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POSITIVE MENTALACTIVITY

This fourth issue o€oaching Science Abstracteviews articles concerned with positive mental
activity. It is not possible to talk on this general topic under one separate heading. This issue has
been divided into five sections.

A. Basic Researdls concerned with research articles not involvingspophysical activity but
which have important principles and action guidelines that might be useful if applied or
researched in sport settings.

B. Selftalk relates sporspecific research that assesses the effects and dynamics of athlete self
talk onperformance. This topic suggests that coaches must pay attention to the type of mental
dialogue in which athletes engage.

C. Coach's Influenceeports on a number of studies which relate coaching behaviors to the
covert dialogue of athletes. These shoat thcoach can affect the stdfk of athletes in an
unintentional way purely by their behaviors and speech content.

D. Positive Thinkingovers a variety of topics which embrace general categories of positive
thinking. It is assumed that se#lk undelies most of the concepts considered but their

interaction with sporting experiences will affect consequent behaviors. Each abstract should be
considered and its implications for specific coaching behaviors noted and, hopefully,
implemented.

E. SuggesteReadingprovides a reference for a spspecific selfhelp manual that is designed
to alter many of the skills and activities discussed in this issue. It is possible for coaches to
require athletes to perform mental skills training exercises withoutr@asonable investment of
the coach's time.

The main impact of this issue should be the realization that positive mental activities,
interpretations of sporting experiences, and the nature of external events can affect performance
in a beneficial manner.obrces of negative impact have largely been ignored. Attention to the
factors discussed in the following abstracts is an avenue for generating performance
improvements.
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Basic Research is concerned with research articles not involving sport or physical activity but
which have important principles and actiguidelines that might be useful if applied or
researched in sport settings. These articles are presented as coethatita "general
understanding” of the field might be developed.

1. POSITIVE SELF-TALK AND ORIENTATION

Zastoney, T. R., Kirschenbaum, D. S., & Mag, A L. (1986). Coping skills training for
children: Effects on distress before, during, and after hospiializor surgeryHealth
Psychology, 5(3231-247.

A positive selftalk coping skills group had fewest problems when compared to an
information and anxiety reduction group. It also had less anxiety and difficulty the night
before surgery. Positive saHlk appeared to reduce anxiety.

2. POSITIVE SELF-STATEMENTS

Schumate, M., & Worthington, E. L. (1987). Effectiveness of components of self
verbalization training for control of cold pressor pdiournal of Psychosomatic
Research, 31301-310.

Using cold pessor pain, it was found that positive ssltements were significantly
associated with an increase in pain tolerance and a decrease in maxirapcsttd
pain.

Implication. As the pain of hard work grows, athletes should increase the amountrof thei
positive seltalk. If they do not know how to do this, they should be taught the
appropriate mental skill.

3. SELF-TALK AND SELF -ESTEEM

Burnett, P. C. (1994). Setélk in upper elementary school children: Its relationship with
irrational beliefs, selesteem, and depressialournal of Rational and Emotive and
Cognitive Behavior Therapy, 1281-188.

ResultsPositive seltalk in preadolescent boys and girls was positively related te self
esteem and negatively related to irrational beliefs and depmestowever, a similar but
reverse relationship was not related to negativetakdf

Implication. In young children, the presence or absence of positiveaklis strongly
related to mental welbeing. Practitioners should teach and encourage ehikdruse
positive selftalk as part of their personal selévelopment. Better adjusted children are
likely to result from such an endeavor.
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4. NEGATIVE SELF -TALK INCREASES THE PHYSIOLOGICAL COST OF
FUNCTIONING

Vera, M. N., Vila, J., & Godoy, J. F. (1994 ardiovascular effects of traffic noise: The
role of negative selftatements?sychological Medicine, 2817-827.

Under stressful circumstances, female college students demonstrated an increased cost of
physiological function (e.g., higher heart ratetien negative selfalk intruded upon the
situation.

ResultWhen a troublesome event was attended to and accompanied by negative self
statements, the greatest increase in cardiovascular function occurred.

Implication. Negative selistatements inflatdhe detrimental effects of external stresses
particularly through increased physiological costs. Such behaviors are likely to decrease
the performance capacities of athletes.

5. SELF-TALK IS ASSOCIATED WITH ACADEMIC SUCCESS

Manning, B. H., While, C. S., & Digherty, M. (1994). Young children's private speech
as a precursor to metacognitive strategy use during task engagbieeotirse
Processes, 11,91-211.

Kindergarten children who were more autonomous and academically advanced were
shown to engage in lesaskirrelevant private speech. This suggests that for children to
learn taskadherence, they should be taught generalized positivedisiant sektalk.

Implication. Young children's seffalk that is positive and taskiented is associated
with aademic success and standing. It is reasonable to expect a similar association with
physical activity and sporting performance.

6. SELF-TALK AND LEARNING ACHIEVEMENT

Kamann, M. P. & Wong, B. Y. (1993). Inducing adaptive copingselfements in
children wit learning disabilities through seifstruction trainingJournal of Learning
Disabilities, 26,630-638.

