 S5e67 VARIABLE COEFFICIENT T=STATISTIC
9 A 101257 5e83
! 10 B « 124058 5e74 )
11C «5989396 7+36
12 P .113008 9.34
14 R '00180471 =1e64
! 15 S -.0258751 -2.60
: INTERCERT 959412
| .880623 «867600 6021 VARIABLE COEFFICIENT T-STATISTIC
. . 9 A .103935 5.91
158 134875 607
11 ¢ .102826 7.92
12 P .117485 2485
15 S -082531"’1 . =253
3 ~8254388 145
INTERCEPT 9.35889
.877491 e864126 763 A B - c P
L .876142 «862630 - 825 C P s
| : SUSSETS W1TH 7 VARIABLES
f ADJUSTED '
' R=SQUARED R~SQUARED cP _
| oB883973 868933 669 VARIABLE COEFFICIENT T=STATISTIC
9 A «103443 Se91
10 8 .130085 - 5.8C
11 C .£S30753 7.28
12 P «114199 9440
14 R -.0144318 = =125
15 S -«0268339 = ~2.68
1721 -G 183342 ~1.08
. , INTERCEPT 9.61383
«882516 «867286 7.35 . VARIABLE COEFFICIENT T-STATISTIC
. 9 A ~100882 5477 -
10 B e121460 5e46 ,
11 € «0992011 ~  7.33
‘ 12 P _ Te112912 928
. 13 £ .0265699 57
lq R -00192654 "1071 !
15 S -.0249383 -2.45
o INTERCEPT. 955402
«882245 «8656980 7.48 A . B < P R s W
«877491 «861610 9¢63 A C P £ s v
| SUBSETS WITH 8 VARIABLES
ADJUSTED R—— B
R-SQUARED cP

{R-SQUARED

¥8€



880

«885487. .868202 A & C F E R S i
«884285 .866819 Be55 A e c P R s W I
«882663 «864951 9¢29 A & < P E R s §
.882027 864220 - 9457 .A B c P £ S " 1
«872795 «853594 13.77 - A B c P £ R W 1
«821426 «794472 37.09 B c P £ R s % 1
818799 «791448 38.29 A c P E R S W 1
«787319 «755217 52.58 A B P E R s W I
«719704 «677395 8329 A B C E R S W I
SUBSETS WITH 9 VARIABLES —
IR-SQUARED ngggf;gg | cP |
«885494 eBL5876 10.00 B d P E R S W

G8e



- PAGE .7 BMDP9R SCHOMER DATA I ALL SUBSETS

~s4*;+sx+e$-#os—isss;L;suss&x4

MALLOWS " : Seb7
SQUARED MOLTIPLE CORRELATION  «B81 81
-~ 93585

ADJUSTED SGUARED MULTe CORRe .86891
RESIDUAL MEAN SQUARE .534745

| STANDARD ERROR OF EST. 731282
NUMERATOR DEGREES OF FREEDOM T e
DENOMINATOR DEGREES OF FREEDOM - 55
SIGNIFICANCE (TAJL PROBe) .C000

{ NOTE THAT THE ABOVE F=STATISTIC AND
. ASSOCJIATED SIGNIFICANCE TEND TO BE

P ¥ .2 A - b WY ol 0343

LlBERkL WHENEVER A SUBSET OF VARIABLES
LLE ﬁ‘:u U' LA LY C% ﬂUUUJ?gs

R=SQUARED CRITERIA.

g PR, A A S S s s S g S g SN NS GBS S

~ : CONTRI=
VARIABLE . REGRESS1ION STANDARD STAND. T-  2TAIL TOL=- BUTION
INTERCEPT . 9e594]2 358949 4,750 26473 00D

9 A " «101257 Q173786 = 276 5.83 000 .959815 37295

- T L J_D‘IP‘IU

11 ¢ 0989396 0134391 19 736 G800 +b664889 11647
12 P .1130¢C8 0120958 <450 9 e384 «0fC +725985 .18758
. 14 R -e0180471] .0109825 -«084 =1+64 o106 820449 +0G58D

: '

THE CONTRIBUTION TO R=-SQUARED FOR EACH VARIABLE IS THE AMOUNT
—-BY—WHICHR-SEUARED—WOULD BE REDUCED I THAT VARIABLE HE

[—uaa—

De
| REMOVED FROM THE REGRESSION EQUATION.

PROBLEM NUMBER 1 COMPLETED.. \
| NUMBER OF INTEGER WORDS OF STORAGE USED IN FRECEDING PROELEM 2823
—CPU—FME—US

0 2TIR oMM c

98¢

) ol 2%
|- "4 T WY o b W WAV S
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PAGE 1 BMLPSR

L-BROPOR = ALL POSSIBLE SUBSETS REGRESSION
BMDP STATISTICAL SOFTHARE, INCe.

1969 BWESIRCOD BLVDe. SULITE 202

€213) 475-5700

~PROGRAM_REVISED APRIL. 1982
MANUAL REVISED -- 1981 :
| COPYRIGHY (C) 1982 REGENTS OF UNIVERS!T? OF CALIFORNIA _ i

Yo SEE REMARKS AND A SUMMARY OF NE® FEATURES FOR -
THIS PROGRAN, STATE NEWS. IN THE PRINT PARAGRAPH. ,

PROGRAM CONTROL INFORMATION E
' |
3

/ PROBLEM TITLE = ¢ SCHOHER DATA T ALL SUBSETS | .

4 INPUT VARIABLES ARE (9
' FORMAT = Y(F2. O’IX Fle032F7al sl X 34F7el,1X311F71)".
UNIT = 11

RECLEN = 129« ’
4 VARIABLE NAMES ARE G,Y,ASS,DIS,IN, EN’IB,ES'A’B’C.P,E,R’J,W’I,T NT. :
GROUFP = Ge i

4 GROUP____ CODESC(}) = 1,2,3. i
NAMES(1) = BEGINNER,AVERAGE ,ELITE. g
# TRANSFORM i

NT = A+4B4CePeE+ReS+B+1. ' i
¥ = IN0=NTYe. |
ASS = AesBeC+P o
DIS = 100-A35S.

TH = A+B+Ce.
e EN = Pef e
£8 = jaTe
IB = 100=-IN-EN-€B.

. IF ¢G EQ 33 THEN USE = le.

- JF 4G_NE-33 THEN USE = J.

4 REGRESS DEPENDENT ]S Ye
INDEPENDENT ARE 9 70O 12.
METHOD 1S (P

- END

“iisz 3 BMDP9H SCHOMER DATA : ALL SUBSETS

_g_m_n_aaﬁuluﬁ_a_a_n_lu—ﬁaalsaAEu*¥&RlABL5_Iu£.£0LLﬂﬁlﬁﬁ_lﬁxlmlS_JﬁmﬂRLD*_

GROBUP = G
¢ & & NOTE THAT THE FOLLO%ING STATEHENTS WERE NOY FOUNDL

ADD . LASB . USE RET . M1S MAX MIN BL
L BEF .. _AFY CHEC RELIE
¢ 3 ¢ WARNING 2 = = IN PARAGRAPH GROUP THE FOLLOWING TEXT 1S IGNORED:

¢ GROUP CODES(1) 2233 NAMES(1) = BEGINNER ,AVFRAGE ,ELITE
_1_5_1_1315_EARAQRAEH_Jé_IaIALI_lﬁuQREn- .

THE MOST COMMON EXPLANATIONS FOR EXTRANEOUS CONTROL LANGUAGE ARE:
- MISSPELLED PARAGRAPH OR SENTENCE NAME

|~ SEMTENCE IN THE WRONG PARAGRAPH _

- SENTENCE OR PARAGRAPH REPEATED UNEXPECTEDLY

-~ OPTION NOT DEFINED IN THIS PROGRAM

~ HUTUALLY EXCLUSIVE OPTIONS SELECTED

3ASED ON INPUT FORMAT SUPPLIED 1 RECORDS READ PER CASE.
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PAGE 4 BMDPYR

SCHOMER DATA 3

ALL SUBSETS

—DATA AFJIER _TRANSFORMATIONS

2

CASE 9 10 11 12
_ _NDe L ABF) A B c P Y _
1 1.800 0 3] -500 7
2 & = 2 3.4600 8
_ 3 2.%00 5400 v} 4.300 9
A 4 a 2.700 G 11.100 10
; 5 Be 600 1.800 1.800 3.700 10
PAGE 5 BMEP9K SCHOMER DATA ALL SUBSETS
—NUMBER OF CASES READ e o o o o = 2 o & o o & _a &2
SUMMARY STATISTICS FOR EACH VARIABLE
P _ STANDARD COEFFICIENT SMALLEST
VARIABLE MEAN DEVIATION GF VARIATION VALUE
9 A 9e19 19919 - £
10 B 6+ 40000 5.13819 «778513 « 00000
11 C 7465806 854403 1115691 « 00000
12 p 9.48871 8.04402 «847746 «50000
2 ¥ 1277419 2.01973 -158110 7 .00000
VALUES FOR KURTGS!S GREATER THAN ZERO INDICATE DISTRIBUTIGNS
VITH HEAVIER TAILS THAN THE NORMAL DISTRIBUTION.
; ' SMALLEST LARGEST
LARGEST STANDARD STANDARD , '
VALUE SCORE SCORE SXEWNESS KURTOSIS
24.50000 -)eb? 2.28 «81 -09
33.50000 -1e28 5e24 244 ' .81
29."'0000 "090 2.5"‘ 1025 28
"6.90000 -l.lZ ‘icbs 2-31 6.59
1800000 -2 o 54 7.%9‘ -a{i? + 60
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PAGE & BMDPYR - SCHOMER DATA I ALL SUBSETS

_TDRRELATIONS

A 8 £ £ b §
_ 9 ' ia 11 12 V4
i K G 1000
. 10 =128 1000
- 11 «097 . 494 10200
» 12 «031 -.003 ~021 1000
| A ¥4 «380 «603 o456 « 485 f 000

ABSOLUTE VALUES OF CORRELATIONS IN SHADED FORM

L R T T TR P P P R R R R Y R Y Y kY

9 A - B
10 8 | . .
11 C -« 28 ' N
- 2Y Yaas
i2 P Nl

!HE ABSGLUTE VALUES OF '
THE MATRIX ENTRIES HAVE BEEN PRINTED ABOVE IN SHADED FORM
ACCORDING TG0 THE FOLLORING SCHEHKE

LESS THAN OR FQUAL TO ~082

. «082 V7O AND INCLUDING ‘ e} &4

- «164 . TO AND INCLUDING «246

-* «24%6 10 AND INCLUDING 328

; & «328 TO AND INCILUDING at 10

: ] «110 T0 AND INCLUDING . -492

; o 492 TO AND INCLUDING 574
' a

GREATER THAN\ ‘574
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" PAGE 7 EBMTP9K SCHOMER DATA : ALL SUBSETS

FOR EACH SUESLET SELECTED BY YOUR CRITERIONs THE R-~SQUARELD,
ADJUSTED R-SQUARED, MALLOWS® CP, AND THE VARIABLE NANMES ARE
SRINTEDe THE REGRESSION COEFFICIENTS AND T=-STATISTICS ARE
PRINIED -TO - THE RIGHT. . OF THE VARIABLE NAMES.

TANY OTYHER SUBSETS MAY ALS0 BL REPORTED THAT ARE NOT
ACCCHPANIED BY REGRESSION COEFFICIENTS AND T-STATISTICS.

—3OME-OF - -THESE-SURSETSMAY - BE-QUITE-GOOD - ALTHOUGH —THEY —%~€;~—~7——~——4

407 NECESSARILY BETTER THAN ANY SUEBSET THAT HAS NOT BEEN
’RINTED-

SUBSETS #RITH 1 VARIABLES
o e —ADSUSTED
R-SGUARED R-SGUARED P
«430423 «420930 18072 ¢
363560 «352953 208.74 8
«235309 «222360 262457 P
,«144371 130111 300.60 &
- SUASETS #%ITH 2 _VARIAEBLFES
ADJUSTED \
R-SGUARED R=SGUARED cP
 e679522 « 665658 7832 VARIABLE COEFFICIENT T-STATISTIC
- 11 ¢ «157625 9 o015
' 12 P «125345 be77
IN!FRFFPT 10.37277
«600236 +586685 111.55 B8 P
o e532756 516918  135.83 8 c
«531329 515442 14043 A C
e 4368279 346865 208.74 A p
r ' SUBSETS wITH 3_VARIABLES
ADJUSTED
R~SGUARED R-=-SQUARED - cP

— o1 718951— —-—01675+l~————%8*6&——MARlABk£-—~w—CQEEEJ&JLNJ—-ILSI&I#SI%C

ELV 0 N

— -
N0
R lalkse

oy

1 o
1 e
1 i
- 5

O ~E O

INTERCEPY

e e e

moin

LU

ol
«8
o0

0O NN D

1

m

«770146 «758257 © %233 VARIABLE COEFF 1

MT T-STATISTIC
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7 A <111154 4.78
1 <150415 10407
12 P 122600 7.76

. INTERCEPTY 2433472

«7030462  <687704 70.45 VARIABLE COEFFICIENT T-STATISTIC

, 9 A ‘ 21181862 448
10 & « 2280728 8 ..09
1z ¢ 2119601 6465

_ INTERCEPT 2404751

L a827634 _ «40B8376 10206 A B c

{

SUBSETS ®ITH

4 VARIABLES

- ADJUSTED
R-SQUARED R-=SQUARED ot of ‘
Y7 % L1 7 W— 1L L L S.00 VARIABYE =~ COFFFICIENY T=¢TAYISTIC
: ) ? A ’ «107729 Ce?7
10 B «138710 Le27
11 € «10948]) 8a2])
) A - «l22172 LA A
NTERCEPT BeB87(46



N | X -

PAGE 8 BMDP9R SCHOMER DATA 1 ALL SUBSETS

~§1314514¢§—£BR_AQ£SJA—SUESK?

"4ALLORS® CP ' ‘5«00
SQUARED MULTIPLE CORRELATION «86400
SULTIPLE CORBELATION . « 9295}
{iDJUSTED SQUARED MULT. CORRe. = +85445
TESIDUAL MEAN SQUARE «593729
STANDARD ERROR OF EST." . «770538
*=STATEISTIC i 9053
YUMERATOR DEGREES OF FREEDOM .
JENOMINATOR DEGREES OF FREEDOM _ 57
SIGNIFICANCE (TAIL PROB.) « 3000

AOTE THAT THE ABOVE F-STATISTIC AND
ASSOCIATED SIGNIFICANCE TEND 10 BE -

LIBERAL BHENEVER A SUBSET OF VARIABLES
{5 SELECTED BY IHFE CP OR ADJUSTED

1=-SQUARED CRITERIA»

v ' o _ CONTRI~-

¥YARIABLE REGRESSION . STANDARD STAND» T- ZTATIL TOL - BUT ION

0w HAME = COEFFICILENT ERROR COFEFe . STAT S1Ga ERANCE TO0 R=50

INTERCEPT B«B70496 . «250849  4.392 3536 «0080

% A - «107729 «01804423 293 Se97 «300 «%88513 « 08505

10 8 138710 0221168 «353 627 «000 75346949  .09385

1} € . « 109481 «0133305 o443 Be21l «000 «750305 « 16094
12 P

«122172 0122749 2487 995 «000 998340 23636

THE CONTRIBUTION T0 R-SQUARED FOR EACH VARIABLE 15 THE AMOUNT
3IY WHICH R-SQUARED WOULD BE REDUCED IF THAT VARIAGBLE WERE
IEEMOYED FRoM THE REGRESSION EQUATION.

*ROBLEM NUMBER 1 COMPLETED.

" WUMBER OF INTEGER WORDS OF STORAGE USED IN FPRECEDING PROSLEM 1617
TPU TIME USED 9027 SECONDS

' 26¢

o e . o i s
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PAGE 1 BMDP9R _ N

——BM93#ﬁ—‘—Akk—E@%%%BEE—%%&aEi%—REG&E%Q%QM
BMCP STATISTICAL SOFTWARE, INC.
. 1964 WESTWOOD BLVDe. SUITE 202
(213) 475-5760
| S 1982

MANUAL REVISED -~ 1981

COPYRIGHTY (C) 1982 REGENTS OF UNIVERS!TY OF CALIFORNIA

THIS PROGRAM, STATE NEWSe IN THE PRINT PARAGRAPH.
PROGRAM CONTROL INFORMAT JON

Al

/ PROBLEM TITLE = * SCHOMER DATA : ALL SUBSETS .
/ INPUT VARIABLES ARE 19 ;
: "FORMAT = "(F2e03iXsF3eD32F2el 31X 34F7e¢131X311F71)°" ;
IS L 1 - r W J 4
RECLEN = 329. ;
/7 VARJABLE NAMES ARE G4Y4ASS,DISSINSENLZIByEBsAsBsC P sEsR S sW3 I 3T 4NTo :
GROUP = Ge ;
/—GROUP CODESHI = Ly 2ydw :
NAMES(1) = BEGINNERJAVERAGELELITE. i
/ TRANSFORM ;
NT = A+B+Co+P+E+ReS+u+]. :
F——3100~NT» .
ASS = A+B+(Ce+P., :
DIS = 100~ASS.
IN = A+B+C. ' ;
EB = J+Te
18 = 100=~IN-EN-EBe«
IF (G EG 3) THEN USE =

| IF (& NE 33 THEN USE o 4
/ REGRESS DEPENDENT IS Y.
- INDEPENDENT ARE 5 TO 7.
METHOD IS CPe

PAGE 4 BMDP9R SCHOMER DATA : ALL SUBSETS

 DATA AFTER TRANSFORMATIONS 5
 case 5 & 7 _ 2 |
[ ¢ IN EN - & . Y. 4

1 1800 - «500 75700 7 i

2 13 6G0C 44 8 ;
. 3 8+300 &6+-00-0— 259-«1+88 9 L
; 4 2.700 11.100 13.800 10 i
! 5 12.200 11.600 446 10 :
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PAGE

5

BMDP9R SCHOMER DATA ¢

ALL SUBSETS
‘——NﬁH8ER—9F—G*SES—REAB1f1—ﬂ*w—*—%—+—+—+—+—4~1—1—*——————é

SUMMARY STATISTICS FOR EACH VARIABLE

| STANDARD COEFFICIENT |
VARIABLE MEAN DEVIATION OF VARIATION |
5 1IN 2345323 13.45677 582298
&6 EN 12.10806 836445 650816 )
7 1B 21.749355 1S« 10044 « 694479 %
2 Y 1277419 2.01973 .158110 |
VALUES FOR KURTOSIS GREATER THAN ZERO INDICATE uxsraxaurxons - !
WITH HEAVIER TAILS THAN THE NORMAL DISTRIBUTION. ;
GEST
SMALLEST LARGEST GSTANDARD STANDARD T
VALUE . VALUE SCORE ' 'SCORE SKEWNESS KURTOS1S
40000 =1 59 229 274 o008
.50000 5060000 = =139 4eb0 Z.14 6.00
020000 75.70000 '.-1029 3.57 ‘003 1el 4
000000 18-00000 -2086 2059 '007 060
PAGE - 6 BMDP9R SCHOMER DATA : ALL SUBSETS .
| _CORRELATIONS f
IN EN L & - S Y
- 5 - ) : 7 2 i
IN 5 '1.000 - :
EN e <037 1.588
e 7 -e519 -e281 1.000 |
Y 2. <790 510 e 649 1.630 ,
| ABSOLUTE VALUES OF CORRELATIONS IN SHADED FORM ;
5 IN s
2y -
7 18 -t
& EN  N-a
| — :
THE ABSOLUTE VALUES OF
ACCORDING TO THE FOLLOWING SCHEME
" LESS THAN OR EQUAL TO <099
. .092 TO AND INCLUDING .198
198 70 AND—INCLUBING - 296
. <296 TO AND INCLUDING <395
X . +395 TO AND INCLUDING 49y
o <494 TO AND INCLUDING e593
Q2
HE GREATER THAN e 592



BMDP9R

PAGE ? SCHOMER DATA . ALL SUBSETS

FOR EACH SUBSET SELECTED BY YOUR CRITERION, THE R~-SQUARED,

ADJUSTED R=-SQUARED, MALLOWS®
THE REGRESSION COEFFICIENTS AND T-STATISTICS ARE
£

PRINTED »

CPy

AND THE VARIABLE NAMES ARE

L o

MANY OTHER SUBSETS MAY ALSO BE REPORTED THAT ARE NOT
ACCOMPANIED BY REGRESSION COEFFICIENTS AND T-STATISTICS.