Normally achieving elementary school children produced substantially more positive
selftalk than children with learning disabilities. After trainjiigere was a moderate,
positive correlation between increased positive-tsdif and math performance in
learningdisabled children.

Implication. When children are taught positive stfk to be associated with task
performance, their performances improve. This occurs particularly in children who have
been diagnosed as being of a problematical level.
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Children having difficulty with physical actity could be assisted to improve by

engaging in positive sethlk about their own improvements and independence. The
ability to do that will be greatly affected by the coach/teacher's exhibition of appropriate
practice performance appraisals.

7. SELF-TALK A ND IMAGERY LEAD TO BETTER WORK STANDARDS

Neck, C. P., & Manz, C. C. (1992). Thought detidership: The influence of selk
and mental imagery on performandeurnal of Organizational Behavior, 18381-699.

Employees influence or lead themselvepédorm more productively and effectively by
using specific cognitive strategies that focus on individualtatdfand imagery. This

leads to the concept of constructive thought management as a means of performance
enhancement.

Implication. Teaching indriduals how to analyze and construct plans of action couched
in positive terms will lead to enhanced performances. Such plans should be able to be
vocalized both internally and externally.

8. TEACHING STRATEGY USING POSITIVE SELF -TALK

Solley, B. A., & PayneB. D. (1992). The use of sdtilk to enhance children's writing.
Journal of Instructional Psychology, 1205-213.

A 3-stage model for teaching se#ik to children is described:

(a) instruct the importance and advantages of positivaakland tke destructive
properties of negative setlk;

(b) produce written statements using positive-egffressions; and

(c) use more positive sdialk while revising the previous written statements.

Implication. In physical activity, a possible model foat#ing children to think

positively is: (a) instruct on the values and benefits of positivaa&lf (b) practice

forming selftalk statements, and (c) after further instruction, embellish and improve on
the previous selfalk statements.

9. SELF-TALK MORE EFFECTIVE THAN IMAGERY

Oei, T. P., & Barber, C. (1989). Cognitive strategies used to rehearse positive self
statements. Psychologian International Journal of Psychology in the Orient, 2@3
210.

Instructions to rehearse, visualize, or to empldyegitehearsal or visualization improved
the rate of positive setalk in each of three groups. Those who initially increased their
rate and clarity of selfalk maintained the instructional effects for a greater period of
time.
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Implication. Instructing b selftalk and practicing it is possibly the quickest and most effective
method of developing this skill. Using an indirect method, such as imagery or rehearsal is not as
poterPOSITIVE SELF-STATEMENTS AS A COPING PROCEDURE

Girodo, M., & Wood, D. (1979). dlking yourself out of pain: The importance of believing that
you can.Cognitive Therapy and Research23;33.

It was found that positive setélk coping strategies and subsequent belief in personal control
were critical to success. Ss who were provided a rationale for why the treatment worked, coped
better with experimentally induced pain than those not provideda rationale. It created:

T an expectancy or belief that one could cope with and overcome the pain; and
1 a sense of effective personal control.

Implication. Belief may be as effective as a strategy for developing concerted efforts. However,
much of Rushll's work with athletes would dispel such a notion. Many athletes' beliefs are not
based on fact and compete with applying principles that actually do promote performance
improvements. However, an athlete has to believe that what he/she is doingasdigleipful,

whether or not that is true, t*@SITIVE SELF-TALK AND ANXIETY

Girodo, M., & Roehl, J. (1980). Cognitive preparation and copingtakf Anxiety management
during the stress of flyinglournal of Consulting and Clinical Psychology, 288-989.

Patients were found to become lstiessed if they used positive sstihtements with stressful
situations. The model used was:

1 Ss were taught a variety of positive s&tfitements which focused on finding a stressor.

1 The stressor was confronted.

1 Positive selstatements were used.

1 Ss were reinforced for using the statements.

Implication. Positive seHtalk is a procedure that assists st@sging. An obvious use would be

to engage in it prior to the commencement of a competition as a meamsldpghe mounting
stress of the impending contest. This article suggests an implementation model for developing
this aspect of precompetition mental skills.

et a maximum response to task applications.
POSITIVE SELF-TALK
Weinberg, R. S., Smith, J., Jadk, A., & Gould, D. (1984). Effects of association,

disassociation, and positive stk strategies on endurance performa@anadian Journal of
Applied Sport Science, 25-32.
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Three conditions were contrasted:
1. association (focusing on pain in thedy);
2. disassociation (forget pain by focusing on a different plan); and
3. positive seHltalk throughout the task.

No significant differences on a 38in running task were found. The positive galk group had
greater persistence when performing thel.skil

Implication. Positive seHltalk encourages greater persistence when performing a sustained task.

NEGATIVE SELF -STATEMENTS AND IMAGERY INCREASE BASIC
PHYSIOLOGICAL RESPONSES

Schuele, J. G., & Wisenfeld, A. R. (1983). Autonomic response taisetial thought.Cognitive
Therapy and Research, 789-194.

s (N = 32) with high levels of interpersonal anxiety covertly rehearsed negative evaluation and
neutral seHreferent statements and associated imagery. Cardiac level and respiratory results
indicatedthat negative selétatements were more arousing than neutral ones. The excessive
effect was especially pronounced when the-setfnitions were relevant to an anticipated
interpersonal encounter and less so when no such encounter was anticipated.

The seerity of effect of negative thinking increased as the proximity of the event increased.

Implication. Negative anticipations and expectations for competitions, as revealed through self
statements and reported imagery, are associated with greater, aforéhéess efficient
physiological functioning, than when no negative perceptions are experienced. This excessive
response increases as the impending event approaches.

Every attempt should be taken to teach athletes to be positive in attitudalksealfid imagery

prior to an important competition. If that can be achieved, precompetition metabolism will be
reduced. Negative thoughts and imagery are debilitating and costly in terms of the energy needed
to support them because of excessive physiologeeaitions underlying their occurrence

NEGATIVE AND POSITIVE SELF -TALK AND TENNIS PERFORMANCE
Van Raalte, J. L., Brewer, B. W., Rivera, P. M.Pé&titpas, A. J. (1994). The relationship

between observable se¢Hlk and competitive junior tennis players' match performadoesnal
of Sport and Exercise Psychology, 460-415.
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The effect of seltalk on the performance of 24 junior tennis play@gnean age 15.4 yr) during
tournament matches was examined. It was found that negatistalkeifas associated with
losing and that players who reported believing in the utility of positiveta&lfvon more points
than players who did not.

The resuk suggest that the type of stdfk engaged in by athletes influences competitive
outcomes.

Implication. It is important for athletes to know why and how to engage in positiv¢atielfs
part of their competition conduct.

DELIBERATE POSITIVE THINKING IMPROVES PERFORMANCE

Rushall, B. S., Hall, M., Roux, L., Sasseville, J., & Rushall, A. C. (1988). Effects of three types
of thought content instructions on skiing performarde Sport Psychologist, 283-297.

Canadian National and Olympic Cressuntly Ski Team members (N = 18) were instructed to
plan and use positive sdHlk while performing training loop repetitions at a steady pace. S's
were instructed to concentrate on positive-tdK for the duration of a loop, which ranged

between 70 and 10§&c depending upon the S. On alternate loops, Ss were instructed to use the
type of thinking they normally engaged in performing such a task (“training thinking").

All Ss, save one, improved their times for a loop by an average03, while heart ras

increased by only 1.2%. Ss were not aware of any change in effort between trials. An ANCOVA
showed the performance change was significantly greater than that which could be attributed to
change in effort as revealed by HRs as well as being signifiadifféyent to the training

thinking condition.

This result showed that normal training thought content and patterns are not conducive to the
best quality of training response. Focusing thought content on positive thinking is a way of
improving training pgormances which may be accompanied by a minor increase in work effort
that is below the awareness threshold of athletes.

Implication. Training thought content of national and Olympic standard skiers is not conducive
to the best training response. By eragizing positive thought content during repetitious training
sets, response quality can be improved in a consistent manner. The amount of improvement will
be very noticeable.

POSITIVE THINKING IMPROVES TRAINING PERFORMANCES

Rushall, B. S., & Shewchuk, NL (1989). Effects of thought content instructions on swimming
performanceThe Journal of Sports Medicine and Physical Fithess326,334.
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Six superior Canadian aggoup swimmers were instructed in positive thinking. Personal
thoughts were planned @practiced for a brief time then used in two different training sets. Ss
were instructed to use the positive thinking they had planned on one trial and then alternate it
with the normal thinking they usually used at practice.

Two 400 m effort swims wereompleted. Each was divided into 100 m segments and the two
types of thoughts were alternated in each trial for each segment. The order of alternation was
reversed for the second trial. Four Ss improved, one did not change, and one went fractionally
worsefor an average time improvement-&t39% for positive thinking segments.

The second task comprised eight 100 m repetitions at steady pace. Each repetition was alternated
between a positive thinking trial and a normal thinking trial. All Ss improvedtihess by an
average 0f2.13% over normal thinking when using positive thinking.

Despite the nature of the training task, positive thinking significantly increased the performance
standard of these aggoup swimmers. The type of task may influence tlagmitude and nature
of the positive thinking response for a minor number of swimmers.

Implication. Young serious swimmers can improve their training performances by concentrating
on planned positive thoughts. The procedure to develop positive thoughtdirmeconsuming

nor demanding and appears to be a viable activity for improving the quality of training
responses. It is reasonable to expect similar improvements with young people in other sports

MATURE ROWERS PERFORM BETTER WHEN THINKING POSITIVELY

Rushall, B. S. (1990)An assessment of the effects of psychological support services on college
varsity male rowersResearch report for US Rowing, Indianapolis, IN.