NOT NECESSARILY BETTER THAN ANY SUBSET THAT HAS NCT BEEN

PRINTED«
SUBSETS WITH 1 VARIABLES
R-SQUARED R-SQUARED cP
«624587 e618330 11582 VARIAELE COEFFICIENT T=STATISTIC
5 1N et 46881 Y-
TINTERCEPT 1C.0330
420972 411321  210.09 1IB
259845  +247509 . 284.69 EN
SUBSETS WITH— 2 VARIABLES
ADJUSTED -
R-SGUARED R=-SGUARED cP
855539 «850642 10.88 VARIABLE COEFFICIENT T-STATISTIC
. & IN 118225 15.60
6 EN 116124 9.71
INTERCERT 8468922
.702430 «692343 8177 VARIABLE COEFFICIENT T-STATISTIC
o 5 IN .0618090 7.47
7 LP - -
| , INTERCEPT 11.5704
e537433 e521753 158417 VARIABLE COEFFICIENT T-STATISTIC
A TV > -
7 1B -.0734254 -5.95
INTERCEPT 133311
, SUBSETS WITH 3 VARIABLES
 _ ADJUSTED
874729 «868250 4,00 VARIABLE COEFFICIENT T-STATISTIC
. - 5 l-N' .101395 12050
6—EN . 305359 8,93
7 1B ! -.0227742 -2.98
INTERCEPT . 961565 ,




‘PAGE 8 BMDP9YR SCHOMER DATA : ALL SUBSETS

 STATISTICS FOR 'BEST® SUBSET

MALLOWS® CP . 4,00 Z
SQUARED MULTIPLE CORRELATION 87473 ;
CORRELAYTION 93527 !
ADJUSTED SGLUARED MULT. CORRe «86825 !
_RESIDUAL MEAN SGUARE . . «537452 i
STANDARD ERROR .OF EST. +733111 .
E=STATISTIC — —  135.00 :
NUMERATOR DEGREES OF FREEDOM 3 i
DENOMINATOR DEGREES OF FREEDOM 58 i
SIGNIFICANCE (TAIL PROB.) « 0000 :
NOTE THAT THE ABOVE F-STATISTIC AND i
ASSOCIATED SIGNIFICANCE TEND TO BE . :
LIBERAL WHENEVER A SUBSET OF VARIABLES i
: TEB— !
R-SGUARED CRITERIA. : _ S g
A - CONTRI~- - ' :

VARIABLE REGRESSION STANDARD STAND. T- 2TAIL ToL- BUTION
 NOe— NAME COFEFICIENT —— ERROR—— COEFe  STATe  S}Ge.  ERANCE YO R=-8q = = =~

INTERCEPT 961585 ' 384890  H4e781 24.98 «000
5 IN «101395 00811375 e686 1250 <000 717580 «33730
7 18 ~e227742 - «0G764043 ~e170 =298 <004 661904 01919
- | T

BY WHICH.R-SQUARED %OULD BE REDUCED IF THAT VARIABLE WERE
REMOVED FROM THE REGRESSION EGQUATION.

PROBLEM NUMBER ]| COMPLETED.
G PROBLEM 1481 -

CPU TIME USED Be923 SECONDS
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PAGE 1 BMDP9R

BMDP STATISTICAL SOF TGARE, INCe
1964 WESTWOOD BLVDe SUITE 202
(2133 475-5700 -
MANUAL FEVISED -- 1981 -
COPYRIGHT (C) 1982 REGENTS OF UNIVERSITY OF CALIFORNIA
L 7o SEE REMARKS AND A SUMMARY OF NEW FEATURES-FOR
THIS PROGRAMs STATE NEWSe IN THE PRINT PARAGRAPH.
PROGRAM CONTROL INFORMATIGN
/ PROBLEM TITLE = * SCHCMER DATA : ALL SUBSETS ..
7 INPUT VARIABLES ARE 19 ;
FORMAT = *(F2e0s1XsF3e052F7elslXs4F7els1Xs11F7e1)", ‘
UNFT—=—tts z
' RECLEN = 129. :
/7 VARIABLE NAMES ARE GsY»ASSsDI1SsINsEN,IBsEEsAsBsCaP sEsRsSsWalaTsNTe |
L/ GROUP S S 42,3, |
NAMES(1) = BEGINNERSAVERAGE sELITE . ;
7 TRANSFORM ' :
; NT = A+B+C+P+E+R+S+ i+l . %
; = 156-NTF+ ;
! ASS = A+B+C+P. !
DIS = 100-ASS. ;
O IN = A+B<+Ce
. EB = l"’To
18 = 100-IN-EN-EB.
IF (G EG 3) THEN USE = le
L IF (G NE-—3) THEN-USE =—1.
7/ REGRESS DEPENDENT 1S Y. - |
INDEPENDENT 15 3e g
METHOD 1S CPe i
/—END j

PAGE 3 BMDPYR SCHOMER DATA © ALL SUBSETS

CROUP = Ga ]

ROV NOTE THAT THE FOLLOWING STATEMENTS WERE NOT FOUND:

ADD LAB USE RET MIS MAX MIN BL
__BEF AET CHEC *E1G

s & & WARNING ® % » IN PARAGRAPH GROUP THE FOLLOWING TEXT 1S IGNORED:
7 GROUP CODES(1) = 15253« NAMES(1) = BEGINNER ,AVERAGE,ELITE.
oo o THIS PARAGRAPH—IS TOTALY JGNORED
' YHE MOST COMMON EXPLANATIONS FOR EXTRANEOUS CONTROL LANGUAGE ARE:

- MISSPELLED PARAGRAPH OR SENTENCE NAME
o SENTENCE_IN—THE WRONG_ PARAGRARH

- SENTENCE OR PARAGRAPH REPEATED UNEXPECTEDLY

— OPTION NOT DEFINED IN THIS PROGRAM

- MUTUALLY EXCLUSIVE OPTIONS SELECTED

SASED ON INPUT FORMAT SUPPLIED 1 RECORDS READ PER CASEe.
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PAGE 4 BMDPSR SCHOMER DATA : ALL SUBSETS
OATAAFTER_TRANSFORMATLONS
-C ASE 2
NOv—EABEL ASS ¥
1 2¢3C0 7
2 166C0C 8
3 12+4EC 9
! 4 13.8CG 10
‘ 5 15900 10
PAGE S5 BMDPYR SCHOMER DATA I ALL SUBSETS
FNUMBER CF CASES READ v+ oo+ . &2
SUMMARY STATISTICS FOR EACH VARIABLE
~'STANDARD COEFFICIENT
VSRXABLE MEAN DEVIATION OF VARJTATION
3 Afé 32+ 94194 +5+83712 -
2 Y 12.77419 2.01973 «158110
VALUES FOR KURTOSIS GREATER THAN ZERO INDICAIE DISTRIBUTIONS
W HEAVIER T AES —THAN THE NORMAL—DISTRIBUTION
) =4 GEST '
LARGEST STANDARD STANDARD
SMA%%EEE " VALUE SCORE SCORE SKEWNESS KURTOSIS
’ i
2.30000 71.70000 -] .93 2 245 54 —eb4
7.00000 18.,00000 =2.86 259 -e07 e60

P S P AT

e s, e L e e



PAGE & BMDP9R SCHOMER DATA © ALL SUBSETS

i AT IONS

w VI e ™y 2 VIV
occoeccoacesesee

A G0 ¥

L] l‘

3 2

ASS 3 1.000
» - Q2O 3 ha'l el sl
L £ T T4V & VI

PAGE 7 BMDP9R SCHOMER DATA : ALL SUBSETS

- STATISTICS FOR-TBESTY SUBSET

REMOVED FROM THE REGRESSION EQUATICN.

39 .59 «CCOa

SQUARED MULTIPLE CORRELATION «86079
MULTIPLE CORRELATION 92779
RESICUAL MEAN SGUARE - 577366
STANDARD ERROR OF ESTe e 7598 46
F-STATISTIC : 370499
NUMERATOR DEGREES—OF FREEDOM 1
 DENOMINATOR DEGREES OF FREEDOM 60
SIGNIFICANCE (TAIL PROBe): + 0000 i

_ CONTRI-

e : _ UTION

 NOe  NANE COEFFICIENT ERROR  COEFe STAT. S1G. ERANCE T0 R=-SG

INTERCEPT BeB87644 6224196 44395

3 ASS 118322 00614306 928 1926 CE0- 182000086579

THE CONTRIBUTIONlTO R-SQUARED FOR EACH VARIABLE IS THE AﬁOUNT

ERE

L TRAR Y

PROBLEM NUMBER 1} COMPLETED.
NUMBER OF
13

C i DANC

NTEGER WORDS CF STORAGE USED IN PRECEDING PRCBLEM 1288

- 2 ~ § £
Voo F LU JeNUNVYD

66¢
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PAGE 1 BMDPSYR

‘ S10N

EMDP STATISTICAL SOFTWARE, INCe.
1964 WESTWOOD BLVD. SUITE 202
(213) 475-5700

| MANUAL REVISED == 1981
COPYRIGHT (C) 1982 REGENTS OF UNIVERSITY OF CALIFORNIA

3 FEATURES _FOR
THIS PROGRAM, STATE NEWS. IN THE PRINT PARAGRAPHe

PROGRAM CONTROL INFORMATION

2

<

/ PROBLEM TITLE = * SCHOMER DATA : ALL SUBSETS 1,
/7 INPUT VARIABLES ARE 19 .
: ﬁgggAr f"ch.c.xx,ra.c,zr7.x,1x,4r7.x,xx,xxr7.1)'.
. RECLEN = 129 :
/7 VARIABLE NAMES ARE GsY3ASSsDISsIN,ENyIByEBsAsBsCsPsEsRsSsWyI 3T sNTe
GROUP = G
—2 CROUP— COBESHI)=1y243
NAMES (1) = BEGINNER,AVERAGE ,ELITE.
/7 TRANSFORM
NT = A+B+C+P+E+R+S+WN+1,
+—=1080=NTe
ASS = A+B+C+P. . . ~
DIS = 100-ASS. _ - : : ) , !
IN = A+B+Co. . :
EN—= P+E,
EB = J+4Te
IB = 10Q-IN~EN-EBe
IF (G EQ 3) THEN USE =

Pt pae

/ REGRESS DEPENDENT 15 Y.
INDEPENDENT IS 16
METHOD IS CPo.

T urs PR

PAGE 3 BMDP9R SCHOMER DATA : 'ALL SUBSETS

HAT THE.FOLLOWING STATEMENTS WERE NOT FOUNDS

GRO é T

% B

ADD LAB USE RET MIS 4 MAX MIN BL

BEF AFT CHEC 16 i

o o = WARNING = = = IN PARAGRAPH GROUP THE FOLLOWING TEXT IS IGNORED:

/ GROUP CODESUt1) = 1,2,3+ NAMES(]) = BEGINNER,AVERAGE ,ELITE. :
oo o THIS PARAGRARHIS—TOTALYIGNORED~

THE MOST COMMON EXPLANATIONS FOR EXTRANEOUS CONTROL LANGUACGE ARE?:

- MISSPELLED PARAGRAPH OR §ENTENSE NAME

- SENTENCE OR PARAGRAPH REPEATED UNEXPECTEDLY . _ ,
- OPTION NOT DEFINED IN_THIS PROGRAM .
- MUTUALLY EXCLUSIVE OPTIONS SELECTED

BASED ON INPUT FORMAT SUPPLIED ! RECORDS READ PER CASE.
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P AGE

4 BMDP9R

SCHOMER DATA :

L _DATA AFTIER TRANSFORMATIONS

ALL SUBSETS

i CASE 18 2

L NOe LABEL Y

] 1 19.7¢G 7

; 2 27«4C0 8

! 3 44108 9

i 4 72403 10
5 124450 10

PAGE

3

5 BMDPYR SCHOMER DATA ¢

ALL SUBSETS

SUMMARY STATISTICS FOR EACH VARIABLE.

STANDARD COEFFICIENT
 VARIABLE MEAN DEVIATION OF VARIATION
2 Y 1277419 2.01973 «158110

l ' ) i
| VALUES FOR KURTOSIS GREATER THAN ZERO INDICATE DISTRIBUTIONS

'

i A s et

iy

f SMALLEST LARGEST
‘SMALLEST LARGEST STANDARD STANDARD )
: VALUE VALUE SCORE SCORE SKEWNESS KURTOSIS
Ty 80000 -2.00 2.35 233 ___=e53
7.C0C00 18.00000 -2+86 259 -7 60




PAGE & BMDP9R SCHOMER DATA © ALL SUBSETS

T -
18 2
T 18 1.000
¥ 2 -353 1-008-

PAGE 7 BMDP9R SCHOMER . DATA : ALL SUBSETS

—STATISTICS FOR *BEST' SUBRSET
SGQUARED MULTIPLE CORRELATION e12450 :
MULTIPLE CORRELATION «3528% \ ;
—ADJUSTED SQUARED —MULT+ CORRv— 899} +
RESIDUAL MEAN SQUARE 3.630970 )
STANDARC ERROR OF EST. 1.905511 :
F=STATISTIC 8453 s
DENOMINATOR DEGREES OF FREEDOM 60 :
SIGNIFICANCE (TAIL PROB.) « 0049 i
CONTRI- §
UTION
NO. NAME COEFFICIENT ERROR COEFe STATS S1Ge ERANCE TO R-5Q
i, INTERCEPTY 143157 «580577 7088 2H.66 <G00
1 +8—F -t} <

! gHE CONTRIBUTION TO R~SQUARED FOR EACH VARIABLE IS THE AMOUNT

REMOVED FROM THE REGRESSION EQUATION.

i
!
|
1
T

20v

PROBLEM NUMEEZR § CCOMPLETED.

. NUMBER OF INTEGER WORDS GF STORAGE USEL IN PRECEDING PROBLEM 1238
——CPY—TFINEUSED—— 7+ 269 SECONDS -
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PAGE 1 BMOP9R
_BHDBSRy_mALL_RDS

BMDP STATISTICAL SOFT®WARE, INC.
1964 BHESY®00D BLVD. SUITE 202
€213 475-5700 '
—PROGRAM. _RENISED APRI1 1982

: MANUAL REYISED -~
(C) 1982 REGENTS OF UNIVERSITY OF CALIFORNIA

_OF NEH FEATURES FOR
IN THE PRINT PARAGRAFHa

ICOPYRIGHT
~1°~S

EE REMARKS AND
| THIS PROGRAM, STATE NEWS.

i

1281

. PROGRAM CONTROL INFORMATION

SCHOMER DATA =

ALL SUBSETS

PUF 2«01 X3F3e032F7elslX, 4F7 1,1X311F7e1) "

"7 PROBLEM TITLE = *

i £ INPUY VARIABLES ARE 19«
i ) FORMAT =

. UNIT = 3} a

2 RECLEN = 129.

i’ VARIABLE

I_ERQUE____CODFC(ll =

GROUP-= Ge -

142,34

‘NAMES ARE GsY3sASSsDISHINSJENIBEBA9B 2CoPEsR S 1,5T, NT.

NAMES(])

n

. # TRANSFORM

BEGINNER,AVERAGE ELITE.

NT = R+Be+CePeEsReS+llis].
p-————-————"—__:__I.OMT_

£SS = AeBe+CePa

DIS = 100-ASS.

IN = A<eBe+C. .

‘ EN._ = Paf s

£8 = Je7.
; 1B = 1G0-1%-EN-FBe.
i IF (G . EQ 33 THEN USE = le
ww_——if 4G NE 33 THEN USE = }a
{ 4 REGRESS DEPENDENT IS Y.
! , INDEPENDENY IS Be

' METHOD 1S CPa
4 _END

SCHOMER DATA : ALL SUBSETS

PAGE 4

BMDP9R

_DATA AFYER TIRANSFORMATIGNS

CASE : 8 2
N0~ LABFL ER Y

| 22000 7

2 37400 a

a 56600 Q

3 72400 10

5 30-2C0 10




!
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SCHOMER DATA

tpacz & BMDPY9R ¢ ALL SUBSETS
k1
f
INUMBER OF CASES READe o o o o o o o o o o o o o 62
jsunnnav STATISTICS FOR EACH VARIABLE
o
STANDARD CGEFFICIENT
VARIABLE MEAN DEVIATION OF VARIATICN
1_4}gy< 42 6954 337721
P2 12..7q:9 2.01573 «158110
§ .
«VALUES FOR KURTOSIS CREATER THAN ZERO INDICATE DISTRIBUTIONS
(BITH HEAVIER TAILS THAN THE NORMAL DISTRIBUTION.
SMALLEST LARGEST
SMALLEST LARGEST STANDARD STANDARD ,
VALUE VALUE SCORE SCORE SKEWNESS KURTOSIS
1690000 7635008 P X - 247 44 ~
7 .COCC0 18.00000 -2.86 259 -7 60
. PAGE 6 BMDP9f SCHOMER DATA I ALL SUBSETS

|
[}
!

. CORRELATIONS

{

R £E y
é 8 2
. £8 8 1.000

I A 2 =345 1000




1

PAGE 7 BMDP9R SCHOMER DATA - ALL SUBSETS

L STATISTICS FOR SBEST® SUBSET

SQUARED MULTIPLE CORRELATION «13304
MULTIPLE CORRELATION «34475
. ADJUSTED. SQ UL Te CORR. «11859
. RESIBUAL MEAN SQUARE 3.595548
| STANDARD ERROR OF EST. - 1.896193

~STATISTIC 921 )
REES OF FREEDOM i

F

»&ﬁ&ERAIOR_DEBR
{ DENQMINATOR DEGREES OF FREEDOM &0
| SIGNIFICANCE (TAIL PROB.} «0036

et o e A i =4 e =

| . , CONIR1-

. MARIABLE — SEGRESSJION  STANDARD STAND. T= _2TAIL 10L= _BUTION

| NDe  NAME COEFFICIENT ERROR  COEF. STAT. SIGe ERANCE TD R-SQ
INTERCEPT 14.9556 .758149  7.405 19.73 000

8 £EB -=0510918 « 03168376 -o365 -3 .03 004 1000000 « 13304

~ e e

t THE CONTR]BUTION TO R-SQUARED FOR EACH VARIABLE IS THE AMOUNT
B!—&HJCH—R -SOUARED BOULD BE REDUCED 1F THAT VARJABLE WERE

REMOVED FROM TH£ REGRESSION EQUATION.

IPaoaLan NUMBER 1 COMPLETED.

! NUMBER OF INTEGER BORDS OF STORAGE USED IN PRECEDING PROBLEM 1288
_£EU—JJME-USEme ——T--266 - SECONDS

509
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BMDPIR : Runstream output : Novice group x variable sets

PAGE l BMDP?R

“BMDPYR—="ALL POSS IBLE SUBSETS REGRESSION
1 BMOP STATISTICAL SOFTWARE, INCe.

1964 WESTWOOD BLVOD. SUITE 2892

 €213) 475=-5700
TPROGRAM FREVISED APRIL— 1982

i MANUAL REVISED =-- 1981
i COPYRIGHT (C) 1982 REGENTS OF UNIVERSITY OF CALIFORNIA

1O SEE—REMARKS AND—A—SUMMARY -OF —NEW- FE ATURES—F OR— ~— -
| THIS PROGRAM, STATE NEWS. IN THE PRINT PARAGRAPH. )
| PROGRAM CONTROL INFORMATION .
'/ PROBLEM TITLE = ' SCHCMER DATA : ALL SUBSETS : BEGINNERS ‘.
L7 INPUT VARIABLES ARE 19
FORMAT = '(F2+0,1XsF34Cs2F7+151X,4F7a1,1X,11F70 1",

H

‘”_““"w~”“'“UNTT“'“T .
RECLEN = 129. )
I VARIAELE NAMES AF G,Y,ASS,DIS.IN,EN,]B,EB,A,E,C,F,E.R,S,W,I,T,NT.

A
GROUP =

L/ —GROUP——CODES 1) = 152335~

NAMES (1) = BEGINNER,AVERAGE ,ELITE.

}/ TRANSFORM
NT = A+B+CH+P+E+R+S+%+1,

b—— — T =G OERT e - -
; ASS = A+B+C+P.
; D1S = 1060=-ASS.
H IN = A+B+C.
| — 1ﬁr_=“P?‘r' - s -
: EB = 1+ \
| IB = 10 0 IN=EN=EBe
i IF (G E 1) THEN USE = 1
o F G NE T THEN—USE =0 s
ﬁl REGRESS DEPENDENT 15 Yo o
INDEPENDENT ARE 9 TO 17
§ METHQD IS CPe. A '
f _1 - EN—B—*—- e e e s e w4 e e . e
PAGE 4 EBMDP9R SCHOMER DATA I ALL SUBSETS © BEGINNERS
~DATFAAFTER—TRANSFORPMATFIONS - i oo ———————————— - = s e e
C ASE 9 ie Il r2 13
KOs LABEL— & — B— €—- P B~ -
2 & -5 2 3.63C Z2
3 _ 2908 Se4 0 O - 44330 1750
- oG e 230 G - 5. 4G5 —— -2 e 4T
: bl 13 4.300 14030 Se77C ] 2920
13 : S«28C le&020 «33C fte1iL 300
| 14 1s 16 17 2 o
: R 5 e e Rl i bt e X e o
. 31 : - 13 a 12 g
8..3C0 12.80Q 10 2508 9
46 350— 925 — — - 3420 - -7 30T ———— ] - —_—
11680 145900 7200 S e7T i1
44330 «300C « 200 | « 871 12
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: PAGE 5 BMDP9R SCHOMER DATA . ALL cUBSE’.TS «+ BEGINNERS

FNUMBER -GF—€ASES—READ s—s ~3 - 3= % & e—v woear 4w o g2 -
CASES WITH USE SET TO ZERC o o o o o o o o o 38
REMAINING NUMBEF OF CASES o o o o o o o o 24
SUMMARYSTATISTICS FOR EACH VARTABLE——— ——m - - oo
‘ STANDARD COEFFICIENT
T TYARTABLET MEAN S REVIATION ———-OF VaAR1 AT ION
9 A 9.42417 591578 «675733
10 8 64025003 3.53754 582164
B ¥ S - B e ZE 0 " w1 B @E24g = - -1 25B5EY
12 ¢ 8.57083 4e74868 +554051
13 € 1733233 143092 »825532
14 R 11.90833 7066623 «535732
~—15~S 6313750 8559 It Lo 4 TOTRY
16 W 1.88750 2066675 1.412858
17 1 4eb66667 3.29528 e706131
2 Y 12+ 625C0 1.36356 149216
VALUES FOR KURTOSIS GREATER THAN ZERO INDICATE DISTRIBUTIONS
WITH HEAVIER TAILS THAN THE NORMAL DISTRIBUTION.