Members of a prominent intercollegiate varsity men's rowing program were instructeelimpde
and use positive sefélk. In a 6 min ergometer test trial, Ss (N = 8) were directed to use normal
testtrial thinking for a one minute interval and the prepared positive thoughts for another
minute. These minutes of thought concentration werenalted throughout the trial.

Seven Ss' times improved in the positive thinking condition by an averayd %o, while one
was marginally worse. Ss were not aware of any performance difference between the two
thought conditions until told by the experiment

Implication. Mature rowers were able to improve serious training performances by
concentrating on prepared positive thoughts. The type of thinking deveigedally” at

practice, does not appear to be conducive to the best quality of trainingsesipstruction

about how to think positively is a simple, easy coaching procedure, and is embraced by mature
varsity rowers

A MENTAL PERFORMANCE ENHANCEMENT PACKAGE AND BASKETBALL
GAME PERFORMANCE
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Kendall, G., Hrycaiko, D., Martin, G. L., & Kendall, T.920). The effects of an imagery
rehearsal, relaxation, and stdfk package on basketball game performadeernal of Sport
and Exercise Psychology, 1157-166.

A package of mental skill interventions (relaxation, imagery rehearsal of competitaieosis,
positive selftalk) was provided four female basketball players. Various measures of imagery
control and quality were administered.

Skills targeted by the intervention package improved in game situations.

Implication. This is a social validation experiment of the value of-t&dk and imagery for
improving competitive performances.

SELF-TALK AND SKILL LEARNING

Anderson, A. T. (1993). The effect of an instructional-si program on learning a motor
skill: The ovehand throwDissertation Abstracts International, 54(Bg.

A threeweek program of instructional variables was used on school childi@yr{8f both
sexes. One group received galk instruction with metaphoric language, another traditional
demongrations with sterile verbal descriptions, and the other demonstrations alone.

ResultsThe selftalk group was superior to the other two forms of instruction. It proved to be
effective and superior for these young children. There was no gender diffefarcseHtalk

group tended to use as smitructions, those instructions and metaphoric examples used in the
teaching situation.

Implication. Selftalk with expressive and metaphoric content is an effective strategy for
teaching young children a phgai skill. Since seHalk instructed young children are likely to

echo the verbal content of what is presented, it is important the instructional language contains
meaningful illustrative language with which they can identify and understand.

SELF-TALK IM PROVES SKILL PERFORMANCE

Ming, S. (1993). A selfalk package for improving figure skating performance by young
competitive figure skaterdlasters Abstracts International, 31(4)929

A self-talk package consisting of training and botk amd office pgractice of key words was
used with compulsory figure skills in pr@vice and novice level figurgkaters. Performance
gains on targeted skills ranged from 7% to 14%, while normal figures remained unchanged.

Coaches recommended the procedure of usingvkegs while only one of the four Ss felt that
the selftalk was responsible for performance improvement.
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Implication. Self-talk contributes to skill performance improvement when content is associated
with specific skill aspects that are meaningful toytbeng athlete. However, athlete impressions
of the value of the procedure are not correlated with performance improvements. Children's
opinions of this procedure’s effectiveness are inaccurate.

COACH'S INFLUENCE ON SELF-CONCEPT

Horn, T. S. (1985). Coaches' feedback and changes in children's perceptions of their physical
competencelournal of Educational Psychology, 71774-186.

Five coaches and female players of junior high school softball were evaluated. A variety of
measuresf game and practice behaviors were analyzed. Three major findings resulted.

1. Players' perceptions of physical and cognitive abilities were related to coaches' evaluative
feedback at practice. Game feedback was not related.
2. Players' perceptions of compate was related to:
o players' attained skill ability; and
o coaches' practieéme evaluative feedback.
3. Punishment was negatively correlated with-pelfception.

Implication. An athlete will eventually come to believe what a coach says about his/her standard
of performance at practice. If a coach does not respond positively then the athlete's self
perception of his/her competency in the sport will eventually be degraded.

POSITIVE EXPERIENCES AND SELF-CONCEPT
Smit, J. F., (1992). The role of the experience of success in sport as determinant to formation of

selfconceptS. A. Journal for Research in Sport, Physical Education and Recreation, 3%(2),
46.

Vrey'sAdolescent Setoncept Scaland a test for determining the perception of success in sport
were administered to 3,246 secondary school boys in South Africa.

The group with a more positive perception of success, regardless of real results or winning in
sport, showed more positive seltoncept than the group with a more negative perception of
sporting achievement.

The perception of success in sport is involved in the formation etsetfept in school boys
regardless of real achievements.

Implication. It is importar for coaches and teachers to be positive with children in physical
activity. Communicating good things about performance factors is more important than the
actual standard of performance achievement.
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COACHES' EXPECTANCIES AND ATHLETES' SELF -PERCEPTIONS

Sinclair, D. A., & Vealey, R. S. (1989). Effects of coaches' expectations and feedback on the
selfperceptions of athlete3ournal of Sport Behavior, 12(2§7-91.