! : : N

SMALLEST LARGEST

SMALLEST LARGEST STANCARD STANDARD
-~-~vAtUEmm—_~"meAtH£~w~—~SGORE“~v~ SCORE— -SKEWNESS- KURTOSES - o .
«93L0G 22.7G000 =~1.45 2424 &8 -e65
160000 14.300CH ~1e26 236 e 3 ~e39
- RO 29 s 40NN e = e TG 1eRF - o e BD - - = a9
1070000 ’ ZZOQUDOU -1.45 2083 1.02, 067
« o000 4.4600080 . =1e2l} 2.00 «53 -lel2
« 000G 0 31.000000 ~1eE 2.51 «47 el 4
e G2GR0-- — —37 50308 g Pl — - 3065 - - Z204 - el -
G000 13.0000Q0 -e71 3.04 . 1.45 1eH48
JHO0NH 12.700C0 . -1e29 2el4y - e b4 -e 43
EdCOEND lé OOOCO -2.46 1-79 -e37 1




f
f
L
| 6

| PAGE

BMDPYR SCHGMER DATA ¢

ALL SUESETS . ¢

BEGINNERS

| :
- CORRELATIONS ——

b ]

W

9
1.0320

|

o Pt ped PP et e

d>
NN LB WN -

e e
S BNDIMTO

.« 045
e 9042
-.3&7

‘0333
'0363'
«317

35— =380

M

1C i1

°

«712
"oqu .
-.Ziq
5.1‘*3 -e 2l
-e216

«&1

=e 367
bl ] DS3
e 24— G

1.000
-.33'3
. -+ 183
e B 95— =323 s G e 1 P

: -«118 ’
~sl121
"'-261

_r231ff“m“'7t97"“

b

1.000
.314

_ABSOLUTE VALUES OF CORRELATIONS IN SHADED EQRM

SN - ST - UROU NSUISMNN: USRI, A
13 14 1S 16 17 2
1.CC0
1.330 e e e — - - —— - ~ S S S

e 172
=el5E

136
.044
8137
e g A G P -

.9 A ]
1C B +B
11 C ( 1]
—2¥ — Xtk T T T s e s - ;
16 & X-Xk®
14 R -+X B
15 S e=++.0
R & ke e — e -
17 ) 4 + ee o=
; 13 E LT Y |
R — e e — o e+ e e e P e e
THE ABSOLUTE VALUYES OF
~THE-MATRIX-ENTRIES HAVE BEEN--PRINTED ABGVE - IN-SHADED- FORM— - cmm
 ACCORDING TO THE FOLLOWING SCHEME
LESS THAN CR C&UAL TO « 289
. « 289 TO AND INCLUDING «178
e et 7B TO-AND ~INCLUDING - - a2 b Fom e
+ «e267 TO AND INCLUDING «356
X +356 TO AND INCLUDING 445
x e 445 TO ARD INCLUDING «534
3 e 53 TOAND-INCLUD ING s o g & 2B oo o e
™ .

GREATER THAN

623

(4

1093
. =e[I9%
Rt T - R el B - SR X R3] 213

1.200

»
\




BMDP9R

SCHOMER DATA

¢ ALL SUBSETS

: BEGIN

409

NERS

E
{ PAGE 7
i

{PRINTED.

MALLO®SY CP

E
» AND THE VARIAB
THE REGRESSION COEFFICIENTS AND T-STA
FPRINTECTO " TRE-RTGHT OF —THE VARTABLE NAMESe—— -~ — -

{ MANY OTHER SUBSETS MAY ALSO BE REPORTED THAT ARE NOT

R EACH SUBSET SELECTED BY YQUR CRITERION, TH
JUSTED R-SGUARED,

R
LE N
TS

! ACCOMPANIED BY REGRESSION CCEFFICIENTS ANGC T=STATISTICS.

- SOME—OF ~THESE—SUBSETS MAYEE—GULFE GOODALTFHOUGH - THE Y ARE- - — mmm o - e
| NOT NECESSARILY BETTER THAN ANY SUBSET THAT HAS NOT BEEN
£
: e .
% SUBSETS W1TH I VARIABLES
- oS TED L TmmTEmmmmssmmememescemmeee-
| R=SQUARED R=SQUARED cP
i «492045 « 4568956 5407 C _ L -
I .409261 382439 66.14 B
| .246026 «211755 89.94 W o o B
; «193373 < 156709 97.62 R o -
: .182787 «145641 99+16 A
| .098250  .057261  111.49 S - _ ‘
i_ .05338C .010351 118.063 P
| .038720  -.004974 120417 E -
| .C12558 -.032326  123.99 1 o
: SUBSETS WITH 2 VARIABLES
o ABGUSTED TTTTTITIIITTETTTTTITTTTITTT
R-SQUARED R~=SQUARED cP

«734433 «709140 20.72 ¢ P

649330 «615933 33413 A c ‘ -
. +557983  +515886 46045 C w
,? «542799 «459256 42.67 C R - - .
| .532081 c4g7518 50.23 8 c
. .519550 «473793 52.06 C S R

«496893 «448978 £5.36 C £
"“*‘.qqq;;} 0496351~ E%e64 C 1 T )

& MOORE FARAON

. (?,',:_n.r. B
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SUBSETS WITH 3 VARIABLES
e ————ADIYSTED e - : —
R~SQUARED R=SQUARED cP
869400 .849810 3.04 VARIABLE COEFFICIENT T=STATISTIC
== S AP iSRS T 2% 1 4 55
11 C e 146977 91
12 P e 127699 a1
INTERCEPT 854799
779427 746341 leels C P £
765007 729759 12827 C P R
 «752935 .715875 0e03 B c P
«7501CS 712621 Z0e44 C P W .
L744629 «706553 21.21 ¢ 3 1
«738742 699554 22410 C P 5
SUG S WITH 4 VARIABLES
e e e e AD JUSTED- — e o e
R-SQUARED R=SGQUARED cP
«893C91 «£70584 159 VARIABLE COEFFICIENT T=-STATISTIC
- e —— G - o114 B3 - - Y4 eFT - -
11 ¢ 136973 9437
12 P 191121 6401
14 R -.0H405684 205
—INTERCERPTF—— G e 281 & - -
878364 852756 3.74 A C P £
e BT B4 B4 EHB e P e e — P - .5
: <£70430 <843152 4.89 A c P I
g R EFEYY e B 2D B ¢ G B s e e P R - -
669546 eE42082 5.02 A B c
: SUBSETS WITH 5 VARIABLES
‘ ADJUSTED
b ReSEUARED —R=SRYARED cP -
i .
f £978133 e 869453 2+90 VARIABLES COEFFICIENT T-STATISTIC
: 9 A . 136780 4418
b —1t-C —v 136856 - - -~ 933 -
g 12 P e201.139 Se®6
\ 13 € -+ 133308 ~.91
; 14 R -e0373503 ~1.85
— INTEREEPT —— 532989 .
e855983 867089 3e17 VARIABLE COEFFICIENT T-STATISTIC




«893101 «863406

ADJUSTED

« 902595 «86E217

e

T B 864735 Fe

eEE3ISZIT T T 3WE T A
359,

b R=SQUARED —R=SQUARED—————CP—

N
(]

~
~

T e 898 78T e 863064
897868 «6561822

o
~l
or

£
[

[02]
0

e 897833 «861775
«894183 +856831

9T
Se43

‘ADJUSTED
—R=SQUARED —R=SGUARED—

.503554 «861359
.902599 . 559986

«874797  .822021

ARDJUSTED

«903948 «852720

« 203244 «B851641

o
L")

L4

- 903225~ e 860886 — —— Swii——A——

629

P TeBGHE s T G BHB39 2 T e 3 a8 AT

1Ce26

I R=SGUARED ~ R=SQUARED ——

e 9B 364 e B5R 62— 8D

801

P

“ULS:.T: ITP 8 VARIAEBLES

Bell

b

3»

11 2 134362 8.8C :
12 136475 Seb7 :
14 e e 3 3 3G B YO = ] 4 GG - - S
15 -e0123511 -e71 g

NTERCEPT 9.33218 ,
ABLE—— - COEFFFCTENT—T= SFAT F ST FG e e s o e ]
9 118463 4451 1
11 «135619 6.88 a
12 e 1286095 5438 |
iq e i e i et i o, ._..i.’::i q& 5 a 52-» ey D ‘»40 x B e e L T — — e e e - {
17 -ed239226 -e42 g
TERCEPT 9.314618

C _____ - P — P ....--i .R - et e aa e aar, e et et o — - a— [ —— —— —— T
£ c P :
SUBSETS WITH 6 VARIABLES §
) . S N
c P £ s §

A € Y —— e e —

c P £ §
A £ Tt - SR e - e ——
A B c P I

sussrrs BITH 7 VARIABLES S w}

i

[487



CE98793 CE44B16 Ge76 A B ¢

e BYEBE e BH LBy G A B G
+889627 «831069 1056 A B

e B2GGE e T 3G IR 8 e @O e € S P s
e 767349  <&43269 27.922 A B C

im m T© T© T

i}

e e PSR G229 T R Fe § G R P

SUESETS WITH 9 VARIABLES

| ACJUSTED .

R-SQUARED R=-SQUARED cp
Va

90398 BUZ 26T

(7 B VIRV B}

(9]

t

e e b i e e W W W W W P T W M G S G SR G ON G D R  B WR W o

¥

i

AR



‘NOYE THAT THE ABOVE F-STATISTIC AND
;ASSOCIATED SIGNIFICANCE TEND TO EE
'!LIBERAL WHENEVER A SUBSET OF VARJABLES
~ lf‘S‘E CECTED BY THE CPOR ADJUSTED -~ o oo e o - e e
R -SQUARED CRITERIA.

iﬂ_m. S

e e e S e 3 e I Al G TN e RN TR T W WD W T e T

' VARIABLE REGRESS]ON STANDARD STAND. T-  27AIL ToL~

NGO NAME ———COEFFICIENT ——— —ERROR—— €OCFe —STATs— —SEGw

. INTERCEPT 9.20116 «519843  4.884 17.78 <000 .

{9 A e114432 0239953 2350 4e77  S0C3  +991721

OO T T T e 39 P S O T3 793 9%37— 00— 786 F

{12 P c151121 <0317744 C4E2 6401 000 .87711

. 14 R : -.0405684 c0197709 -e164 =2.G5  +054 <8830

. e . . e

. THE CONTRIBUTION T0 R-SWLUARED FOR SACH VARIABLE 1S5 THE AMOUNT

!BY WHICH R-SQUARED ®GCULD BE RZIDUCED IF THAT VARIABLE WERE

{ REMOVED FROM THE REGRESSION EGQUATION.

| PROGLEM NUMBER 1 COMPLETZD.

UNUMBER OF INTEGER WORDS OF STORAGZ USEC IN PRECEDING  PRCBLEM 2711
USED 9.439 3ZCONDS

 CPU TINME

PAGE . 8 BMDPSR SCHOMER DATA : ALL SUBSETS : BEGINNERS
-STATHST1ES—FOR-*BESTA—SUBSE - e o e - e
MALLOWS' CP 1459

SQUARED MULTIPLE CORRELATION «89309 _

FMULT IPLE—CORRELATTON — PGS - e e e
ACJUSTED SQUARED MULT. CCRRe .87058

RESIDUAL MEAN SGUARE ¢ 459288

STANDARD ERROR OF EST. +6777C8 o :

- FaSTATISTIC 394 68— - o e e
NUMERATOR DEGREES OF FREEDOM 4 - :
DENOMINATOR DEGREES OF FREEDOM 19

SIGNIFICANCE (TAIL PROE)  « 0000

CONTRI=
BUTION

-—ERANCE—FO-R=-SG -

«12808
- 4G4 4G

«25357
« 32369

€1y
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!

|

L o e e e e ] ;
PAGE 1 BMDPYE

----- BMERGF-= Akl PGS IBLE -SUBIETS-HEGRES 10N
"BMDP STATISTICAL SGFTWARE, INCe
1964 WESTXCOD ELVD. SUITE 202
(213) 475=570C - _ ,

-~ PROGRAM REVISED APRIL-———1962 ' -~ o o .. o
MANUAL REVISED =~ 1981 - :
COPYSIGHT (C) 1902 REGENTS OF UNIVERZITY OF CALIFORNIA.

~ 70 SEE-REMARKS AND-A- SUMMARY--OF- NEW FEATURES FOR-
THIS PRCGRAM, STATE NEWS. IN THz PRINT PARAG 7APH-

PROGPAM CuNTPOL IHFOEMATIuh

/ PROBLEM TITLE = SCHGWrQ LQTA ¢ ALL SUBSETS ¢ DEGINNERS Y
/ INFUT VARIAELES ART 19.
FORMAT. = '(Fc-”,lx F3 d:4F/-1,1X,4F7.1,1 s11F71) "%,
FECLEN = 129.
/ VARIAELC NAMES ARE G’Y’ASS)D J’IN,fr“’lL’K‘D"\ %’C: :E’R,S;WQI,T,NTQ
GFOUP = Ge -
o f ~GROUP-—— “'f‘OB"" €1y -= 1434243¢ - — -
- NAMESCL) = BEGINN;R,AVEEAGE,ELITEy
/ TRANSFORM
i NT = A+B+C+P+E+R+S+n+!.
e e e P o | LY e T e e o e - [
ASS = A+B+C+P, ' '
B1s = l0C=ASS.
IN = A+B+(C.
e Y e T S s s e -
£Ee = IT+Ts
18 = 100-IK-CN~EHe .
1IF (G EG 1) THEN USE = 1o
i’““‘”‘if {6 NE LY THEN-UYST=-Fe - -
{ / REGRESS DEPENDINT I35 Y.
H INDEPENDENT ARE 2 TO 12
g METHCOD IS CP.
PAGE 4 8HDP9R JCHONLF ATA ¢ ALL SUBSZTS [ BEZGINNERS
| “DATA-AFTER- TRANSFORMATIONS. TS
i CASE 1z z
; NCe--tABEL - wmomrmoees P Y
; 2 3ol g
. 3 4.36C ?
S S ] 5ediiC 11
11 5.70C tl
| 13 11.14¢ 12
I
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PAGE - 5 B8MDPYR SCI HOM;? DATA i ALL SUZSETS : BEGINNERS

(_) pos LI RJ LT O

—NUMB TR—OF -CASLS —R e e ¢ = bf:
CASES WITH USE “ e s e 3¢
©  REMAINING NUMBER OF CASES e e v e s 24
~SUMMARY STATIST+€5-FOE-EACH"VkRLAELE' S
§TANGASD CAEFFIC
VARIABLE — e e M E N DEVIATION CF VAFILA
5 A 945417 €.91578 .
108 Le(2ETD 2.50754 .
11 €C - - e B 66250 - 1Te90249 1o
2 Y 1266257010 1.8828% .
VALUES “FOP KURTOSIS-GREATER ~-THAN 2ER0 INDICATE DISTRIBUT I
WITH HEAVIER TAILS THAN THE NOPMAL DISTRIBUTION.
- SMALLEST  LARGEST
SMALLEST LARGEST STANDARD STANDARD
MALUE s e WALUE: —e— SCOKRE - -0 SCORI  SKEWNESS KUFTCSIS
e G030 22.703%90 ~1.45 224 vy
160000 . 14.307200 -1e26 2436 e 63
0008 % - 29 e U0 rng Y T A FUNEE B S PRyl
1'7-”'”30 22‘1..0" -1.‘45 Zelz 3 1.(:,’2
EaQauac léo\"‘CQDi‘ -2e44b 179 ~e37

PAGE & pMDP‘?R cCHGWif CATA : ALL SUQ:ET’ : BEGINAERS

-
i
1
)
i
IS

i~ CORRELATIONS — e s ey e e

e S SR - SO Y S - S Y
4 11l Il 12 2
i A 9 R Y vinis; .
- B e e e [ & o SRR %) 1 - SO PN 00—~ e -
I o : 11 « 45 o712 1.000
! P : 12 Y Z =149 . =e 333 1«23¢
i Y 2 428 b4 «7C 1 -231 1020
g ABSOLU*E VALUE’ CF LORRLLATICNJ IN JHAD”D FQP«
i -G A _ - e e _
10-C +B
11 C as
2 Y XOEE
— ~-32-P—- —— = SR — e e e et
THE AESCLUTE VALUES OF
THE MATFEIX ENTHRIES HAVE BeEEN FPRINTED AROVE IN SHADCD FORM
ACCOPD!NG TO THE FOLLOWING SCHENME :
e e e — L BB THAN - OR- EGUAL TE - e w3RQ
. +i¥39 TGO AND INCLUDING . e} 78
- 2178 TO AND INCLUDING « 2467
+ e 267 TO AND IHCLUDING «35¢%
- e Ko i i g A Gy TR —AND IR CL VD ING-—- - s - e {45
- 445 TO aND IKCLUDING ¢ 53y
- & « 534 TO ANu INCLUDING 623
-] . ’ “EATF« THAN . 623

32

e B Z4

DL Gapsg it
rg o e
e L0 W

30 LY 2 Fe el

']3

T RS AAMATI L LA
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PAGE 7 EMDP9E Jcnovr DATA : ALL SUSSETS @ GEGINNERS
! FOR EACH SURSET SELECTED BY YOUR CRITERION, THE R=-SQUARED,
i ADJUSTED R=SQUARED, MALLOWS' CP, AND THD VARIABLE NAMES ARE
! PRINTED. THE REGRESSION COSFFICIENTS AND T=STATISTICS ARE
- PRINTED-FO ~THE- REGHT GF ~THE VARIABLE-NAMES.
MANY OTHER SUBSTTS MAY ALSC BT BEPORTED THAT A%D NGT
ACCOMPANIZD BY REGRESSION COEFFICIZNTS AND T=STATISTICS.
- SQME - OF THESE SUBSETS- MAY-BE- QUITE GOOD ALTHOUGH THEY ARE
NOT NECESSARILY EETTER THAN ANY SUBSET THAT HAS NOT BEGN
PRINTED «
SUBSETS WITK I VARIABLES
R=SQUARED R=-SGQUARED cP
492045 Q68958 53.54 ';
409261 .38243Q 66 8
.182787 14564} 96452 A
.053380 ,310351 117.87 P
e e e e — i e e e BUB SETS & ITH Z VARIABLES.
ADJUSTED
R-SGUARED R=SQUAKED e
0734433 <709140  20e&5 VARIABLE COEFFICIENT T=STATISTIC
: 11 ¢ . 151203 734
12 P ¢ 257295 TEY:
SRRSO § K £ 2f -¥of 21 2 8 Qe54017 :
e 649330 615933 33.07 VARIABLE " COSFFICIENT T=-STATISTIC
9 A : «126419 3707
— - - e Tl e e e s v--w—-—-l k C - - - l la x 4 1 45 L3 2:;
INTERCERT 10.8564
‘ +532081  .487518 £53.15 B : c
r-_ e m—— e wee = T [ — et et b A S5 s ———— Cm mm wm e ceee me s e - mseee b T e e an
' SURSETS WITH 3 VAHIA%L S
- T - 11 L) > USRS r SR ..
" R=SQUARED R-SQUARED = ce o -
-Bbqqu 849310 " 3402 VARIABLE COEFFICIENT T-STATISTIC
i BRI et n o 1ot e i o + dam e < i A—— | bam—te 58 sai e o an o va n ..,9 . R,m e e e . 1 l 7 3 2 q . l{,‘ 5 5 . .
- : ' - 11 C - 146997 5eF1
; 12 P e 157699 5.3l
g INTE F’EPT Re54799
P .752935 4715875 . 19, 98 VARIAELE COEFFICIENT T-STATISTIC
: } 10 B . 104908 1e22
_; —— s - S - [ ST ~ ._ e
| 11°°¢ 126078 4436
12 P . 199444 4e23
e ‘ INTERCEPRPT 9.19128
! 651224  .598907 . 34.85 A e e
i «S61118 .495286' 47.92 A E P
€ SUBSETS WITH 4 VAPIABL
] e AU ARA S
, e r e ADJH:T D“"" e s L e e m s e ey . e o e = . -
;R SGUARED FR- ~SGUARED cP -
| eB69EHS 842022 5400 VARIAELE COEFFICIENT -tTATISTIc
o e @ oy v e 119209 4412
19 & -eClC1642 -.15
11 C . 149271 b5e7G
1z P 198306 5ebd
- e I NFERCERT -~ o G eH6TEY R




PAGE € ‘BMDP?R' SCHOHER DaTa ¢ ALL JUGSLTC :

BcGINN;RC

. A
-~STAP+C?I€% FOR-ABESTEGUBSET - n o e
i MALLOWS® <P . C 3.02
ii SQUARED MULTIPLF CORRELATION «36940
A= MULF IPLE- CORRELAT FON - —ommme e @ 3242 - - e .
i ADJUSTED SQUARED MULTe CORR. «34981
i RESIDUAL MEAN SQUARE 533012
{ STANDARD LRRGR OF EST. «730077
; F S?A'{ }STIC ot et e - e e o e e L{q.}a . .
i NUMERATCR DEGREES OF FREEDCM 3
1 DENOMINATOR DEGREES OF FREEDCM 2c
 SIGNIFICANCE (TAIL PROB.) . . 0070
| NOTE THAT THE Aaova F-STATISTIC AND
" ASSOCIATED SIGNIFICANCE TEND YO BT
|- LIBERAL WHENEVER A SUBSET CF VARIABLES
- 15 SELECTED "BY THE CP CR ALJUSTED = -
R=SGUARED CRITERIA ‘
? .
VARIAELE )¢ "D STAND« T=-  27alL
~NOs - ~NAME-~ ~~COE 03 - COEFe -STAT SiGe
INTERCERT 42 44537 1931 «GCa
e A &4 e 36E Ye5, g e GO
RS 3 Sl o o 4T 251 PeF! « SO0
12 F S ) 5 e} LIRD
-~ THE CONTRIGUTICHN VARIASLE IS -THE AMOUNT
BY WHICH R=SGUARZ THAT VARIABLE WEIRE
REMCVED FROK THD

PROBLEIM NUMEBER 1

S NUMSEE OF - INTEGLD®
CPU TIME USLD

FROGLEM

CONTR
TOL - gUT IGN
ERANCE 0 R=~SG
e 294325 « 13497
«HB5953 64119
«e8B&134 «22C27

1617

m—eien.