Female fieldhockey players (N = 41) from three Canadian provincial teams were assessad ov
season of competition. Coaches' expectations about athletes' abilities, how those expectations
affected the type of feedback provided, and the effects of those factors on athletes' perceived
competence, selsteem, and setfionfidence were measured.

High expectancy athletes received more specific and evaluative feedback and less prescriptive
feedback than low expectancy athletes.-8elffidence was the only sgderception to change

over the course of the season. Gains inca&ifidence were assated with the amount of
immediate positive feedback provided by coaches.

Expectancy theory, often termed skiffilling prophecy, is concerned with how coaches'
expectations affect their interactions with athletes and in turn how athletes' behaviors are
influenced by the process. In sports a four step model has been proposed (Martinek, 1981).

1 Coaches develop expectations regarding the skill potential of their athletes early in the
year or season.

1 The expectations influence the quantity and quality o€lees interactions with athletes.

1 Differences in feedback which athletes receive influence theipsetieptions,
motivations, and opportunities to learn.

T After a period of time, athletes' performance behaviors may conform to the coaches'
initial expectabns.

This process can be positive, negative, or neutral.

[Martinek, T. (1981). Pygmalion in the gym: A model for the communication of teacher
expectations in physical educatidtesearch Quarterly for Exercise and Sport, 5267.]

Implication. How acoach habitually reacts toward an athlete will affect that athlete's perception
of him/herself. Thus, it is essential that coaches react primarily in a positive manner toward
athletes if those athletes are to continue participating fully in a sport.

POSITIVE VERSUS NEGATIVE THINKING

Taylor, D. E. M. (1979). Human enduranamind or muscleBritish Journal of Sports
Medicine, 12179-184.

Subjects were 5 male officer cadets, age@39Years exposed to a variety of "atmospheres”
while undergoing partically challenging and enduring tasks.
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1. If stress is added to exercise there may be a diminution of performance by a combination
of an inappropriate sympattaarenal response and a central overriding of some of the
normal cardiorespiratory systems.

Implication. Do not add stress in competitionthe disruption has a physiological cost.
Do not change the perception of external pressures or the task once a contest begins.

2. A potentially rewarding situation increased maximum muscle power and thg &bilit
maintain effort (41% increase).

Implication. Self-efficacy is increased if there is a perceived probability of positive
outcomes.

3. A potentially punishing situation increased a psychologstr@ss cardiovascular type
response with an inappropriat®dd pressure increase. A deterioration in awareness and
alertness was observed. These changes were not sensed by standard psychological tests.

Implication. Performance threats during an activity are stressful and reduce performance
potential and the quality of the performance.

If a person believes he/she will not be successful or survive, then a psychologicastedss
induced resulting in an inappgoate cardiovascular response with tachycardia and hypertension
in excess of cardiac output changes stimulated by the exercise. It is caused by too much
adrenaline rather than too little. When a person believes he/she will be successful, no change in
cardovascular response will occur while performance will be improved by increased power and
sustained effort.

If an athlete views a competitive situation as being stressful or negative, then physiological
functioning will be less efficient than when it iewed in a positive light.

POSITIVE THINKING AND SELF -EFFICACY

Bandura, A. (1977). Selfficacy: Toward a unifying theory of behavioral change.
Psychological Review, 8491-215.

Seltefficacy is directly related to positive s¢tfik. Seltefficacy isthe "strength of one's
conviction that he or she can successfully execute a behavior required to produce a certain
outcome."

Implication. An athlete's performance will be modified by his/her feelings of competence or
expectation of personal effectiveneissvill determine the amount of effort a person is willing to
put forth to complete a task.

ACHIEVEMENT MOTIVATIONS
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Halvari, H. (1983). Relationships between motive to achieve success, motive to avoid failure,
physical performance, and sport performainoerestling.Scandinavian Journal of Sports
Science, 564-72.

Norwegian wrestlers, 147 years old, of varying abilities [good for correlations] were tested (N
= 26). Nygard and Gjesmeshievement Motives Scalas used. Statistics determined were
Pearson produemoment correlations andests.

When successful athletes were compared to unsuccessful athletes it was found that:

T Successful athletes have higher levels of motivations to succeed (Ms) and lower levels of
motivations to avoid failure (Mfland

1 Succesoriented (high Ms/low Mf) athletes performed better than faiurented (low
Ms/High Mf) athletes in international competitions, and better than indifferéented
(low Ms/low Mf) athletes in local competitions.

Implication. The greater the amount of positiveness and the less the negativeness in an athlete's
reasons for participating in sport, the better. Sporting success is correlated with high levels of
positiveness and few perceptions of negative features.

PERFORMANCE EXPECTANCY
Belciug, M. P. (1992). Effects of prior expectancy and performance outcome on attributions to

stable factors in higpherformance competitive athleticS. A. Journal for Research in Sport,
Physical Education and Recreation, 14(2-8.