L1V
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PAGE -~ 1 BMDP9R

- BMEPgR—— ALEPESSIBEE - SUBSETS REGRESSI-OG— , e e e
. BMDP STATISTICAL SOFTWARE, INCe

. 1964 WESTWOOD BLVD. SUITE 202

. t213) 475-570C

PROGRAM-REVISED APRIL—t982 — - —— e

MANUAL REVISED == 1981
COPYRIGHT (C) 1982 REGENTS OF UNIVERSITY OF CALIFORNIA

~TO—SEE—REMARKS ANDA—SUMMARY OF NEW—FEATURES FOR o e
THIS PROGRAM, STATE NEWS. IN THE PRINT PARAGRAPH.

PROGRAM CONTROL INFORMATION

/ PROBLEM TITLE = ¢ SCHOMER DATA I ALL SUBSETS : BEGIKNNERS ® .
/7 INPUT - VARIABLES ARE 19«
’ FORMAT = (FZ-B,IX,F3.U,ZF7.I,IX,4F7-Y.IX.IlF7-l)'.
NIt =1 ' :
o RECLEN =
/7 VARIABLE NAMES AR
: GROUP =
"7‘GRGUF —CODESt)
‘ NAMES(I)
/ TRANS

NT A+B+C4P+E+R+S+
1O0=NT
A+B+C+P.
100=-ASS.
A*Bﬂb

p

]
L 3
129
E G,Y,ASS, DIS INSENSIBEBsAsBsCaP sEsRsSsWs I, T4NT.
G

’
IN ER s AVERAGE »E LITE.

ho

[

O3>
L LR |
. nuy
"woon

SO N

" 1C0- IN'EN-EB.

EQ 1) THEN USE
NETYV THENUSE
DEPENDENT IS Y. P
INDEPENDENT AREZ 5 TO 7.
METHOD 15 CP.

nn

e
o

G\ o vou o [T
x"'l'ﬂmm

m
;L r Y .

H
] i
| : - — i —
. PAGE 4 BMDPYR SCHOMER DATA : ALL SUBSETS : BEGINNERS ;
“DATA AFTER —TRANSFORMATIONS - i
CASE . s | & L7 2
NG+ LABEL : 3 = £t 18 Y R 1
2 13 5600 4y 8
3 8.300 6o 000 29100 9
7 2+ 8L F+800—H+i80—t——
il 18.7€0 84600 33.30C 11
13 7.100 11e9G0 54490 12
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* sy

PAGE = 5 BMDP9YR SCHOMER DATA @ ALL SUBSETS : BEGINNERS
“NUMBER CF CASES READ-— LIRS S a4 [ 13 ¥ &2 —
CASES WITH USE SET TO ZE#0 o o o * o o o Ry
REMAINING NUMBER OF CASES o o« * e e e 24
SUMMARY STATISTICS FOREARCH VARTABLE
STANDARD COEFFICIENT
“*—“—vrﬂtwatﬁ———~*—————"*fﬂﬁ——————”—ﬁEVik?fﬁﬁ***““*ﬁFkaﬁiA?%ON“*“"
.85 IN : ' 2414147 1547393 «LHD96Y
& EN - 10330417 $e37259 «521400C
716 _ 19s9333 1 3v1922 T s 6 [T
zZ2Y ’ : !2-625“” : 1088386 ¢ 149216
VALUES FOR KURTOSIS GREATER THAN ZERO INDICATE DISTRI&UTXONS
“WITH REAVIER TAILS THAN THE NORMAL DISTRIGUTION: — = e e

SMALLEST LARGEST
JHALLEST LARGEST GSTANDARD STANDARD

R —v&tu=-*—-———vﬁL&-wu~—sevﬁn—~~—~5€oﬁswmux:WNﬁss—-xuaw& 1S——
2-86000 &1 460300 =128 242 «77 ~e36
3.40600 . 24030008 =129 2061 1.04 30

~4 480064980080 —— - =tw I8 ——— —2eR b ———w &0 ~—-72
8000000 16060800 -2¢46 1-79 ‘037 -Gl

!PAGE & BMDPYR SCHOMER DATA : ALL SUBSETS : BEGINNERS

> Y AMC

a
\U““KL"'IUW)

e

>
m .
2’

f - ?%S — ¥ ; - ]

.‘ s s 7 2 | i

| 1N 5" t1.o00 . - i

EN & -+301 —1+800 . T i

118 7 =~ e392 .  =e3468 .- 1.0C0O £
j Y 2 e6CA T e 152 - =~e558 1.000

| ABSOLUTE VALUES OF CORRELATIONS —IN—SHADED FORM ——————— ——— o o ey

5 IN B S § ’
2y —— - - - R
; 7 18 YT

! 13 EN. .- e n

THE ABSOLUTE VALUES OF . :
FTHE-MATRTX - ENTRIES —W&n—?ﬁm&t—kﬁm—m—ﬂﬁﬁsﬁ—feﬂ“ : ;
| ACCORDING TG THE FOLLOWING SCHEME o

“LESS THAN OR EQUAL TO .100 |

- +1C00° YO AND INCLUDING «201 :

- ~ =20 1-—TO—AND—INCLUD ING w3 o e e
- «301 7O AND INCLUDING © e431 _ g

X <401 TO 'AND INCLUDING e502 :

‘¥ .502 T0 AND INCLUDING. «502 ;

— -1r——~——-—————115GiF—~¥f¥—A%H}—{++Cti}91++6—f——————————c?{}z———--m@—~———“~~~~—"~—-~~m ——t
i . GREATER THAN .702 o




420

j
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; PAGE 7 BMDPOR SCHOM_.ER DATA : ALL SUESETS : B"QINN RS
!

| FOR EACH SUBSET SELECTED BY YOUR CRITERION, THE R=SGUARED,
| ADJUSTED R-SQUARED, MALLOWS® CP, AND THE VARIABLE NAMES ARE
| PRINTED. THE REGRESSICN COEFFICIENTS AND T=STATISTICS ASE
- PRINTEDTO-THE-RIGHT OF —THE VAR TABLE NAMESS e -
MANY OTHER SUBSETS MAY ALSO BE REPORTED THAT ARE NOT
ACCOMPANIED BY REGRESSION COEFFICIENTS AND T=STATISTICS.
-G OME—CF ~THESE—SUESETSMAYDE QUITE GOOD —AL THOUGH THEY ~ARE - —~-
NOT NECESSARILY BETTER THAN ANY SUBSET THAT HAS NOT Brcn
. PRINTED. _
: SUESETS WITH I VARIABLES
ADUUSTED- - S|osmETIEE
R-SQUARED R=-SQUARED cP .
644310 e628142 = 2665 VARIABLE COEFFICIENT T=-STATISTIC
: 5N OGTTF22E— be3l -~
| TINTERCEPT 10.2658 - »
e311455 «280157 " 7Ge31 VARIABLE  COEFFICIENT T-STATISTIC
, — 8 - s 07969 44— = FodG
i | INTERCEPT 142136 ;
.023044  ~.021363 _ 108.14 EN
o e o SUBSETS WITH 2 VARIABLES
o ABJUSTED———— : : - T R —
R-SQUARED R=~SQUARED -~ - 'CP . - ‘ '
814632 .796978 - 6e31 VARIABLE COEFFICIENT “T-STATISTIC
: . — . s N 113594 “9.47
, & EN e151756 4,39
: . Co INTERCEPT 8.319C1
.7%4432—*“~1684235—————+414&——¥*R+k3t&———-—GGEFF4GlEN$~ T-STATISTIC
5 IN .0R39965% 5o 44
7 1B -eJ410992 -2.27
) | : INTERCEPT -  1led164
«324449 260310 - 7061 EN. I8
SUGSETS—WwiFH— —3 VARIABLES - ——
- ADJUSTED -~ .
R=SGUARED - R=-SQUARED - . cP
« 847520 824648 . 4.0C VARIABLE COEFFICIENT T-STATISTIC
_ : L 5 IN «102457 8.28
' & EN «137273 Y4.18
718 T T ¥-T-F S .t S—
INTERCEPT 9.31115

G scom mmason



PAGE =~ & BMDP9R SCHOMER DATA ¢ ALL'SUBSETS + BEGINNERS

|STATISTHCS FOR*BEST —SUBSET —— ' ——— ' i — ——

[ERUCURIN UG S

i NOTE THAT THE ABOVE F-~STATISTIC AND

i ASSOCIATED SIGNIFICANCE TEND TO BE :
| LIBERAL WHENEVER A SUBSET OF VARIABLES
YS—SECECTED Y THE CPORADJUSTED

R=- SQUARED CRITERIA.

|- o ———- -

-

e USSR U,

. : o - . . CONTR I =
VARIABLE REGRESSI ON STANDARD STAND T 2TAIL TOL~- BUTIO&
FNOv - NAME— —COEFF 1€ %E—k?——————;—%&eﬂ—e—e%—s—tﬂv—*ﬂ}%—EﬂA&C E—TF0-R=5<
« INTERCEPT . 931115 0699734 4 eGH43 1331 ‘e QL0
S IN « 102457 «£123695 e842 “8.28 «0C0 738532 «S2307
— - & EN—"T"TT"""— T 371273 ——— 0328556 — 39— 4+ 18— 080 —~ 86834513339 —

! 7?7 1B . -.2288024 -0138677 : =e202 =2.08 oOSl «808417 « 03289
I . .
| ’ '

THECONTRIBUTION-TO ReSGUARED—FOR—EACH VAR ABLE—L5-—FHE —AMOUNT S —
BY WHICH R-SQUARED WOULD BE REDUCED IF THAT VARIABLE WERE :
REMOVED FROM THE REGRESSION ZQUATION.

PROBLEM NUMBER 1 COMPLETED.

é~NﬂMBER»OFm%N?EG’R—&OR&S—OF-SIORAGE—&S&9—+N—PRE€ED%NG—M——PRGBLEM-—uw}48‘ ——
CPU TIME USED 8919 SECONDS

MALLOWS® CP 4,00

SGUARED MULTIPLE CORRELATION .84752
MU THPL 61

ADJUSTED SQUARED MULTe CORRe -  <B2465

RESIDUAL MEAN SGUARE ¢ 622309
| STANDARD ERROR OF EST. « 788866 :
F=STATISTIC— 37565 ;
| NUMERATOR DEGREES OF FREEDOM 3 i
| DENOMINATOR DEGREES OF FREEDOM 20 ;
| SIGNIFICANCE (TAIL PROB.} 000 |
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e

§ PAGE 1 BMDP9R.

i . L
/
FBM?P?R—v**tt*PﬂSS%ﬁtE—gﬂﬂSE¥S“&EGRE&SH&%———~
BMDP STATISTICAL SOFTWARE, INC.

1964 WESTHROOD BLVDs SUITE 202

(213) 475-5700 _ ’
*PRGGﬁﬂﬁ~ﬁE*TSEﬁ—ﬁPRit————%?&%————————

MANUAL REVISED =-

_PROGRAM CONTROL INFORMAT ION -

1O SEE REMARKS AND A—SUMMARY OF —NEW FEATURES—FOR———— -
THIS PROGRAM, STATE NEWSe IN THE PRINT PARAGRAPH.

19 -
COPYRIGHT (C) 1982 REGENTS OF UNIVERSITY OF CALIFORNIA

: BEGINNERS ‘e

/. TRRNSFORM

’ESR’S’W’I’.T’N?.

/ PROBLEM TITLE = * SCHOMER DATA T ALL SUBSETS
/7 INPUT VARIABLES ARE [9.
. © FORMAT = '(FZ-QQIX F3e GsZF7 IsiXs4F 7. lalX:llF7 l)'
UNFT =11~ e
‘ : RECLEN = 129.

/ VARIABLE NAMES ARE‘G,Y ASS.DIS.IN N,IE,EB,A,B,C,P

GRQUP = Gas .
“f‘GRﬂﬁ?““““&ﬁﬁ&%f?f“‘_f—i“

NAMES (1) BEGINNER,AVERAG:’ELITE-

IF (G EG 1) THEN USE = 1. o
- —F G- NE— ) —THENUSE—=fB+——
7/ REGRESS DEPENDENT IS Y. .
| INDEPENDENT . 15 3+

NT = A+8+C+P+E+R+S+ﬁ4}. .
- T—="1G0=NT :
? . ASS = A+B+C+P,
DIS = 100~-ASS.
"IN = A+B+Ce. ’
- ———E N =P +E .,’ S -
EB = J+Te C
IB = 100-IN-EN- EB.

METHOD IS5 CPe.

- END——
n .

O i SO : R

PAGE " 4 BMOPYR scuonER DATA : ALL sUBsersﬂ.

CASE o 3 2

BEGINNERS

~oﬁfk—ﬁF«fﬂ-*ﬂﬁwsFﬁﬁﬁﬁ%+eﬂs—~—-—~——~—~————-m——w~

et e el L BT AT it o

s R

NG LABEL ASS ¥
2 16660 a8
3 ~ 124608 9
7 g+ 200 i ——
11 ' 24 «4C0 it
13 18.2C0 12
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PAGE 5

BMDPSR

SCHOMER DATA :

ALL SUBSETS-:

EEGINNERS

423

~Nun&ﬁﬂ—ef—e*ses—ﬁ5*av—v~1—T—T~T—1—1—1—1—1~ﬁ—1—1—~————ﬁ2«—-m~

WITH HEAVIER TAILS THAN THE NORMAL DISTRIEUTION.

LARGEST

"CASES WITH USE SET TO ZERO . . .« o . . 3g
REMAINING NUMBER OF CASES o o « o o o o o 24
 SUMMARY—STATISTICS FOREACH VARIABLE -
. ' 'STANDARD COEFFICIENT
—————ARTABLE— —MEAN : T - OF—VARTAT ION——
3 ASS 32.71250" 1499937 e4ERE21
2.y 1262503 1.88386 £149216
VALUES FOR KURTOSIS GREATER THAN ZERO INDICATE DISTRIBUTIONS

| et s s
i

' AR ESRD  STANDARD
£ ARGEST - STANDA :
Snkbkigg t ¥AESE SCORE SCORE— SKEWNESS —KURTOSIS—
£.20600 65.00000 —1.63 2415 4o -.78 |
8.00600 16500000 -2.45 1.79 -.37 .01
|
PAGE & BMDPYR SCHOMER DATA & ALL SUBSETS : BEGINNERS '
-CORRELATIONS—— - -
ASS ¥ S
3 2
ASS 3 .020 R _ -
¥ 2 90t reato -




*«s*#%f5$fes—Feﬁ—4s&5%4—suas;f————~——————-w~———————

*
; HULTIPLE CORRELATION o .

PAGE 7 BMDP9R SCHOMER DATA : ALL SUBSETS | BEGINNERS

G E S ot S G Sy YR Doy D Gk G D

SQUARED MULTIPLE CORRELATION

RESIDUAL MEAN SQUARE « 696719
STANCARD ERROR OF EST. ‘ « 834697

i F=STATISTIC ) 9Se 16

TNUMERATOR DEGREESOF FREEDOM 3 T o
DENOMINATOR DEGREES OF FREEDOM 22 / :

SIGNIFICANCE (TAIL PROB.) « 2000

THE CONTR!BUTION TO R=-SGUARED FOR EACH VARIABLE IS TH; AMOUNT

' . CONTR 1=
——VARTABLE— REGRESSION ——STANDARD —STANDs e 2 FAIL———TOL ——BUT L ON
NOe - NAME  COEFFICIENT ERROR COEFs STATe SIGe ERANCE TQ R-SQ

INTERCEPT 8.92225 416068 40736 21 .44 «000
- —*Si_f“‘__—““_*—Tft}f?f__*__7€11tﬂﬁt—“““1961”‘“9175——mvaﬁﬁ~f1Gﬂaaﬂu——1&4121

—BYWHICH R=SQUARED - HOULD BE REDUECED—IF—THAT -VARIABLE—WERE— -
REMOVED FRCM THE REGRESSION EQUATION.

e e i+ et o ey

PROBLEM NUMBER 1 COMPLETED.

| NUMBER OF INTEGER WORDS OF STORAGE USED IN .PRECEDING PRCBLEM 1292
FCPUTIMEUSED———— 75259 SECONDS e



BMDP9R : Runstream output

425

: Average group x variable sets

FAGE i BMOPOXR
——BMBPOR ALt POSSTIBLE —SUBSETFS—REGRESSTHON
BMDP STATISTICAL SOFTHARE, IKCe.
1964 HESTHEOOD BLYD. SUITE 2CG2
L R ) IR R -
¥ W‘I’\Nr: LAY "N An w3 ey ¥ AR ERLVE ™ P SR T4
HANUAL REVISED -~ 1981 : ) \
- COPYRIGHT (C) 1982 REGENTS GOF UNIVERSITY OF CALIFORNIA
O SEEREMARES AND A -SUMMARY 6F NENFEATURFESFER
TH1S PROCRAN, STATE KMEWSe. IN THE PRINT PARKAGRAPH.
PRGGRAM CONTROL INFORMATICN i
/7 PROBLEM TITLE = * SCHOMER DATA < ALL SUASETS © AVERAGE *. ;
Z INPUT "NARIARBLES ARE 1%« ;
FOE{AT = Y F el XsF3e032F 7l alXs4F7al 1 X311F701)". %
QWAR =—3t= 1
. RECLEN = 129 . "
I‘VARIABLE NAHrS ARE GsY3ASS, DIS IN ENM gl PR3 FBsAsB aCasP s sR oS alial 3T oNT W
GROUP = Ga

’__
NAMES (1)
/ TRANSFORM

EEGINN’R 2 AVERAGE SELITE .

NT = ASB+C+F+E+R+Selis1 4
F—=100-%¥s
ASS = A+B+Ce+f o :
CIS = 100-ASS.
I8 = A«+B+Cy i
£ =P-+fs
EB = 1"‘1-
I8 = 10G0-IK~FN-<FGe
IF «G E£¢ 23 THEN USE = la
4G NE—2FHENUSE £
V] REGRESS DEPENDENY IS Y.
: INDEPEMDENY ARE 9 T2 17.
METHOD 15 (P. :
F——ENE —— -
PAGE y EMDP?R SCHOMEF DATA = ALL SUBSETS = AVERAGE
—“ﬁ1¥t—#FTER—TRtNSFﬁﬁwn7FGKS
C ASE LR 10 11 12 13
NG LABEL A £ -€ . ? +
1 1200 - . 0 « 500 G
i q 0 2700 0 i1.100 G
, 8 #7060 Y4350 2848 I+980 1268t
i 9 44400 k} «&00 7.100 1. 100
; 10 4800 2«800 1.200 f.400 & 800
14 15 16 .. 17 2
R . < .1 } ¥ -— -
.. 8.300 57.800 7,600 - Z <300 7
. i3.e(nn- ¥ o C -0 to
— 8366 £ - 12208 5935 e |
 19.400  32.200 2.500 b 1l
. 10.800 . 28.700 11.200 2400 11
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PAGE S BMDP9R SCHOMER DATA : ALL SUBSETS I AVERAGE
—W‘R OF CASES READ e = 5+ o % & % o+ % & &% &2
. REMAINING NUMBER OF CASES o o o o o o o o 20
- SUMMARY STATISTICS FOREACH VYaR1IARLE
o o o STANGARD CUGEFFICIENT
——VARTABLE ——HE - oh REAFIGN-—F
e 9 A £.44000 . 6422332 7372362
10 B 4.,046500 246283 605063
—1—€ - — 55425060 e 8OF6E b B 75754
12 P 10.07500 268324 eG61115
.13 E . 275500 231641 «84GE0
14 R 13.43000 Be26241 «615221
— &5 8§ —— ry 1533 3 +HIBF8SE—
16 W 3.31500 4.39884% 1326945
17 1 S e.22500 3.80331 «7279GC5
2y 12.3%000 1489945 153001
VALUES FOR KURTOSIS GREATER THAN ZEROC INDICATE DISTRIBUTIQNS
- WAITH HEAVIER TAILS THAN THE NORMAL DISTRIGUTIONS -
7 ‘ . s : " o R
_ : SMALLFST LARGEST
SMALLEST LARGEST STANDARD STANDARD = .
VALUE VAL UE S EORE SEORE—-SKERNESS —KURTESES
.Gooeo 24.50000 1436 Zezg .92 «C5
« 00004 10. 30000 ~1eb5 Z.53 47 el?2
s €08 868 Z 4008066 93 3w F 73 o
- 50000 446 .90000 . =99 T 3460 2469 7460
. 000D 7.300600 - el9 156 52 -1e17
2 .H40000 34.00000 =le33 2.47 127 feGH
—EHRE00— 57880680 ~e b6 Fo-2 4 45 3wl 2 -
h « OO0 1220000 ‘075 202 « 74 - o3 4
.C0000 '13.00000 -1e37 204 59 - it
7 . CCOOD l16.00060 -2.82 1.92 -.74 Jeld
L4

-




| PAGE & BMDPS

AVERACE

% SCHOMER DATA ¢ ALL SUBSETS
T CORRELATIGNS — )
* 3 —C ris £ s S I ¥
g : 10 11 12 13 14 15 ié& 17 Z
A 9 1000 N
8 pyi - 030 1+G060 T :
C 11 «450 L 1«C0Q0 : ‘"
P 12 _‘0986 .DO"' -«120 . 1 «000 .-
£ i3 .4%s  -.101  .den -.D13 1e0DC
n ) S} LB Sal} L2 3= 2n ! LY « OO0 bl 35 3 A 4 P wadad
S 15 -a292 -l 22 - =e354 -e+218 - 270 ~«078 1.C00
W 16 L =~e398 007 -a409 -«354 « 109 ~e121 346 1800
1 17 -«104 « 254 -362 «258 «223 -«209 -e291 =«C8S 1.0G0
¥ Z + 590 =293 + 539 -352 s 416 -5 021 -a&6 7 e 56T 36 10506
ABSCLUTE VALUES OF CORRELATIONS IN JHADED FORM
9 A -]
15 S +«3
. 2 Y age
Y6 % EARE— ——
12 P =B XD .
11 C NXEX 8 -
13 E XKe+X e MDD
iﬁ 8 - N'r .oﬂ
17 1 et et X=+D
19 R - o += =0 i
. H
THE ABSOLUTE VALUES OF '
- THE-MA TR X ENTEIES HAVE BEEN—FPPINTEDADSVE—T I SHADED—FERHM
ACCORDING TIC THE FOLLOYING SCHEME .
LESS THAN OR ERQUAL TO «083
- L83 T0 AND 1MCLUDING «1&7
' «}+67F—F0 —%%9~%ﬂ€£LB+%G———————-~2£G —
< - « 250 70 AND INCLUDING s 334 -
X =334 TC AND 1"LUUIHG «417
K w17 7C Auu INCLUDING « 500
B =560 FC—ARD—ICTUD TN w584 e
-] CREATER THAN a5 8%
AN

L2Y
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PAGE 7 BMRPOR SCHOMER DATA = ALL SUBSETS : AVERAGE

FOR EaACH SUBSETY SELECTED BY YOUR CRITERIORN, THE R-SQUAPED,
ADJUSTED R-SQUARED, MALLOWS® CP, ARD THE VARIABLF NAMES ARE
PRINTED. THE REGRESSICN COREFFICIENTS AND T~STATISTICS ARE
—PRINTE ' ‘ Pt = 35 '

MANY OTHER SUBSETS MAY ALSO BE REPORTED THAT ARE NOT
ACCOMPANIED BRY REGRESSION COEFFICIINTS AND T~STATISTICS.
e GOBD AL THOUGH—THE * =

L COME -OF— THESE SURSEFS HAY- BE—Git] c 2 G
NOT NECESSARILY BETTER THAN ANY SUBSET THAT HAS NOT BEEN
PRINTED « , -

SUBSETS &1TH ___1 _VARIABLLS
R-SQUARED 'ngéﬁiﬁiﬁ cp
e445157 <414375 © 73.48 S
«347616 . «311372 89.22 A
«314335 . 4276242 9458 W
2304614  <265981 96415 P
.290140  +250704  98.49
“el73438 127516 117.31 €
<131768  .083533 124.03 )
085865  -035080  131.43 5
-000434  =-.155098 1495.21 R
SUBSETS WITH___ 2 VARIAELES
» ADJHSTED '
R-SGUARED = R=-SGUARED = P
«713832 ° . .6B0165 - 32.15 A P
e61BS39  .573661  47.52 P s
. .415684 . +570470 47.98 & 5
2568762 . <518028 185455 5 %
eS49663  L496683 58463 C S
505469 447289 6576 E s
476365 414761 70445 S i
«450571 +325933  74.61 R S
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380105

445357 7545 B 5
. SHESETS 4 FH———3 AR ASEE S e

} ADJUSYED - o oTTTmmommmmmmmmmmmmmmmmmm -

'R=-SGUARED R-SGUARED cp

. 854916 «827713 11.40 & P s

| «B10142 7745494 18e62 A 5 P

L o797833 759926 2Ce.61. C P 5
695975 «63E970 37.03 P £ 5
674274 «613200 40+53 P s W
626962 «557018 4gels P s 1
e$621%13 550547 49.04 B P S
e£20436 . 549268 49.22 P R 5

SUBSETS SITH ~ “4 VAKIAFLES

AT STED
R-SGUARED R-SGUARED s
914887 892190 3.73 VARIABLE COEFFICIENT T-STATISTIC
. 7 R ’.4—‘-’; T - SR

11 C «092:2575 « 2%
iz P <107567 6.94
i5 s -.042310% -3.54

i — INFEREEPT— o= 1468

! 687857 « 857952 8.09 A P S i

;- ,

A T78323 4SBT T 55 £ z
«864877 « 828844 11.79 A P R s
653048 wE26527 2w —h A & S
856779 .818586 13.10 A P s W

SUBSETS SLTH S VARIABLLS
L . ADJUSTED
R-SGUARED —R-SGUARED ca
933367 +©909570 275 VARIABLE COEFFICIENT T=STATISTIC
- S A 131631 S .re
6 AT PE3T b7
) 11 € (924524 3.40
s s -e0326729 -7a02
.920430 .892012 A c F 5 I

482




A o ¥ e e 5 A

~EBLD1E 5 e55

«914013

.a‘U}
5«69

R EE5H5
«EB Y4837

A1
LIRAR o E SRe i )

«?15143

g

EAY

Ui

. A

W oY

e 3

DA 3O
ST T SU

£

02685

4
2 < v

VARTAELTS

b

SUESETS #ITH

cr

ADJUSTED
R=-SGUARED

R=-SGUARED

;_“79366?5“—‘“79ﬁtﬁ?f“;"“‘—#Tﬁf—*VﬁﬁT#Bbﬁ_—_—*—GGEFFfffEN*“”¥

STIC

et (Y] i}

O

-
[ ]
-

LY =N

« 132617
« 110967
«081%505.

€ ) o

et e o

o< i3t 4§

7 eti
'2.79
« 74

NN I
O N
oo L NTY]
NC NS
D) e 4
-y (v}
v O
L
]

T
5
i

N P

o i SR

INTERCEFT.

4,06
7.04

T-STATISTIC

«127382
«128914

— 8858143

COEFFICIENT

£ )

-VARIAELE

[l

-

« 9046073 4.36

«935734

-
< T
T ebl}

Ed
"

69

11206
30026
13473
Fe 34951

1
Yy
3

.Oﬂw

@G W 4

N

oy = oy

i

¥ Yooy
ATV LV T

903096

T-STATISTIC

VARIACLE

Hebt®9

«933697

b3 o™y
()04 @ 0
b ¢ e
7] 0N
f

L ~]

1

b

«112112
-+(330520
739812

LI B S

«C48B2Y4

s G HrH—

TERCEPT

duaunk

P
ulni_b.wu

Kkl X

[ty

44 e75

«?3337Y

«902242%8

7 VARIABLTS

- D R AN e R e e 4P D R R R S o e

SUBSETS

%1TH

[a) LJ%-;S-%ES
R-SQUARED

Ay

R=-SGUARED

[¥2]

V8]

2

&e (7

«937581

«90%170

W

[.)

orn
1Li

A

&30
&edl

e936157

«878916
«HTE792

A

«934079

«2895041 & 69

«233710
«718983

A

707

«871723

A

29

«8L74G4 -

917577




897613 .537837 12.51 A e EE - R ' - " : o o

S i 1
«8549092 +768979 19.53 A B T € R W 1
SUBSETS #1TH 5 VARIABLFS
R-SGUARED R-SGQUARED  cp
«937976 -892867 BelO A B c P 3 s W i
 «937588 «392197 8«07 A B c P £ R s 1
«936159 «889729 £e30 A e c F R 5 % i
«936040 . .889523 8e32 A B c 2 £ R s Y
«9286221 «872564 . 9.90 A B P £ R 5 & I -
«921991 e665257 1056 A c P E R S w i -
«907843 «5408320 12.86 A £ e 3 R - I
«£56478 .752098 21+15 B c E R 5 W I o
-784008 - 626923 12.83 A 8 c E R S ® I -
SUESETS #1TH 9 VARIARLES
fR-SQUAREn Efgéﬁiigb.“*” P
| «9379% _ .B22192 16.00 A o c P £ R 5 v }

847




PAGE 8 BMCPSH SCHOMEZ DATA © ALL SUBSETS : AVERAGE

1
i

i

‘JE‘.’!:"[' = A C T 8 i cT

| FEERE P2 lb; U KR 2w 2 SUL 3T

| commrmcmmcccecenco———————————

i MALLOMS®* CP 275

‘ SQUARED MULTIPLE CORRELATICN «93337
HUETIPLE COCRRELATION +6651H)
ADJUSTED SGQGUARED MULTe C(ORRe «30%57
RESIDUAL MEAN SGQUARE . . 326262
STﬂNDARD ERROR O0F ESTe. «571193

T F=STATISTIC : 3922

i NUMERATOR DEGREES OF FFEEDCM 2

 DENOMINATOR DEGREES OF FREEDCM 14

. SIGNIFICANCE (TalL PROE.? « 2000

NOTE THAT THE ABOVE F=GIATISTIC AND
. ASSOCIATED SIGHIFICANCE TEND TN BE
: LIBEFAL WHENEVESR A SUBSET CF VARIABLES

—IS—SELECTED FY THE CPOR ADUUSTED — ——  ——
| R-SGUARED CRITERIA. |

. ’ CCNIRI~-
VASIABLE REGRESSICN STANDARD STAND. T- 2TAlL TOL- BUTION

NG R ANE——COEFFTETENT————— ERROR—COEF+—STAT e St6e —ERANCE—F0 R-5G—

INTERCEPT 946578 491656  H4.983 19.2% <0G
9 A «131431 +G2%0233 <431 5¢26 000 «708071 «13173
B e 1 0o e L e T e AN - X4 Smo i oo
11 € «0924524 .027185%8 «283 3«40  .B0H .6R8521 05504
12 P «111335 -0143481 e568  7e76 000 4889577 28659
i5 S -e0326729 e0112073  =e252 =~2.92  +011 «635221 +04045

THE CONTRIBUTICN TO R-SQUARED FGS L[ACH VARIABLE 15 THE AMGUNT
BY WHICH R=SQUARED wCULD BE REDUCED IF THaT VARIAELL #ERE
—REMO¥ED-FROM-FHE- REGRESSHONEGQUATION e —

—-PROBLEM—NUMBER— I COMPEETEDs—— e

NUMBER OF INTEGER ®BORDS OF
5

USLD IN PRECETING FEOLEM 2711
CPU TIME USED ' Fed0Y

STC
FCO

A%/
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PAGE 1 BMDPSR

— BMDP9R. = ALL POSSIBLE SUBSETS REGRESSION
MOP STATISTICAL SOFTWARE, INC. _ - |
964 KESTWOOD BLVD. SUITE 202
213) 475-5700
5= ,
ANUAL REVISED -~ 1981
OPYRIGHT (C) 1982 REGENTS OF UNIVERSITY OF CALIFORNIA

B
1
{
M
C
—¥ ] g
THIS PROGRAM, STATE NEWSe IN THE PRINT PARAGRAPHe

PROGRAM CONTROL INFORMAT ION :

/ PROBLEM TITLE SCHOMER DATA © ALL SUBSETS : AVERAGE ‘e

= ¢
/ INPUT VARIABLES ARE 19.
FOB&AT '(FZ:G.]X,FS O0s2F7el31Xsd4F7elslXy11F7e1)".
(41 ] -
RECLEN
/7 VARIABLE NAMES ARE
GROUP = @G 2,3

}
NAMES(1) = BEGINNER,AVERAGE ELITE.
+S+

X

29
G.Y.ASS,D!S’IN ENSIB,EB, A,B,C,PaEaR,S,WyI T NT.

3
1
R

i

/7 TEANSFORM
NT A+B+C+P+E+R
rnn-'n‘n_'_
A+B+C+P,
10C=ASS.,
A+B+C.

Hele

FASIGE |
wwn
LI T I ]

1+T.

100=IN-EN=EBe

Eq 2) THEN USE = 1
N-—USE = (

DEPENDENT IS Ye

! INDEPENDENT ARE 9 TO 12«

METHOD IS CP.

6
5S




PAGE 2 BMDP9YR SCHOMER DATA ¢ ALL SUBSETS : AVERAGE

1T F
SCHONE DATA : ALL SUBSETS : AVERAGE
" NUMBER OF VARIABLES TO READ INe o o o o o o o o v 19
NUMBER—OF VARIABLESADDEDBY TRANSFORMATIONSv— 8
TOTAL .NUMBER OF VARIABLES o o o o o o o o o s o : 19
NUMBER OF CASES TO READ INe o o o o o o o o o o TO END
CASE LABELING VARIABLES o o o o o o o o o o o o. .
L MISSING VALUES CHECKED BEFORE OR AFTER TRANS e NEITHER
BLANKS ARE. ® ‘. [ J ® ® [ J [ J ® E ] [ J [ J [ J [ J * .® ® ® [ MISSING
INPUT UNIT NUMBER o o .« o e s o o o ¥
REWIND INPUT UNIT PRIOR TO READING. o DATAe o » YES
" NUMBER OF CASES DESCRIBED BY INPUT FORMAT o o o 1
b o C
(- %ssss TRAN PARAGRAPH 1S USED »sna=n
INPUT FORMAT 1S ‘
(FZ-O.lx,F3-0,2F7.l,lX.‘iF7.l,!X’,}[F?.l) i
— MANIMUM LENGTH-DATA RECORD IS 127 CHARACTERS
i I NPUT VARTIABULES e eseos o : ,
: VARIABLE RECORD COLUMNS FIELD TYPE VARIABLE RECCRD COLUMNS FIELD ‘TYPE
s At () - \ \ » - MO E NAM d O P A k! .
1 G B 1 2 - 2 F 11 € ! 65 7t 7.1 F
2 Y i y 6 3 F 12 P 1 72 78 7el F
3 ASS ! 7 13 Fvt——F- 313 E 1 79 8S 71 E
4 DIS 1 14 20 7.1 F 14 R 1 86 92 7.1 F
: 5 IN 1 22 28 741 F 15 S | 93 99 7.1 F
: 6 EN 1 29 35 7.1 F 16 W 1 100 106 7ol F
¥—18- $ 34 82 71 F 17 -1 1 1097 113 y I ¥ <
B EB 1 43 49 7.1 °F 18 1 114 120 7.1 F
9 A 1 51 57 7.1 F 19 NT i 121 127 7.1 F
10 B 1 > 58 64 7.1 F

INDEPENDENT VARIABLES ARE o '
9 A 10 B 1t C 12 P

g———DE&END—EMT VARIABLE s o o o = o s o o & s o o 2 Y
NUMBER OF 'BEST?® REGRESSIONSO e ¢ o & o o o e 5
SELECTION CRITERION e o o o o ¢ o © o ¢ o o o @ CP
WEIGHT VAQXABLE [ ] [ ] [ ] ® L [ ] [ ] [ [ ] . Y ® ® [ 3 * [ ]

123

LE
TOLERANCE FOR MATRIX INVERSIONe o o o o o o o +0001C3C
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PAGE 4 BMDP9IR SCHOMER CATA : ALL SUBSETS ¢ AVERAGE

C ASE ‘ 9 10 11 12 2
NO»—LABEL A 8 = E ¥

1 1.8C0 - 2] 9] «50C 7

4 o 2700 o 11.1310 10

& 4766 358 2030 3+908 1

9 4400 3 s 600 7.100 11

10 4.800 2.800 1200 8.4DEC 11

v

PAGE 5 BMDP9R SCHOMER DATA ¢ ALL SUBSETYS I AVERAGE

— NUMBER OF CASES READe o o o o o o o o o o o o o 62
CASES WITH USE SET TO ZERQO « e ¢ o o o o o o 42
REMAINING NUMBER OF CASES o o » o o o o 20

—SUMMARY STATISTICS FOR EACH VARIASLE

, ' ' STANDARD COEFFICIENT
—VARIABLE—— ———— MEAN—  DEVIATION OF VARIATION
"9 A 8.44CC0 . 6422333 737362
10 8 T 4.06500 2e46283 e 605863

11 C 5o £0 ]
12 P 10.07500 . 9448324 «FELLLA
2 Y - 12.35000 1.89945 «153301
WITH HEAVIER TAILS THAN THE NORMAL DISTRIBUTION.
SMALLEST LARGEST
SMALLEST ' LARGEST STANDARD STANDARD
« 020000 24.50000 c=]e3b 258 «92 .05
« 00000 10.30000 -]1e65 2453 Ty o12
0000 - K | .27 123 299
. 050000 46190000 '099 3QBG 2069 7.60
7000Q00 16000000 -2082 192 =74 l1el1l3
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BMDP9IR"

PAGE 6 SCHOMER DATA : ALL SUBSETS : AVERAGE
CORRELATIONS
A B ¢ P Y

9 10 11 12 2
A 9 1.030
& 10 --839 1508
C 11 <490 154 1.000
P 12 -.086 «004 -.120 1.000
Y 2 «590 e293 «539 552 1.000

ABSOLUTE VALUES OF CORRELATIONS IN SHADED FORM

—9—A £

2 Y - a8

12 pP RO .
11 C 2a.8

168 +—8

THE ABSOLUTE VALUES OF
THE MATRIX ENTRIES HAVE BEEN PRINTED ABOVE IN SHADED. FORM

ACCORDING TO THE FOLLOWING SCHEME

‘- «074 TO AND INCLUDING 42

- «147 TO AND INCLUDING «221

* o%Zl Y0 AND INCLUDING . «295

X 295 —FO0—AND INCLUDING — — 368

] «348 TO, AND INCLUDING 442

8 442 TO AND INCLUDING eS14

] GREATER THAN «516
PAGE . 7 BMDP9R SCHOMER DATA : ALL SUBSETS I AVERAGE
FOR EACH SUBSET SELECTED BY YOUR CRITERION, THE R=SQUAREZD,
ADJUSTED R=SQUAREDs MALLOWS® CP, AND THE VARIAB € NAMES ARE
PRINTED. TYHE REGRESSION COEFFICIENTS AND T-STATISTICS ARE

'~ MANY OTHER SUBSETS MAY ALSO BE REPORTED THAT ARE NOT

ES e

~

ACCOMPANIED BY REGRESSION COEFFICIENTS AND T-STATISTICS.