Athletes (\ = 98) attributed causes to the outcome of their participation in two consecutive
athletics contests and rated those causes ddabusal Dimensional Scaland their future
expectancy of success for the second and next competition epant3cale. The sample was
divided into low and highexpectancy groups. Stable factors (e.g., ability) and unstable factors
(e.g., luck/mood) were assessed.

1. Only when pior expectancy was high was confirmation of that expectancy attributed to
stable factors and disconfirmation attributed to variable factors.

2. When prior expectancy was low both confirmation and disconfirmation of that
expectancy was attributed to variafdetors.

3. Correlations between stability scores and future expectancy of success were not
significant.

4. Only marginal support was received for the importance of stability factors being related
to expectancy of success.

Implication. When athletes are sutteeir impending competitive efforts will be successful, a
success reinforces their perceptions of control and knowing what caused it. When a failure
occurs, reasons are not readily identified and so excuses contain variable and vague content.
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However, wherathletes are not confident of performing well, their reasons for both success and
failure will be vague. Thus, it is best to have athletes expect to perform to a standard that is based
on justifiable reasons usually reflected by their training accompéslsn

FEEDBACK AFFECTS SWIMMING PERFORMANCE
Marsden, K., Garske, J. P., & Ogles, B. M. (1994). Effects of feedback, gender, and explanatory

style on mood, and performance in collegiate swimniMeslicine and Science in Sports and
Exercise, 26(5)Supplemat abstract 1114.

Swimmers performed their best event worse after receiving false negative feedback than after
accurate feedback. This occurred independent of sex or pessimism or optimism in the swimmer.

Implication. A coach's reaction to a swim caneadf the next performance. If what the coach

says is contrary to the swimmer's assessment of performance (inaccurate feedback) a subsequent
swim is likely to be worse. Simply put, realistic positive feedback is likely to have the best effect

on swimmers.

GENERALIZATION OF SELF -EFFICACY
Brody, E. B., Hatfield, B. D., & Spalding, T. W. (1988). Generalization ofeféitacy to a

continuum of stressors upon mastery of a frigk sport skill. Journal of Sport and Exercise
Psychology, 1032-44.

Ss (N = 34rollege males) learned the higkk skill of rappelling. Sekefficacy for performing

similar activities (scuba diving, hang gliding, mountain climbing, white water rafting, rock
climbing, downhill skiing, automobile racing, hair ballooning, white watetubing, diving
(swimming), and motor cycle racing) and cognitive (serial number subtraction) and psychomotor
(pursuit rotor) laboratory activities was measured.

Self-efficacy was enhanced toward the rappel activity and the perceived increase waszgédneral
to other highrisk activities (e.g., scuba diving, sky diving, hang gliding, rock climbing, downhill
skiing, mountain climbing, and white water tubing). State anxiety was reduced toward the
rappelling situation. No generalizations occurred towardatiheratory tasks.

Implication. These results support the generalization otaii¢acy to relatively similar
situations.

EFFICACY AND CAUSAL ATTRIBUTIONS

Duncan, T., &McAuley, E. (1987). Efficacy expectations and perceptions of causality in motor
performanceJournal of Sport Psychology, 385393.
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The relationship between sdafficacy and the cognitive appraisal of a competitive situation was
investigated. Subjestwere manipulated into high and low efficacy groups, engaged in a
competitive motor task, and then gave causal attributions for the outcome.

ResultsMales demonstrated significantly higher perceptions of physical ability than females.
There were no difirential attribution patterns for outcome between high and low efficacy
groups, but winners made more stable and controllable attributions than did losers.

Implication. If winners are associated with stable and controllable attributions would it be of
value to establish such a mind set prior to a performance? If individuals were prepared to believe
that their selicontrol in a performance would be stable or predictable and that any occurrence
would be controllable through adequate coping strategies, wueydoerform better and/or more
consistently? The results of other studies suggest that this is highly likely.

SELF-EFFICACY, WORRY, AND GYMNASTIC SUCCESS IN YOUTHS
Weiss, M. R., Wiese, D. M., & Klint, K. A. (1989). Head over heels with success: the

relaionship between sekfficacy and performance in competitive youth gymnasiiesrnal of
Sport and Exercise Psychology, 444-451.

It has been consistently shown that-sdficacy is a strong predictor of performance, however,
the large proportionfaesearch has been conducted with adults. The relationship is also
supported in the few studies conducted with highly competitive children.

Resultsln 22 young male gymnasts the most frequent worries Wafleat my parents will say if
| don't perform wh," "Letting my parents down," "Remembering routines,"” "What my
teammates will say if | don't perform weliid"Letting my coach down[Note the degree of
external control in these statements.]

The least frequent worries wef®laking mistakes," "Immving over my last performance,”
"Equipment being different,” "Performing to my ability levelid"Getting injured.”