Y ARE

NOT NECESSARILY BETTER THAN ANY SUBCET THAT HAS NOT BEEN

PRINTED «
SUBSETS WITH I_VARIABLES
ADJUSTED
R-SQUARED R=SQUARED cP
«347616 e311372 75+38 A
<304614 .265981 81.41 P
290140 250704 83.43 ¢
.085865 .035080 B

112.05
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SL@S&I&-—WJM—_Z_&A&IAB.LES_—

- e TSR S G GR GD G Oh G OE D S S A G @b W

' ADJUSTED
R-SQUARED R=-SQUARED . cP
713832 «680165 26¢09 VARIABLE COEFFICIENT T-STATISTIC
* ‘ 9 A «195979 4,93
P 12 P e119153 4,66
: INTERCEPRY 9. 49547
i .
«b676084 e$637977 3137 C P
e 444318 ,3789M4 . 53,84 A B
[ e429822 ¢362742  65.87 A c
e 389305 317458 —  71.t4 B p
: SUBSETS WITH 3 VARIABLES
: ADJUSTED
: R-SQUARED . R=SQUARED cP ,
% 831693 799423 llebb  NMARIABLE COEFEJICIENTY T-STATISTIC
: . ) 9 A , 137800 3.83
- 11 € - « 128930 3.33
12 p 125231 £e17
INTERCERTY 2422515
«810142 774544 1459 VARIABLE COEFFICIENT T-STATISTIC
9 A .198832 5494
1C 8 239457 285
12 P 119089 . 555
— INTERCEPRT 8 +H98465
«715649 6662333 27483 "VARIABLE COEFFICIENT T-STATISTIC
10 8 . « 155286 1.49 i
+1+€ 1SRN 4260
: , S iz P «121868 4,463 i
- INTERCEPT 9.45768 !
e 497688 —— 483505 5834 B € ‘ |
! - A i
i : i
i SUBSETS WITH 4 VARIABLES ;
, . ADJUSTED ' . A .
{ R=SGUARED R-SGUARED cP _ . g
! . : {
892946 8643656 5.00 VARIABLE COEFFICIENT TSYATISTIC |
3 . ) 9 A « 148BS5S0G 4.98
10 B e 195566 2.54
i 11 C «11042] 3.4}
12 P - 124366 744
INTERCEPT B.44984




&€ BMDPYR SCHOMER DATA { ALL SUBSETS : AVERAGE

]
>
o
m

—SFATISTHESFORTBESTL SUBSET
i MALLOWS® CP : . ‘ " 5,00
| SQUARED MULTIPLE CORRELATION 89292
. ADJUSTED SGQUARED MULT. CCRRe «86436
| RESIDUAL MEAN SQUARE . 489374
. STANDARD ERROR OF EST. . *699553
F=STATISTFIE —3 4427
' NUMERATOR DEGREES OF FREEDOM 4
i DENOMINATOR DEGREES OF FREEDOM 15
. SIGNIFICANCE (TAIL PROBe)} .C000
' NOTE THAT THE ABOVE F=STATISTIC AND
. ASSOCIATED SIGNIFICANCE TEND TO BE ;
! LIBERAL WHENEVER A SUBSET OF VARIABLES '
—}S—SELECTED BY—THE CP - ORADJUSTED .
' R-SGUARED CRITERIA. : ;
%m
- _ o CONTRI- |
" VARIABLE REGRESSION STANDARD STAND. T- 2TAIL TOL- BUTION i
f INTERCEPT Beld4984 e424831 4e449 19.89 «0C0 *
9 A « 148550 «0298109 «487 4.98 <300 748324 17727
11 c e110421 «0324281 «338 3.41 .004 .725828 408277
.- 12 P «124306 «0167065 «634 744 GO0 +984176 39523
. THE CONTRIBUTION 10 R=-SQUARED FCR EACH VARIABLE 15 THE AMOUNT
BY WHICH R~SGUARED wOULD BE REDUCED IF THAT VARIABLE WERE
REMOVED FROM THE REGRESSION EQUATION.
PROBLEM NUMBER | COMPLETED. ,
NUMBER OF INTEGER WORDS OF STORAGE USED IN PRECEDING PROBLEM 1617

CPU TIME VUSED 84726 SECONDS

i —

8EY
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PAGE 1 BMDP9R

[

~BMDPOR———ALL—POSSTELE SUBSETS—REGRES SO ————— o

BMDP STATISTICAL SGFTWARE, 1INCe .
1964 WESTWOGD ELVD. SUITE 202
€213) 475-570C ,
~£982-

“PROGRﬁﬁmﬂfViﬁiﬁ*%Pth
"COPYRIGHT (C) 19682 REGENTJ OF UNIVERSITY OF CALIFORNIA

MANUAL REVISED =-=- 198

~T0-SEE REMARKS—AND A —SUMMARY—OF —NEW -FEATURES—FOR— -

~THIS PRCGRAM, STATE NEWS. IN THE PRINT PARAGRAPH.
PROGRRM CONTROL INFORMATION

/ PROBLEM TITLE = * SCHCMER DATA [ ALL SUBSETS ¢ AVERAGE

/7 INPUT VARIABLES ARE 19.

FORMAT = '(FZ.Q,}X F3e 0’2F7 l’lX,4F7-l,lX,llF7 l)'

'—'“’“”‘“““““”UNTT’“"“TT?
RECLEN = 129,

439

/" VARTABLE NAMES ARE GsY ASSaDISINSENSIB,EBAESsCsP by R,S,W,I,T NTe

GROUP = Ge
~#--GROUP—— - CEDEStII =152y Fs— -
NAMES(1) = BEGINNER,AVERAGE ,ELITE.
/ TRANSFORM
| NT = A+B+C+P+E+R+S+W+1,
L S 4 S At

ASS = A+B+(C+P.,
DIS = J008-ASS.
IN = A+B+Ce
EN— = PeES
EB = 1+Te
1B = 100=IN-EN-EB. .
IF (G EQ 2) THEN USE = |
— = —1F G NE-2¥ THEN-USE—=0% —- -
/ REGRESS DEPENDENT I5 Y
INDEPENDENT ARE S5 TQO 7.
METHOD IS CPe
7 END— — e
!

jUﬁ?A“AFTER-TR#NSFORH#%iﬂNS

PAGE 4 BMDPYR SCHOMER DATA ALL SUBSETS AVERACt‘.

j L X ¥ ¥ W N 3 ------------_'---- - e T T )
| CASE _ 5 6 '
—~ RO LABEL o N e e B
1 1.870 . e508  75.70a T37TCC
4 20740 11.130 13.800 - 10
8 G2 e T B O — 2 e 506 - — | | e
9 8.020 8.200 84.100 11
16 6+800 14.830 50.700 11
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| PAGE 'S5 BMDF9R SCHOMER DATA ! ALL SUBSETS @ AvERAGE
] .
CNUMBER—CF— CASES READ s —es —o- s — 4 ¥y ma e g e ey D o o
CASES ®RITH WUCE <ET 7.O IERLC o o & ¢ o o o .0 o : y .
. REMAINING NUMBER OF CASES « o o o o o & 20
}'SUMNARY S?ATIS%%GJ“FGR—EACH VAR ABLE— S —
! STANDARD COEFFICIENT
foe AR FAGE MEAD PEVI AT FON——— OF~ VY AR AT TON--—
L5 IN 1 10.5835233 e504313
: & EN 1 Fe92&63 773785
O il B - e e S S B O -0 663739
: Z Y I 189945 153801
 VALUES FOR KURTOS IS GREATER THAN ZFRO INDICATE UISTRIBUTIONS
PWTTH REAVIER “TATUS TRAN " THE " NORMAL D ISTRIBUTTION o= o o
SMALLEST LARGEST
TMALLEST LARGEST STANDARD STANDARD
VAL UE e cmmmm e M A e e SCORE- SCORE-—GKEWNESS. . KUBTGSIE
IQECQCU "309000c ) -1-‘*9 2.4”‘3 06:‘ -."{3
«S3000 50« 6030200 ~1e¢24 .00 2.63 7665
— 245080 — TN -7 7.7 IS Y- S i 2 S ———— i e hy Lo
 7.0DCED 16.00500 -2.82 192 ~e74 1a13
: PAGE~‘_6 -BMBP?R* SCHOMER DATA : ALL SUBSETS ¢ AVERAGE
| _
-CORRELATIONS e - -
; NN HB— ¥ — -
. - 6 7 2
IN 5 1.020
FENT & w005 =080 - - -
1B 7 =-e510 -+¢348 1.0200
; Y 2 ' «e 694 o536 “0_695 1000
{ . .
‘—Amt_m “VALUES OF CORRELATIONS IN—SHADED FORM IR
S IN .
R . I o
2 Y 6Gs
&6 EN Xan
{ THE ABSCLUTE VALUES OF
CTHE-MATRTX ENTQIES S AVE—BTEN- PRINTEC ABOVE—IN- SSHADED —F ORM e o e e oo
" ACCORDING TC THE FOLLOWING SCHEME
f LESS THAN GR EGQUAL TO «GB7
: . «087 TO AND INCLUDING 174
- - s 74— TOAND ~INCLUDING ——————¢ 2 &1 —e s e
f + o261 TO AND INCLUDING « 347
: X «347 TO AND INCLUDING o424
; N 434 TG AND INCLUDING 521
: ] — 3521 T O AMD R ECUD TR G ¢ OB - = s s —
! s GREATER THAN LOR
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PAGE 7

- BMDP9R

SCHOMER DATA ¢

ALL SUBSETYS : AVEFAGE

f

LPRINTED.

| ACCOMPANIED BY REGRESSION CQEFFICIENTS AND T=-STATISTICS.
FE—GOOD—ALTHOUGHTH

| FOR EACH SUBSET SELECTED BY YOUR CRITERION,
. ADJUSTED R=-SQUARED, MALLOWS®

CP,

THE R=-SQUARED,

AND THE VARIABLE NAMES ARE

THE REGRESSION COEFFICIENTS AND T-STATISTICS ARE
rPRTN*Eﬁ_¥6—%HE—Rfﬁﬂ*—&F‘%HF-Vﬁﬁ%ﬁ&tr*ﬁﬁﬁEST*——*—

iMANY OTHER SUBSETS MAY ALSC BE REPORTED THAT ARE NCT

TSOME OF THESE SUBSET

S—MAY BEGUT
I NOT NECESSARILY BETTER THAN ANY SUBSEY THAT ‘HAS NOT BEEN

EY—ARE

1 VARTABLES

T=STATISTIC

B TAE Yo IR

Be26
7 56

2- ¥ARTABLES - -

S T=STATISTILIC

T=-STATISTIC

297

T=STATISTIC
-2

2472

3 VARIABLES

T=-STATISTIC

belh

e B BT - e

a7 2 = o

‘2003

§PRINTED.
SUBSETS WITH
= AOIUSTED e
R-SQUARED R=-SQUARED cp |
J4B2986 @ 454263 71.48 VARIABLE COZFFICIENT
- . 718 —s(0738243
A | INTERCEPT 14,3368
NTITYY. 452866 71.70 IN
403546 «370832 64.85 EN
SYBSEFS—WETH—— - 2
ADJUSTED -
R-SQUARED  R-SGUARED - cP
 eB81162 «867181 611 VARIABLE COEFFICIENT
& IN c121101
& EN «1209453
N FERCEPTF—— — 8262693
«659303 e619221 "43.65 VARIABLE "COEFFICIENT
ST . & EN « 5857084
—————— 718 *D572607—
| CINTERCEPT 127930
«638922 596442 47.10 VARIABLE  COEFFICIENT
, ; 22 SN L OBBHEED - e -
5 ? 1E ‘ - eDUB5862
| INTERCEPT 12.2264
1 -
: SUBSETS W1TH
' : ADJUSTED B
LwR-SQUkRﬁﬁ~—R-SQUARED P -
: . 905439 «887709 4.30 VARIABLE COEFFICIENT
: 5 IN : < 103487
H—EN . 187869
7 I8 . -.0Z10083
INTERCEPT 9.67648




PAGE 8 BMDPSR SCHOMER DATA . ALL SUBSETS ¢ AVERAGE

‘SkafS*ifs—FﬁR-JBES%**S%&SE? — S - T e : i
MALLOWS® CP 4,00 :
SQUARED MULTIPLE CORRELATICN 70544 _ :
~MULCTIPLE CORRECATTON. — 395155 e e e e i i
ADJUSTED SGUARED MULTe CORKe" «58771 {
RESICUAL MEAN SGQUARE o « 405135 :
STANDARD ERROR OF EST. - 6346502 - ;

—F=STATISTIC —51+ 07 - T e g
NUMERATOR DEGREES OF FREEDCM 3 )
DENOMINATOR DEGREES OF FREEDOM 16 f
SIGNIFICANCE (TAIL PROB.) L0000

NOTE THATY THE ABOVE F=-STATISTIC ANDC

ASSOCIATED SIGNIFICANCE TEND TO EBE ‘ . .

LIBERAL WHENEVER A SUBSET OF VARIABLES : . ' ' : : ST

_!‘S"SE‘L:.CTED-B'Y—TH'E“tP* ORADJIUSTED _ A : T e e e - T Ty
=SQUARED CRITERIA. ' : : :

|
{
|

LK X WSy e e o o o o e D g R 2 e

CONTR 1~

VARIABLE REGRESSIGON = . STANDARD STAND. T- 27TAIL . TOL- _BUTION . ‘ ;
o NAME—————COEFFICIENT—————ERROR— €OEF +—STAT+ —SFG+ —ERANCE- TO—R=-5G - - e
INTERCEFT 9.67548 «618036 5.094 15466 .00 '
5 IN © +1023437 «0160360 «S90 6445 o000 758272 e24514 :
—— 6 EN ) o1 378EFT— = O160831 eSEH 6 T2 < AU00 T e B8IBESU e Z6E52 e e e e
7 18 _ -e{(3218033 e2103654 ~.198 =2.03 oC6C 5622699 .02428 .
THE —CONTRIBUTION TO-R=SQUARED FOR -EACH-VARTABLE 5 FHT AMOUNT-r = e oo o o mm = oo -

BY WHICH R-SQUARED OULD BE R'FUCZD IF THAT VARIABLE WERE
REMOVED FROM THE REGFESSION EGUATION.

PRCBLEM NUMBER 1 COMPLZITED.

L NUMBER —GF~1NTE GER—WORDS ~CF ~5TORAGE USED IN—PRECEDING — - PREBLEM - IHB L. - o o
' CPU TIME USED 8.921 35CONDS

et
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PAGE 1 BMDP9IR

BMDP STATISTICAL SOF
1964 WESTWOOL BLVD.
t213) 475-57€0

WARE, INCe
UVITE 2022

U"-I

MANUAL REVISED ~-- 1981
COPYRIGHY (C) 1982 REGENTS OF UNIVERSITY OF CALIFORNIA

10 - SEE - REMARKS AND A SUMMARY- OF NEW-FEATURES—FOR ‘ e
THIS PROGRAM, STATE .NEKS. IN THE PRINT PARAGRAPH. |

PROGRAM CONTROL INFORMATION

* SCHOMER DATA ¢ ALL SUBSETS [ AVERAGE ‘.

'ARE 15, .
F2elslXsF3e032F7elslXs8F7el,31X,11F7012", 1

7/ PROBLEM TITLE
7 INPUT . VARIA
A

/ TRANSFORM :
A+B+C+P+E+R+
tO0=NT>
A+B+C+P,
1GC0=-ASSe.
A+B+Co.

P+t

1+7e,

100=-IN-EN=-EBo.

EQ 2) THEN USE = 1le

: THENUSE =%

| / REGRESS DEPENDENT IS Yo .
; INDEPENDENT ' IS 3.

LY,V

4“!H|m"

M O> (2D
MODAZ g~

(2NN

-

BﬁﬂPqﬁ—-ktt—Pﬁ¢51QLE~SﬁﬁSE$S~*EGRE55+PN--———"——-ﬂmQ-'~--=~»~~~~w~»

“REVISED APRIE — 1982 . : — s e

'. .
YsASSsDIS,INLEN, iB,t B A,B CoPsEsRsSsWsl,TaNTe

METHOD IS CPe.

PAGE 4 BMDP9R SCHOMER. DATA [ ALL SUBSETS { AVERAGE

~DATAAFTER TRANSFORMATIONS ———————————————————— — —— -—

- D S N gL TG R R )G YR S G M S

F A S E . 3 2
— NG ABEL ASS 4 -
1 2300 7
.4 13.8€0 i0
8 T4t 00— 11 o S B
e 15.120 11
10 172020 11




a4

ASS ¥
3 2
ASS 3 ‘1.03C '
L A 2 eG4 ———t% “’*ﬁ‘v -

4

KURTOSES -

-.5“’

lel2

|
i e P — [,
l:' PAGE 5 BMDOP9R SCHOMER DATA : ALL SUBSETS [ AVERAGE
S — 62 -
|  CASES WITH USE SET TO ZEFO o o o 6 o o o o o 42
; REMAINING NUMBER OF CASES o o o ¢ ¢ o o o 2n
'"S”UMMRT‘—ST‘A’TTSTICS_“OQ EACH VARTADBLE— — e
i OGS D W R S O Gh Al G G R S AR SR ey G E W AR G A T S ‘
v STANCARD COEFF I
AR TABLE T MEANT o DEVT AT HON " —OF VAR
3 ASS 28 05500 13.6G6%3 oY
2 Y 120.;..03(: - 10809"‘:‘ -l
VALUES FOR KURTOSIS GREATER THAN ZERO INDICATE DIJTQIBUT C
WITH HEAVIER TAILS THAN THE NORMAL DISTRIBUTION.
: v SMALLEST LARGEST
CSMALLEST LARGEST STANDAF"D STANDARD
o N A e AR Y B ~GC ORE~  — -SCORE- SKEWNESS -
2-30000 5902000‘:’ ’1088 "028 -3?
7009‘:0‘: 16.0G0C0 -2e¢82 1097 -e74
PAGE 6 BMDP9R ~ SCHOMER DATA [ ALL _SUS%ETS-_: AVERAGE
—CORRELATIONS — EbREE




PAGE 7 BMEP9R SCHOMER DATA © ALL SUBSETS

AVERARGE

~STATISTICS FOR—*BEST —SURSEF—— ~

N T T L T T I L T rrrrry

SQUARED MULTIPLE CGRRELATION «88314
MULTIPLE CORRELATION «9397&
FADIUSTED SGUARED MULT- CORRS + 87665 —
RESIDUAL MEAN SGUARE : e H455 24
STANDARD ERROR OF EST. ' e 667102
F=STATISTIC S 13604
FNUMERATOR DEGREES OF FREEDOM—————1 T
DENOMINATOR DEGREES OF FREEDOM 13
SIGNIFICANCE (TAIL FPROBe) . M siagats

- e s D R S G D EP S S W AR S R R D %R b O W e

‘ . CONTRI-
T VARTABLE —  REGRESSTION " STARNDARD —~STANDe— — ¥T=2TAIL —— TOL=—"BUTION"—— —— P
NOe = NAME COEFFICIENT FRROR COEFe STAT. SIGe. ERANCE TO R-SQ
; INTERCEPTY B.69818 2345817 44579 25. alels '
~——3ASS T130399 ﬁTTTﬁET*““‘*?Hﬁ“*lTﬁ e~-~racaw170§aaﬁa~~uﬂ8344—~m~~~~w—w~»w-~- R
THE CONTRIBUTION TO R-SQUARED FOR EACH VARIABLE IS THE AMCUNT
BY WHICH R*SQUARED WOULD 8E REDUCED IF —THAT VARTABLE WERE - - Rt

REMOVED FROM THE REGRESSION EQUATION.

|

PROBLEM NUMBER | COMPLEZTED.

' NUMBER OF INTEGER
CPU-TIME USED ™~

HORDS COF STORAGE UC”D IN rREC DING

7256 SECOND S T

PROBLEM

1727



Runstream output :

BMDPIR : Superior group x variable sets
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PAGE- & BMEP9IR
“*ﬁﬂﬁ?QQ“‘*ﬂtr_?ﬁﬁgfﬁtf_SU?Sffﬁ-fffﬂﬁ T e

BMDP STATISTICAL SOFTwARE, INC.

19649 HESTHOOD BLVODS SUITE 202

€2133 435-5700
—PROGRAM—FREVISED—#FRIL 1962

MANUAL REVISED -- 1981 '

COPYRIGHT (C) 1982 REGENTS OF UNIVERSITY OF CALIFORNITA

EEREMARKS AN : OF REYFEATURES FOR
THIS PROGRAM, STATE NEWSe IN THE PRINT PARKAGRAFH.

PROGRAM CONTROL INFORMATION

JITLE = * SCHOMER EBATA I ALL SUBSETS o

/7 PROBLEM
VARIABLFES ARE 1%«

7 INPUT

ELITE

F7-.12"'.

FORMAT = "{FlelialXsF3e¢092F 7ol sl X 34F 7l 1X,411LF
T 11= -
RECLEN = 129
Z VARIABLE NAMES ARE GoY s ASS D IS oINS ENG IR FBshaisB sCoaFsE 9fisSs¥islsTsNTe
GROUP = Ge . )
—#—GREUF COPE<t 1 r—15253%
: . NAMES(]) = BEGIAMNERJAVERAGE jELITE .
Z TRANSFORM o
NY = A+4B+C+P+E+R+S+8+ 1,
T =3+ 0=MTs =
ASS = A+R+(C+P .
LIS = 100-A5S..
In = LA+B+Cas
,E?‘ - P"“E.
T = 1e7a
18 = 100~1K-FEN-EF.
IF 16 £G 53 THEN USE = fe
“”‘““—fF”iﬁ NE—3—IHENUSE—=C=
Z/ REGRESS DEFPENDENT IS Y.
1LDEPEHMDENY ARE <@ TOQ 17.
METHOD 1S (Fa.
—# R0 : -
PAGE & BMEPQH SCHOMER PATA I ALL SUBSETS & ELITE
DATA AFTERTIRANSFORMATIONS
C A FAE~‘ . . 3 1 11 12 1z
NBs—LABTL A o € F
b3 84600 1900 1800 3.760 7 %00
‘ﬁ Be«900 2.600 11C0 4.030 Ze2C0
12 &+ 300 84 5300 I+ 1ES =35
i4 4.300 5 3.560 5,400 30400
1& e 50 3 365060 4 3
I | - 15 " 16 17 v
ye 0 S n l?-bﬂ” g
I 1G«7C0 4.450 3700 12
ris 5 & 00— SR -1
392.400 4.300 1.3 12a600 | I
oo ! 2.200 & 17
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PAGE 5 BMIPIRE SCHOMER DATA ¢ ALL SUBSETS ! ELITE

—RUMBER OF CASES READ S < =

Y - - - - - [SY
CASES HITH USE SET TO ZFRD o « o o @ . e Yy
REMAINING NUMBER OF CASEG « . - 18
—SUMMARY STATISTICS FOorREACH VvaRIRBtET ®
STANDERD COFFFICIENT
— V&R W“”uﬁfﬁwp—ﬁf*w%fﬁfﬂ T
9 A F.6£889 . ‘te10736 «422718
ig £ 10.18333 ' 704084 502164
11— e 8 E000 7539665 T84T 5S
12 P 10.606111 : Fe7434E «G&aN30
13 E 365000 ZeH1472 bl 1568
i9 R l146£8A9 1759087 557171
T kSTS Fa97778 341976 729893
16 ¥ 167146867 2«78:23% 146207864
17 1 1165000 724197 21427
; 2 Y 1344444 : %.2549? 1677268
i WALUES FOR KURTCSIS GREATER THAN ZEXGC INPICA?E DISTRIBUTIONS -
i WITH HEAVIER TAILC THAN THE NORHMAL D!STRI UTION. g
i
f 1
j . SMALLEST LARGEST
;qMALLEcT LARGEST STAMDARD STANDARD '
I VALCUE —¥rt Ut SCORE SCERE SHTHRESS —KURTOSTS—
: , - |
I 370000 20.80000 =1 el b Ze?1l «33 %2 |
| 1«80000 33.5%0000 -l1e19 3.31 besfd 395 |
F_T-Tﬁﬁﬁﬂ_;_* 2530000 i=04% 2> T Rl |
I 1600008 31.5000C © - -e8&7 220 Jell -e30 !
! o\‘qDDU g.N0CO0 ’l-‘lq Zel? ebb R y-Yi
-+ eLCooo . 4¢&.,00000 ~kel? Sel? 1el? <23
—— GeEEH— 18- F9RE 0 - -5 S iy -o- 44 - 72
.coooa £.900G0 = ~e62 Z.5% .33 .4n !
- 2060000 25 .00080C o=l 128 «2é& =150
. ¥0.00C000 18.00000 -1le53 2402 34 -2




. PAGE & BMDP9R  SCHOMER TATA © ALL S5UBSETS © ELITE |

—CORREEATHENS ~
|
; A 2 € F £ R < - ¥ ¥
i ¢ 10 11 12 13 14 Y 1é 17 2
2 (& o 3000 /
i T Bl ¥ - 'S P 9L ¥] 9251
C 11 ~-«337 %49 1.000
e 12 «244 025 « 304 1800
£ | -034 <423 027 e ll45 1.£00
R 14 ~875 473 52— «315 =367 588
s Is -~«139 ~e373 -el60 ~«361 -« 3860 «016 1.20C
w 164 - «38% ‘elE]} -.017 -e«430 -234 ~e125 «238 1.000
1 17 «277 -+099 ~e«246 012 g0 «517 ~e140 -«301 1200 ;
: § ra sBZE <759 e 756 529 > -u%? 623 «36& « 26— +H4F =6Rt——
ABSDLUTE VALUES OF CORRELATISNS IN SHADED FORM
9 A a
10 8 «%
11 C +NP
¥ S8 —_
12 P - AR
1% R XNE-B
17 1 ~e=e N8B
Fm“—ffmﬁ—‘ ¥ Xt B
13 E 3 et + =8
‘5 S oetatdr o+

THE ABESCLUTE VALK"t OF : . .
— FHE--MAFRIX—ENTR IS HAVE BEEN—PRINTEDABGVE—TI—SHADEDFORM : ~— ' =

ACCORDING TO THE FOLLOXING SCHEME

LTSS THAN OR EGQUAL To «596

. -096  TO AND INCLUDING - «191

- - w16 F—FO—AND—INEEUD NG 287
+ ©287  IC AND INCLUDING «333

X «383  ¥0 AND INCLUDING . 479

N <75  TO AND INCLUDING «574
bt PS5 —-FO—AH T - IRELUBING &7

2 CGREATER THAN 670

8t
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ELITE

PAGE 7 BMDP9% SCHOMER DATA : ALL SUBSETS :
FOR EACH SUBSET SELECTED BY YOUR CRITERION, THE R-SQUARID,
ADJUSTED R-SQUARED, MALLOWS? cp, AND THE VARIARLE NAMES ARFE
PRINTED. THE DEGRESSION COEFFICIENTS AND T-STATISTICS ARE
Pﬂfﬂfﬁﬂ“*ﬁ*fﬁf—ﬁ‘unu OF —THE VAR TATLE NEMESS
MANY OTHER SUBSETS M2Y ALSC BE REPORTED THAT ARE NOT
ACCCMPANIED BY REGRESS!GN COEFFICIENTS AND T-STATISTICS.
(S OME—OF —THISE—SURSE 8E FHEY R ———— e
NOT NECESSARILY PEITER THAN ANY SUBSET THAT MAS NOT BEFH
PRINTED-
SUBSETS 1TH 1 VARTARLES
AETHSTED
R-SGQUARED R-SGUARED P
- oeSELHY4T «5403600 Y40 &5 £
«502945 471879 5] <69 &
«355542 357763 65.68 P
387892 = 349636 6689 R
! -13¢184 80072 I00.42 5
- :
| 022236  =-.038872 11521 1
: .014q77 -«047119 1624 W
: «006919 - =.055]148 117e24 £
-0006492 —ei6 1817 11807 A
SUBSETS #1TH s VARTABLES
AD IS TED- :
R-SQUARED R-SGUARED cr |
«8770%4 «860662 4.25 B F
«71780% °  <46B0179 259.29 C P
«705974 +666770 26e86 T c
«6765493 «633869 36«69 A C
«5653085 «4606830 33.85 € R
«647280 « 600251 I4.61 € 5
597642 «543995 41417 € W
«590310 «535685 2.14 C £

Zél MUOORS PARAGON



450

588058 «533133 42«48
5 e IY 121 3 “"1.‘ E\ ! 'A % f_—‘_‘?"‘—" —
ADJUSTED . '
R=SOUARLED R=SQUARED CE
«eZ]170HUHE «0RGZLE e96 CGCFF!CILNT T=<TATISTIC
« 175994 DR
«0/13443 24460
; 184658 Ev 67
INTERCEPT Ga7H236
«760C45 « 70250 21 oY &
s 7434656 «68E725 23.88 & P
0736031 &7 GYHE S 2‘*080 C S
e 733455 «8676338 252 C £
722381 &6 2891 264692 C W
«717815. $73464 2729 o - ]
. |
' ADJUSTED ;
R=SGUARED R—SQUARED cP . !
«925959 ‘“5903177 1«78 VAQIABLE "COEFFICIENT T=STATISTIC |
- c : «0616438 «25 ;
10 h «170303 Cdhb
< = 182065 Pl
12 F « 106377 a7
INTERCEPT Salt438]
~—~——923tiﬁ-'—1ﬁﬂﬂ*fﬁ-————iTﬁ9~—#ﬁR+*%t€—————*€ﬁEFF+€+5N*—“--5?+%%4%{6M—
l9?7lq S ehl
007202 z 0/2
‘129308 S eflZ
- G-&4-7 284 L+ 54
! INTERCEPY 41915
«923530 « 900000 211 VARIABLYE COEFFICIENT T-STATISTIC
+9+t%}——~_w£ﬁ+#~m——
oC746260 7634
«117301 5.95
- UBED0933 -1e0%
G+ O-&656
«eG22594 ‘8987764 2623 COEFFICIENT T=-STATISTIC
. el&b611 CelZ
573546 52T
el 14263 .59
'-0](,6600 -7
1019597
«TIEHZH  «B92323 2.78 P i




e e e PR L L R,

16

.917658  .892322 2458 B ¢ F * |
- : ,Ujs%&-fﬂ+—-s~VAﬁfwﬁtr' L
E ADJUSTED o oTTmTmTmTmmmTmmmmmmmmmmmme
' R-SGQUARED R=SGUARED cr
L «932677 «90HL26 250 A o C P S
. «932193 - 903940 2.96 A B8 C P £
| 928958 .899357 3.39 A B C P ¥ B
T Jezessi .899249 3.40 A B - c P
. .928721 «899021 3.42 A B ¢ P R
; 524300 .£92758 4.50 6 C 3 g !
] SUBSETS WITH 6 VARIARLES
L xeovsTEH— TP
| R-SQUARED R-SGUARED cp ;
L .936799 .902325 4e35 A & - C P E " !
9354685 . 900804 4.50 & B C £ 3 %
.934527 .898814 4.65 A & C 5 1 i
«933599 ~897380 4478 A B (o P S #
. «933343 «896984 9.61 A E C P 2 s :
| 926141  -pE5886 5.76 B c P R s 1 !
‘,' P 5 J 38 S e BENNS SO G M 81 7 L' B ER HARSE YRR
f . ADJUSTED TTTTTTTTTTTTTTTTTTTTT T
. R-SRUARED R-SQUARED cP |
§ « 938089 «894751 &e18 A 5 c 2 i £ R v o
| .938032 LB74L5Y 6+19 A G c P 5 ¥
. .936140 .891438 bed4 A B C P £ s I
E «935709 .690704 650 A P c P £ R s
«926223 6745773 7.75 @& C s R S . i
SUESETS i TH— &V AE FAR L o —
R T
R=SQUARED R-SGUAREED cr

2939252



«93E141

883154

Be17 A < P £ K ¥
«9380433 « 882950 Bel9? A c P £ S ]
e936461 .879982 B.40 A B c P £ R s
*934944 877154 £+59 A B ¢ P R 5 i
«927640 .863321 9.56 B C P E & 5 "
. 902578 «B1598C 12.87 A 8 P I3 R s =

. 818393 «656965 2400 A c F 5 v
«B15659 - 651800 24436 A - B R s i e

SUBSETS #ITH 9 VARIABLES

R-SQUARED SAUARED cp

«93%443 «871359 1500 R 5

A



I PAGE 8 BMPP?H SCHOP‘Ep PATA ¢ ALL SUBSZETS ¢ ELITE

3. Y

—STATISTICS

[ M.
[ =}

o £y (G- _ -en—
LA T Dl SUO TR
- - o - : ’

'lw

5 MALLO®S® CP
 SQUARED MULTIPLE CORRELATION

r_*l“l“{‘.‘i'Luxl'l.l:"tunu:l.;uxur\w :
ADJUSTED SQUARELD MULT. CORR

 RESIDUAL MEAN SGQGUARE

' STANDARD ERROR .OF ESTe.

£ AT ICTIL
FoOIRTIISNIL

L B ]
~Ute e

L v v 0D D
e [F1 5 0 L5 e
S O-NON e
WO N3

[0 TR TN R Y o

NUMERATOR DEGREES OF FREEDOM - : : o o : _ _
DENOMINAYOR DEGREES CF FHEEDOM » 14 . S ‘ o !
SIGNIFICANCE (TalL FECOB.? ' . :

’
o
o
0
o

NOTE THAT THE ABOVE F- STATI TI1C ANRD: ' S '
. ASSOCIATED SIGMIFICANCE TEXD 10 BE :
_ LIBEFAL SHENEVER A SUBSET OF VARIABLES

O EY THE CPORADIUSTED
R=-SQUARED CRITERIA.

R g e e 3 o e

]
\ N .
_ CONTRI-
: VAR IABLE . REGRESSICN STANDARD STAND. T- 2TAIL - TOL- BUTICON
NG ——NAME———COEFFICIENT————ERROR— COEF+—STATS 516G ERANCE-TC—R=SC

' INTERCEPT 9.74236 348354  4.320 27.97  .000
- 1o B 4175994 -0302506 +550 560 <000  «£%56317  «19924
e B34 O I 26T vef e B2l ST 03999 ——
12 F «112680 -0196848 513 5.%7  .00C .§02666 .21107
THE—CONTRIBUTION—TO—R—SGUARED—FCR —EACH ¥ ARTABEE 15— M GO

BY %HICH R-SQUARFD wTULL BE REDUCED IF THAT VARIABLE WERE -
REMGYED FROM THE REGRESSION EGQUATIGN. ‘

PRCBLEM NUMEER 1 COMPLETED.
NUMSEROF - INTECER —+CRDS EF _STORACEUSED—INPFECLED NG — ~PROBECM—E 711

CPU TIH#E USED 9419 SECONDS

€sh .
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PAGE 1 BMDP9R

*

DP STATISTICAL SOFTWARE, INCe.
&4 WESTHOOD BLVDe SUITE 202 -

2

%

NUAL REVISED -~ 1981

M

)

213) 475-5700
A ;
OPYRIGHT (C) 1982 REGENTS OF UNIVERSITY OF CALIFORNIA

THIS PROGRAM, STATE NEWS. IN THE PRINT FARAGRAPH-
PROGRAM CONTROL INFORMATION ' '

/ PROBLEM TITLE = * SCHOMER DATA : ALL SUBSETS : ELITE ',
7 INPUT VARIABLES ARE 19.
) T F?I:":AT = "(FZ2e0s1XyF30 0»2'7701 lx’4F70191xsllF7 1)t.
NIF—=—ttw
RECLEN = 129,

/ VARIABLE NAMES ARE G, .ASS,D!S.:N ENSIBsEBsAsBsCsPSESRSS W5 1,T5NT.
; GROUP = G. '
4 GROUP —— CEREStI—=
: NAMES(1) =

éEEansa AVERAGE ,ELITE.
-

/ TRANSFORH
A*B+C+P+E¢ +5

IUU Nx-
A+B+C+P,
IC0-ASS.
"A+Be+Ce -

wnwn

le
T i AL ll:t o~ =
- ¥

lll‘—" A =]

DENT IS Y.
ENDENT ARE 9 TO 12.
D 1S CPe. : -

m—---'mm»-ob &
SAMTMODEZ N g—2

U
G YA NI RN

~
2
m
m

mzm
-0 VR
IMMw
ov2

b S
m
4
0



PAGE  z BMDPYR SCHOMER DATA : ALL SUBSETS : ELITE

 PROBLEM TITLE 1S
SCHOMER DATA : ALL SUBSETS : ELITE
NUMBER OF VARIABLES TO READ INe e o o o o o

. o 19
-~ o
TYOTAL NUMBER OF VARIABLES o ¢ o o ¢ ¢ o ¢ o & o _ 19
NUMBER OF CASES TO READ INe o o o o o o o« o o o TO END
CASE LAGELING VARIABLES o o .6 © o o o o o o o o
BLANKS ARE. 3 ‘ e o o e e e e e o .. ® o ® s e MISSING
INPUT UNIT NUMEER e o . e o o o o o ; 11
REWIND INPUT UNIT PRIOR TO READINGs o DATAs + o YES y
L NUMBER—OF WORDS—OF DYNAMIC STORAGEe oo o oo 14998
NUMBER OF CASES DESCRIBED BY INPUT FORMAT o o e 1
ssese TRAN PARAGRAPH IS USED T0G DG
INPUT FORMAT 1S
(F2e0,1X3F3e0,2F7 1 1x.qr7.1.1x,11r7 1»,
—H**+&uH—&ENG4H—9A4A;REGGRDe+S—é+3¥+GH#R&G¥ERS-
TINPUT VARTIABLES oeoseoo oo ' ' .
VARIABLE - RECORD COLUMNS FIELD TYPE VAR IABLE RECQORD COLUMNS FIELD TYPE
1 6 ' 1 1 2. .2 F 11 C i 55 71 7.1 F
.2 Y 1 y 6 3 F 12 P 1 72 78 7.1 F
3 ASS 3 7 13 71 E 13-& 1 29 8s 7o} E
4 DIS 1 14 20 29 F 14 R 1 86 92 7.1 F
5 IN 1 22 28 7.1 F 1s S 1 93 99 7ol F
& EN 1 29 3s 7el F - 16 W i 100 106 7.1 F
7185 i1 36 42 7o} - 172 1 3 1872 113 71} E
8 EB 1 43 49 7.1 F 18 71 1 114 120 7ol F
9 A 1 51 57 7.1 F 19 NT 1 121 127 7.1 F
10 B | 58 64 7.1 F
INDEPENDENT VARIABLES ARE . ‘
9 A 10 8 1 c 12 P
}9&&5&9&N¥-¥A&+A&g€- — oot oo o o o u 2.y
' NUMBER OF 'BEST® REGRESSIONSe o o o « o ¢ o o o ]
[SELECTION CRITERION « o o © o« o« o o« o« s o o o o CP
I WEIGHT VARIABLE o ¢ © ©¢ o o o o © o ¢ & & o o @ ’
L PRECISION— e+ e o o oo o o o o o+ oo DOUBLE
TOLERANCE FOR MATRIX INVERSIONe o o o o o o o o000ICG0O

S5t
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|
PAGE 3 BMDP9RK SCHOMER DATA : ALL SUBSETS ¢ ELITE ' i
|
i

GROUP '
GROUP = €+ [ AT THE FOLLOWING STATEMENTS WERE NOT FOUND:
ADD LAB USE RET M1S MAX MIN sL
BEF AET CHEC—— WEIG -
e o % WARNING © & s IN PARAGRAPH GROUP THE FOLLOWING TEXT IS IGNORED:
S GROUP CODES(1) = 1s2s3e NAMES(1) = BEGINNER,AVERAGE,ELITE. -
b e THIS PARAGRARH IS FOTALY 1GNORED~
| THE HOST COMMON EXPLANATIONS FOR EXTRANEOUS CONTROL LANGUAGE ARE:
| MISSPELLED PARAGRAPH OR SENTENCE NAME
T 2ENTENCE OR PARAGRAPH REPEATED UNEXPECTEDLY
~ OBTION NOT DEFINED IN THIS PROGRAM
~ MUTUALLY EXCLUSIVE OPTICNS SELECTED

BASED ON INPUT FORMAT SUPPLIED 1} RECORDS READ PER CASE.

PAGE 4 BMDPYR SCHOMER DATA : ALL SUBSETS : ELITE

| DATA_AFTER TRANSEORMATIONS
CASE . 9 10 '
L \ . oM L 12 o
5 | 8600 1.800 1.8C0 3.756 1o
. ‘ . 2:390 Zobgg 1100 $.49G¢C 10
14  4.306 5 3.200 5.600
16 9600 3 3.500 3t i3

K

PAGE 5 BMDP9R SCHOMER DATA { ALL SUBSETS © ELITE

AD

LAl an \ 4 " o . - g d " . g >

CASES WITH USE .SET TO ZERO s o & o & s s o
EMAINING NUMBER OF CASES o ¢ o ¢ o o + &

——5enn*R¥—s4*44s4+és—#es—e+eu—v*a44see_——_;______.___________________;

- O
oLsnN

STANDARD COEFFICIENT
9 A 9.68889 4.10536 e4237
10 8 . e
1€ S8 ca80 e 390es tgad3dd
12 P 10.06111 9.74348 e9 68430 ]
2 Y 13.44444 2.25499 167726 |

—VALUESFOR KURTOSIS GREATER THAN ZERO INDICATE DISTRIBUTIONS
W!TH HEAVXER TAILS THAN THE NORMAL DISTRIBUTION. I
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LARGEST

' . S"‘LLEET STANDARD

SHA&%FEI LASEFEI STAggggg anRF SKEWNESS KURTQSIS
100 . - 2471 ; 93 | «568
3.70000 -  20.80000 146 & =33 .68
1.80000 © 33.50000 : :1.19 g:%% !-gg 3-5‘
- 2420 1o}l -e38
« 60000 31.50000 «87 2 : .28

lé.SODOD 18003000 ‘1053 2.02 34

s et et e ekl e 1 e B A 7 AR A

ALL SUBSETS © ELITE

e

PAGE 6 BMDPSR SCHOMER DATA

egRDfl ATY f\hl(
Ty

A 8 c P ¥
9 10 1 12 2
A 9 1.000 .
8 10— = t42— 100
C 11 -e337 549 1.000 . .
P 12 2449 «0225 « 384 . 1000
Y 2 «025 T «709 ] e 766 «629 1.000

ABSOLUTE VALUES OF CORRELATIONS IN SHADED FORM

o & _a
10 B o8
11 ¢ +pn
20X 1T
SR - S0 - SUS———

THE ABSOLUTE VALUES OF
THE MATRIX ENTRIES HAVE BEEN PRINTED ABOVE IN SHADED FORM
ACCORDING TO THE FOLLOWING SCHEME

‘- «096 -TO AND INCLUDING «191
- e191 TO AND INCLUDING «287
. * «287 TO AND INCLUDING «383
N 479 TO AND INCLUDING e574
g «574 YO AND INCLUDING «679
. GREATER THAN - 670