The study showed partial support for previous findings that gymnasts who had higher efficacy
expectations were more successful thandivaish lower expectations. Precompetitive anxiety
was not predictive of performance as has been found in other studies. The particular finding of
this study was that correlations between-séfitacy and performance varied depending upon

the specific evemthe vault was lowest € .27), still rings { = .36, parallel bars & .54), floor

(r =.59), pommel horse € .66), and high bar highest<£ .84).

Implication. Self-efficacy plays a role in performance outcomes in youth sports. Its strength of
effect/relationship may be dependent upon the particular activity in question. Those activities
where much control is perceived (e.g., high bar) are likely to be mortezsffhan those where
control is less (e.g., vault).
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EFFICACY IS RELATED TO SWIMMING PERFORMANCE

Miller, M. (1993). Efficacy strength and performance in competitive swimmers of different skill
levels.International Journal of Sport Psychology, 284-296.

Efficacy strength was found to have a highly significant relationship with competitive
performance in all levels of swimmers. When it was high, performance was enhanced; when it
was low, performance was impaired. Neither skill nor motivation had disagn effect upon
performance. It also was found that the size of the difference in efficacy scores between low and
high groups increased as the standard of swimmer increased although the difference in
performance increased.

Implication. Self-efficacy s a factor that needs to be accentuated in higher level swimmers. Its
effect could be a major factor in determining small and difficult to attain improvements.

POSITIVE VERSUS NEGATIVE APPROACH TO PERFORMANCE
Weinberg, R., Gould, D., & Jackson, A. (198Rglationship between sdfficacy and

performance in a competitive settidgpaper presented at the Annual Meeting of the Canadian
Association of Sport Sciences, Vancouver, British Columbia, Canada.

Selt-efficacy is considered to be expectation affenance success. Sdfficacy theory
predicts that differences between expectations and performances are maximized in the face of
obstacles and aversive consequences.

In this investigation it was found that Ss who had highefifacy performed bettehan those
with lower selfefficacy in problematical situations.

Implication. Athletes will perform to higher standards if they can justify their belief that they
will perform well, even when negative and aversive contest situations arise. Aftersfailure
coaches should work with athletes on defining procedures for, and hopefully demonstrating,
performance improvements at training so thats#itacy for the next competitive performance
will be enhanced.

SELF-CONFIDENCE AND PERFORMANCE

Mahoney, M. J.& Avener, M. (1977). Psychology of the elite athlete: An exploratory study.
Cognitive Therapy and Research,185141.

Finalists in the 1976 US Men's Olympic Team gymnastic trials served as Ss. Those who reported
experiencing occasional doubts abowitlabilities tended to do poorly during the qualifying
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meet. Among the 12 finalists, actual performance was moderately correlatesi’j with pre
meet seHconfidence [possibly sekfficacy].

Implication. Predicting, and possibly justifying, that athlete will do well in an impending
competition is one of several major determinants of competition success. Such beliefs should not
be idle, but firmly established in facts and in particular, improved training performances in close
proximity to the compion.

SELF-CONFIDENCE AND SELF-EFFICACY

Rushall Thoughts, 1974.

Self-confidence and belief in the adequacy of preparation for a forthcoming important
competition is affected by, among other things:

=A =4 =4 =

= =4

quality and adequacy of training,
diet,
adequacy ofaper and performance improvements during the taper,
past experiences with competition preparations (the recall of negative events is
debilitating),
the degree and extent of distractions at thecprapetition and competition sites,
perceived task difficty, and
performance goals.
1 PRECOMPETITION NEGATIVE THOUGHT EFFECTS
Dalton, J. E., Maier, R. A., & Posavac, E. J. (1977). Akadfilling prophecy in a
competitive psychomotor taskournal of Research in Personality, #B7-495.

Individuals who believed that the probability of success in performing a task was low,
performed at a significantly lower level than those who perceived they had an advantage
(an increased probability of success).

This gave rise to the phenomenon of teé-&ilfilling prophecy. Whether or not failure

was likely, those who believed they would fail facilitated that outcome, even though
success could have been achieved.

Implication. In the days leading up to an important contest, thoughts should be
controlled and structured. Activities such as fplaying successful aspects of

performance, publicly justifying why one will do well, and positive performance
enhancement imagery should be considered in precompetition strategies.

1 PRECOMPETITION STATEMENTS DEVEL OP ASSERTIVENESS
Schwartz, R., & Gottman, J. (1974 task analysis approach to clinical problems: A
study of assertive behaviddnpublished manuscript, Indiana University, Bloomington,
IN.

In high-assertive Ss there was a marked excess of positivenegative setstatements
and usually little doubt about the appropriateness of actions. In contrastssantive Ss
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had equal positive and negative sgtitements which appeared to compete against each
and thus, interfered with personal behavior.

1 Implication. Examples of purely positive statements are:

T "l will perform my best," "l will set the tempo of the game,” "She had better watch out as
| am ready for this match."