PAGE 7 BMDP9R SCHOMER DATA © ALL SUBSETS ! ELITE

458 |
FOR EACH SUBSET SELECTED BY YOUR CRITERION, THE R~SGUARED, i
ADJUSTED R-SQUARED, MALLOWS® CP, AND THE VARIABLE NAMES ARE f
PRINTED. THE REGRESSION COEFFICIENTS AND T-STATISTICS ARE
MANY OTHER SUBSETS MAY ALSO BE REPORTED THAT ARE NOT
ACCOMPANIED BY REGRESSION COEFFICIENTS AND T-STATISTICS.
NGCT NECESSARILY BETTER THAN ANY SUBSET THAT HAS NOT BEEN
PRINTED . -
SUBSETS WITH 1 VARIABLES
R-SQUARED R=-SQUARED cP
oSB86Y447 «eS5606GH CBeb} C
«5C2945 .471879 73.27 B
«395542 ¢357763 92.13 P
000642 ~e061817 161.47 A
SUBSETS WITH — 2 VARJABLES
ADJUSTED : :
R-SQUARED R-SQUARED cP
| «B77054 e860662 9.59 VAR IABLE COEFFICIENT T-STATISTIC
i 16 B8 «222056 7066
| 12 P . 141599 5e76
t INTERCEPY 975853
«717805 «680179 37455 C P
L .705974  .4686770 39.42 & ¢ 0000
«676943 «633869 44,72 A B« ‘
, _
it 4 - . . .
SUBSETS WITH 3 VARIABLES
ADJUSTED
R-SQUARED R=-SQUARED ce
, ,
! . 10 8 e 175994 580
| - 11 ¢ «0813443 2.60
! 12 P . 112683 5.97
| , ‘ INTERCEPT 9.7423%
% .877195 850880 11.56 VARIABLE COEFFICIENT T=STATISTIC
9 A -.00682018 -—13
10 B <221388 7.27 ;
12 P c142312 6e35 :
, INTERCERT— P +
0790629 .745776 26.76 VARIABLE " COEFFICIENT T~-STATISTIC |
(9 A « 169812 2.38 .g
i1 ¢ 197671 4.23
, INTERCEPT Be745265 ‘
—  e7B3656 . 5688725 35.01 A < P ’
i ' » SUBSETS WITH 4 VARIABLES
P ADJUSTED _
| ' R-SGUARED R=SGUARED . cp
I i 9 A c0616938 1e25 . |
. 10 B ©170303 = Sebé
! 11 ¢ « 102065 2.93
12 ¢ 106397 4,87
' INTERCEPT 9.14381




PAGE B BMDPY9R SCHOMER DATA ¢ ALL SUBSETS : ELITE

h;54A44544GS—FOR—JB€S$J—§UES€J

. MALLOWS® CP  4.87
SQUARED MULTIPLE CORRELATION 91704
ADJUSTED SQUARED MULTe CORRe .89633

. RESIDUAL MEAN SQUARE «512216

| STANDARD ERROR OF EST.. . «715693

— F~STATISTIC 1e59
NUMERATOR DEGREES OF FREEDOM
DENOMINATOR DEGREES OF FREEDOM . 14
SIGNIFICANCE (TAIL PROBe) .0000

NOTE THAT THE ABOVE F=STATISTIC AND
ASSOCIATED SIGNIFICANCE TEND TO BE
LIBERAL WHENEVER A SUBSET OF VARIABLES

R=-SGUARED CRITERIA. il

' . : : CONTR]=-
VARIABLE Raeaessxog . STAhDARo STAND» T- 2TAlL TOL=- BUTION
- INTERCEPT 9.74236 : e348354 44320 27.97 «0DC0
1c B ;3z§994 © «0303506 «550 Se.80 «000 «658317 19924
+—¢€ -38134
12 P «1186

8o, «0198848 . 513 Se97 «0CO 802666 21107

BY WHICH RoSQUARED #OULD BE REDUCED IF THAT VARIABLE WERE
REMOVED FROM THE REGRESSION EGUATION.
[ ]

PROBLEM NUMBER 1| COMPLETED.

DS_CF STORAGE USED IN PRECEDING PROBLEM 1617
CPU TIME USED Be987 SECONDS

65t



PACE | BMOPGR

S BMEPOR— = Al L PSS IBLE-SUESETS-REGR

i BMDP STATISTICAL SCFT®RARE, INCe
1964 WESTHOOD BLVDs SUITE 202
(Z13) 475-57Q30

ESSFON

LPROGRAM-REVISEC—APRIE. — 1982~
| MANUAL REVISED == 1981
|

| COPYRIGHT (C) 1982 REGENTS OF UNIVERSITY OF CALIFORNIA

CFOUSEETREMA

‘PROGRAM CONTPOL INFOPhAT!ON

RK §=-RN D A—SUMMAR YO F-—HEw—
THIS PRCGRANM, STATE NEESe IN THE PRINT PARAGRAPH.

/ PROBLEM TITLE = * SCHCMER DATA
/7 INFUT VARIAEBLZS ARE 1[9.

R V310 b Sy & -
RECLEN = 129,

./ VARIABLE NAMES ARE G,Y,ASS,DIS,I

GRCUP = G

FEATURES FOR———

¢ ALL SURSETS ¢ ELITE

FORMAT = '(FZ.C,IX Fle ,,2F7ol,lX 4F7-I,IX,11F7.1)'

NyENyIBsEBsAsB sCsF aE 3R a5 o

2 GROUP—~—COBEStII—=—1

/ TRANSFORM
NTY = A+B+C+P+E+R+5+

253
NAMES(1) = BEGINNER, AVERACE ELITE.
we

"""""" — T ="1T0C=NTx%
ASS A+B+C+P,
D1sS 100=ASS.
IN A+B+Ce

N = PeEs
EB 1+T.

IB OD=-IN=EN-EBe.

IF G 3) THEN USE =

1
T

1

E

S NE—3 ) THEN—USE
/ REGRES DEPENDENT IS Y.
INDEPEKDENT ARE 5 TQ 7.
METHOD IS CPe

%
i .
mmmnu

-/ ENDT

PAGE ‘4 BMDP9R SCHOMER DATA : ALL SUBSETS : ELITE

460

CDATFAAFTER—TRANSFORMATIONS

. C A S E ‘ 5 6 2
b= NG e ABEL ~ 11 £ 1 B —
g 12200 11.400 4e %l
6 12.686C be 600 254190 ir
P e e D G g QO B 4G G B 60 G o )
14 13150 9,060 45,250 12
16 ‘16180 7 21430 12
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PAGE. 5 BMDPIR SCHOMER DATA : ALL SUBSETS © ELITE

NUMBER—OF —CASES—READ v+ +—v—s—— v o2 -
CASES WITH USE SET TO ZEZRO o &« o & ¢ o o o =« Yy
REMAINING NUMBER OF CASES « o o o o o o & ia
—Sunn#R¥—SfﬁfTSTfﬁS—FGR*fﬁf&fﬂhH%f#&tf“*"*-“—“—_ - -
‘ S ' STANDARD COEFFICIENT
VAR TABLE————————MEAN ———— —DEVHATION— O F VAR I ATFON -
5 IN 28467222 12.19285% e425250
& EN 13.71111 9.69208 706878
- —— 716" 1333343530569~ — 5T 2379} -
2 Y . 13.44444 2.25499 167726
VALUES FOR KURTOSIS_GREATER THAN ZERO INDICATE DISTRIBUTIONS
—w11ﬁ—ﬁ£nv1EF*ftfts—fﬂnwwﬁﬂf—Neﬁﬁkt~ﬁf5#ﬁfﬁﬂf10ﬂ -

. ' - SMALLEST LARGEST
SMALLESTY LARGEST STANDARD STANDARD

oV A — VA —SEORE———SCORE- -SKEWMESS - KURTOSIS——
| .

 12.20000 59.50000 @ =135 253 - e56 -.01

| 420000 32.6G0CC -.98 © 1e95 .87 -.84

. 2.28668“‘“——QﬁfBGBGﬁ“-——-iu22“—-~—2-96“~—_w~~r?q—--w-fgg ------ -
; -e

)

16.3000C - 18.200070 -} eH3 2602 . 34

PAGE 6 BMDP9R  SCHOMER DATA ¢ ALL SUBSETS : ELITE

~CORRELATIONS—— : i

N N B VI -
. 2 s v s 7 2
IN 5  1.000 ' ‘
EN & 39— 150500 e
1B 7 . ~e&B88 -e427 1.000
'Y . 2 ‘0883 : 0653 -.799 10000
- ABSOLUTE—VALUES OF —CORRELATIONS—IN-—SHADED—FORM —— - —— -

S A D T D S T e D R NP R S S N R R ER T SR RO W m AR A e e W

5 IN ] - ‘

.._____-h__z___.Y — 1' — . [ —— e+ rm—— e »
7 18 . 0@l .

| 6 EN . +H+R

| S _ N

i

' THE ABSGLUTE VALUES .OF

kTﬁE~Mﬁ¥ﬁfx—ENTﬂfﬁs—ﬁﬁVEﬂﬁsew—PﬁfN+£o—Aﬂﬁ#ﬁ~1k—:ﬂﬁ&%&—F0qn—

{ ACCORDING TO THE FOLLO¥WING SCHEME

| LESS THAN CR EGQUAL TQ «110

i . «130 TO AND INCLUDING «221

- - 22— TO AND—INCLUOING 33— — - -

g + «331 TO AND INCLUDING e4y2

i X <442 TO AND INCLUDING «552

: ] «e552 TO AND INCLUDING eb62

‘ 8- s 66 2— FO—ANE—INCLUDHNG———— 7 F——

] GREATER THAN «773
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BEMDP9R ALL SUBSETS ¢ ELITE

- PAGE 7 SCHOMER DATA <o

FOR EACH SUBSET SELECTED BY YOUR CRITERION,

THE R=S

ADJUSTED R=SQUARED,

MALLOWS®* CP,

ARE
E£S

! PRINTED.

QUARED
AND THE VARIABLE NAM Aée
TRE REGRESSION COEFFICIENTS AND T-STATISTICS ARE

TPRINTED  TO THE RIGHT OF —THE VARTABLE NAMESe - oo

MANY OTHER SUBSETS MAY ALSC BE REPORTED THAT ARE _NOT
. ACCOMPANIED BY REGRESSION COEFFICIENTS AND T=-STATISTICS.
- SOME—OF ~THESE - SUBSETS MAY BE QUITE GOOB-ALTHOUGH THEY -ARE —— -~ -

NOT NECESSARILY BETTER THAN ANY SUBSET THAT HAS NOT BEEN
PRINTED «
| — e
P . . SUESETS KITH | VARIAZLES
RUJIUDSTCL Y T omTe o T e
R=-SQUARED R=SQUARED cP
.780C63 «766317 15.58 VARIABLE COEFFICIENT T=STATISTIC
sl 153344 7483
INTEFCEPT 8e76171
) £02199 <471086 52.94 1B
<426385 «390534 63.13 EN
— SUBSETS—WITH ———2-VARIABLES
ADJUSTED '
| _R=SGUARED R=SGUARED cP
.892019 .877622 2.52 VARIAGLE COEFFICIENT T-STATISTIC
: 5 IN .137089 804
5 EN «0E45658 3.94
INTERCEPT — ~ 8364 3G e s
«799521 e772791 1496 VARIABLE COEFFICIENT T=-STATISTIC
5 IN .138906 4.72
R : T T8 S D X S
INTERCEPT 100603
« 652564 «606239 34,72 VARIABLE COEFFICIENT T=-STATISTIC
, N HE-PE TR = U 2= -
7 I8 -e0891112 -3.12
INTERCEFT 13.7150
' SUBSETS WITH 3 VARIABLES
i ADJUSTED
F—R=SQUARED —R=SQUARED———CP e
t
.895888 «873578 4.0C VARIABLE COEFFICIENT T-STATISTIC
. 5 IN «127562 5.72
- &-EN O8O TH I B g O o
7 IB -.014942] -.72
INTERCEPT 3.96888

frﬁ:; MAE B RAGON
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-
m

l
! .
\ 8 BMDPY9R SCHOMER DATA : ALL SUBSETS : EULITE )
i ) . - .
s .
F-STATESTHES—FOR —BESTSUBSET _
| MALLOWS® CP 2e52
| SQUARED MULTIPLE CORRELATION 89202 .
ML T HPLE—CORREEATION — 47— —
| ADJUSTED SQUARED MULT. CORR. eB7762 B -
| RESIDUAL MEAN SQUARE R «622269
| STANDARD ERROR OF EST. ~ ~ ~  .788853
—FeSTATFSTHHE—— —_ ———— &1 56 nm = e s o
| NUMERATCR DEGREES OF FRESDOM. , 2
' DENOMINATOR DEGREES OF FREEDOM 15
| SIGNIFICANCE (TAIL PROB.) . «20LCO-
! NOTE THAT THE ABOVE F=STATISTIC AND
| ASSOCIATED SIGNIFICANCE TEND TO PE
| LIBERAL WHENEVER A SUBSET OF VARJIABLES
TS _SELECTED BY_THE CP OR ADIUSTED e e e e
! R*SGUARED CRITERIA.
, ' CONTRI-
VARIABLE . REGRESS1ON STANDARD STANDs - T= 2TAIL TOL- _BUTION
NOs— — NAME—-— —€CEEFFICIENTF——  ERRGR—- COEF+ SFATw - SiGe—- ERANCE-TO R=5S(
 INTERCEPT 835430 497622 347705 1679 .2ca
S IN . 137089 0170454 741 8.04 «GO00 847453 456563
N — BB RS E 58— w821 4436 33— v 4 w06 I~ —w3HF453 1 HF6- e e e
THE CONTRIBUTION TO .R=SGUARED FOR EACH VARIADLE 1S THE AMOUNT
LB Y WHICH R=SQUARED -WOULO—BE REDUCED—FF-THAT VAR IABLEWERE- ~ -~ o w5 oo —oms o e
REMCVED FROM THE REGRESSICN SGUATION.
PROBLEH NUHBER | COMPLETED.
NUMBER OF INTEGER WORDS OF S5TGRAGE USED IN PRECEDING Lrn 14451
- CPU—TIME-USED——— —BEF5-SECONDS R T

€9t
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PAGE 1 BMDP9R , .

SSTELE SUasStTS REGRESSTON
EMDP STATISTICAL SOFTWARE, IMC.
1969 BESTUOOL BLVDe SUITE 202
1213) 4375-5700 ‘ :
—FP RO

MANUAL REVISED -- 1981 '
COPYRIGHT (C) 1982 REGENTS OF UNIVERSITY OF CALIFORNIA

——FG_S‘E‘E—‘RE‘M‘RK‘WB“ MK A —GUMMARY—OF—NETFEATURESTFOR—
r THIS PROGRAM, STATE NEWS. IN TME PRINT PARAﬁRAPH-

PROGRAM CONTROL INFORMATION
- ]

I 4 PROBLEM TITLE = * SCHOMER DATA I ALL SUBSETS T ELITE ‘.

i 4 INPUT VARIADRLES ARE 1%.
i FORMAT = "(F2e0s1X,F3e0,2F7 l.lX,4F7.l,lX,llF7-l)'

; CEITT—1ts
L RECLEN = 179 .
2 VARIABLE NAMES APE Gy YsASSoDIS INENS IR FBsAsByCiPsEsRsSyvigl 97T 3T e
GRCUP = G )
S —EREVDF L oBESt—= %32,3 -
NAMESLY) = BEG]N 2AVERAGE sELITE »
7 TRANSFORM _
NT = A+*B+C+PsE+R+S+¥+].
T =388 ~MT - -
ASS = Ae¢B+Ca+P,
PDIS = 100-ASSe
I = A+B+Ca -
- £ =Py
fe = §+7a
IB = 1CG0~1hA~-€EN-EG.
IF (G £ 33 TH[N USE

i

?

- ot W1 a.rr
IVT JJ lnr. WO

7 REGRESS DEPENDENT 15 Y.
INDEFEAMDENT IS
METHOD IS5 CPa

.

b LD w=

——Ff—ENRD

PAGE 4 BMDP®R SCHOMER DATA 2 ALL SUBSETS = ELITE

—BATFAAFFER-—FRANSFORMATIONS e e

C ASE ' 3 2
NGO tABEFL—— #55 ¥ —

T 15. %00 10

_é 17000 10

iz 23+ 00 11

14 : 183«700 12

1¢ ' 12

20100
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PAGE 5 BMDP9R SCHOMER DATA ¢ ALL SUBSETS ¢ ELITE

4

—OF—€EASES PEAD v v s e R RV F R ———— A ———
CASES 23TH USE SET TO ZCHO o« o ¢ o o o« & o o B
) FEMAINING MUMBER OF CASES ¢« o e ¢ o &« o @« 18
- — S UM MARY ST A HI ST e S—F R ACH Y ARI AR

STANDARE CCEFLICIENT
V-AEHARLE ME-AN BEATHEN , SF—VARTATT-ON
3 ASS . 38.73333 17.94157 «463208
2 Tl e dyyyy 225499 «1672726

VALUES FOK KURTOSiS GREATER THAN ZERO INDICATE GISTRIGUTICNS

WITH HFAVIER TAILS THAK THE NORMAL DISTRISUTICON.

o - SMALLEST  LARGLST
SHALLEST LARGEST STANGARD STAKNDAKD
A MR S CORE G CRRE SN EART ST SR TE GG

15« 50000 71.7G6000 -1.27 1.84 eul ~1ezH
10 00GR0 1 8.000080 -1e52 2.0z .34 -i?

PAGE & BMDP9% SCHOMER DATA : ALL SUBSETS : ELITE
—CORKELATIONS - — - {
— A5S ¥
| 3 2
ASS 3 1.000
Y P DR Fa =060




! PAGE 7 BMDP9R SCHOMER DATA : ALL SUBSETS : ELITE

STATISTICS FOR SBEST—SUBSET .
| SQUARED MULTIPLE CORRELATION «38692
' MULTIPLE CORRELATION «94177
—ADJUSTEDSGHAREE UL T+ CORRS S TS
. RESICUAL MEAN SGQUARE «610934
. STANDARD ERROR OF EST. «781523
| F=STATISTIC _ 125 .50
~—NUMERAFORBECREES —OF FREEDSOH t
| DENOMINATOR DEGREES QF FREEDOM 16
. SIGNIFICANCE (TAIL PRORG) -« COCO
i :
| CONTRI-
AR FABLE—————REGRESSHON—STAKDAR T2 FAH———F 05U F T ON—
NOe  NAME CGEFFICIENT ERROR  COEFe STATe SIG. ERANCE TG R=SQ
INTERCEPT © B.BE974 . .448B13 3.929 19.74  .000
3—ASS 8366 «B185566 xH 2} b 28— «E06--1 «BETDOD SNLF:
THE CONTRISUTION TO R-SGUARED FOP EACH VARTABLT IS THE AMOUNT
— B8 ER—#OULD—BE REDUCED F—THAT VAR HABLE WERE
REMOVED FROM THE REGRESSION EQUATION.
PROBLEM NUMETR 1 COMPLETEC. ‘
NUMBER OF INTEGER %ORDS OF STORAGE USED IN PRECEDING PROBLEM . 1792
—€PY—TIMEUSER ——F %255 SEEONDBS -

99¢%



APPENDIX 6

Regression equations for the proportions of association-perceived

exertion lévels data

All Y = 0.118X + 8.874
Novice Y = 0.113X + 8.925
Average Y = 0.130X + 8.698

0.118X + 8.858

Superior Y

with X = proportion of association

perceived exertion level

-
[}

467
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APPENDIX 7

Questionnaire for MSTP participants

1. Name @ sieveeenenenencnananns cesssceasenan caen

2. Age ' Liiiiiiiieeenens

3. Weight : .. .icivvinnnns

4, Number of years/months you've been running: :

5. Do you represent a club and if so which one?

6. What is your best standard marathon time?

7. How do'you rate your running approach? Tick whichever is appropriate :
(a) serious
(b) moderate involvement for fitness gain
(c) Tow involvement for fun aspect

8. How many times do you\typically train a week? And how many kilometres
do you cover?

9. Do you feel that the MSTP helped increase your overall performance?
' Ring the appropriate answer.: '

Not at all 1 2 3 4 5 Definitely
Moderately

10. Do you feel that, as you had to concentrate more on your body, pace,

etc. your level of performance increased? Ring the appropriate answer :

Not at all 1 2 3 4 5 Definitely
Moderately
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12.

13.
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15,

16.

17.

18.

19,
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Did you find having to talk while you were running made you more

conscious of your concentration?
Not at all 1 2 3 4 5 Definitely
Moderately

Did you practice using the taught mental strategy without
the trainer?

a)
b) Would you use it in a race?

(

(

(a) Ce b eeeeanesanaesanesatseatsnetssesasetatsetatacstsenerannas .
Do you feel the presence of.the trainer is essential?

Do you feel that using associative mental strategies might have
been a hindrance to your usual thought patterns?

s e 00000 s ae s eo0 00000 s 0600600000600 000 000000000000 00000000sssstssce

Do you expect any increased times of fun runs, marathons or half-
marathons due to your mental strategy training?

Did you think that the equipment (ie. headphones and transmittef/
receiver) could be improved? Suggestions please.
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Would you please comment on any other beneficial (or othérwise)
effect this programme has had on you and your running performance :

In future, will you be employing the taught/fostered mental technique?

Would you recommend this tra1n1ng programme to other 1ong ~-distance

“runners?



470

20. Would you have liked this programme to be longer? If so; for how
many sessions?

................................................................

THANK YOU FOR YOUR INTEREST, DEDICATION AND CO-OPERATION.

6 SEP 1985