1 Examples of negative or doubting statements that reduce assertiveness are:

T "I hope I can put on a good show against him," "If | could just score some points," "l
pray that | will perform well."

1 Teaching athletes to perform positive/assertive statements and using them frequently in
selftalk prior to competitions would contribute desirable forms of event preparation.

1 EXPECTATIONS/BELIEFS ABOUT PERFORMANCE

T Nelson, L. R., & Furst, M. L. (1972). An objective study of the effects of expectation on

competitive performancdournal of Psychology, 869-72.

1 In armwrestling with 12 pirs both Ss believed the stronger S to be actually weaker. In
10 of the 12 contests, the weaker S won, that is, an expectation factor influenced
performance more than real physical strength. However, when the roles for expectations
were reversed, all ohe stronger Ss who believed they were stronger, won.

1 This study contained some experimental confounding and so its results only suggest that
how one expects to perform has a strong influence on the eventual performance quality.

1 Implication. What an athlee expects of him/herself and a competitor, has a strong
influence on a performance outcome. Expectations for how well one will perform is one
part of the complex of factors underlying sefficacy and its influence on actual
performance

SELF-EFFICACY AND SPORTS PERFORMANCE

Brent S. Rushall, Ph.D., R.Psy.
1988

Seltconfidencas a relatively global and stable personality characteriSattefficacyis a
situationspecific form of selconfidence that involves the appraisal of one's competence to do
whaever needs to be done in a specific situation. It is not concerned with the skill of an
individual but with the judgments of what an individual can do with existing skills. It is specific
to a given time and setting and may fluctuate greatly. For examptailler may be very

confident when rowing a heat at a regatta. However, because of events surrounding other
scullers' performances, feelings of being tired, and several rumors being circulated about the
prowess of another finalist, that sculler may feelkch less confident for the final than for the
heat. Selefficacy can be considered to be a person's perception of his/her abilities to
successfully perform in a particular sporting activity.

Selt-efficacy is a form of selfconfidence that involves theappraisal of what an athlete can
do with existing skills in a specific situation at a given time. It can be altered very quickly
and thus, requires close monitoring by the coach.
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Feelings of high seléfficacy raise the duration and strength of effortvaraive situations while

low feelings lead to lowered efforts even to the point of giving up or not engaging at all in the
threatening situation (Bandura, 1977). This means that when athletes face very difficult sporting
challenges it is necessary for thearhave high seléfficacy to produce a sustained effort. The
strength of an athlete's convictions in his/her own potential effectiveness will affect whether
coping with a given challenge will even be attempted (Bandura & Schunk, 1981; Weinberg et al.,
1981). Seltefficacy influences an individual's effort and persistence in the face of difficult
challenges, potentially aversive situations, and events with high probabilities of failure.

High self-efficacy raises the duration and strength of effort in diffcult and challenging
circumstances. It is one of the principal ingredients that contributes to the ascription of
"when the going gets tough, the tough [athletes with high sedfficacy] get going."

If an athlete believes that he/she will fail due to ability to complete a competitive task or
because of past performances on the same or a closely related task, he/she will likely avoid the
contest or will quit after the first difficult challenge. Sefficacy is lowered markedly if failures
occur at théeginning of the learning process. For continued application to new tasks it is
important to have initial successes in the learning progression.

When a new activity is started, or a new form of competition experienced, it is important
that the athlete appaise him/herself as being successful. Otherwise, with failure self
efficacy will be lowered and the athlete's performance standard at training and in
competitions will be reduced.

During competition preparations if weaknesses or a lack of readiness@ee by an athlete,

one should not expect much of a performance standard from that athlete. Such a situation is not
healthy for developing a positive "attitude” towards competing. When losing or inferior levels of
performance are likely, it is best ttiea the specific goals for a performance to include factors

which are under the athlete's control and can be achieved. For example, rather then trying to win,
an athlete might be "challenged" to execute a particular aspect of technique for the first time,
"practice” a new strategy in the competitive setting, or attempt to follow a particular sequence of
strategy elements. That approach alters the nature of the competitive performance and sets the
reasons for competing to be ones which can be controlledttided.

Performance goals should have a reasonable probability of being attained when
established. Goals which can be attained through the athlete exerting control over all the
relevant factors are usually the best.

The proximity of goals also affects selfficacy. It has been shown that individuals who strive
for goals that are likely to be evaluated within a short time increase theaffsgdicy to a greater
degree than individuals who have goals set for a metand time in the future (Bandura &
Schunk, 1981).

Extended performances should be broken down into a number of segments, each having its
own set of goals. The performance then becomes one of serially completing the segments
and, in turn, trying to achieve the appropriate goals during the performance.
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Self-efficacy is based on four major sources of information; i) performance accomplishments, ii)
vicarious experiences, iii) verbal persuasion, and iv) physiological arousal state.

1. Performanceaccomplishmentare especially influential because they are based on
experiences of personal mastery. Thus, the history of an athlete in performing the tasks
which are required for an impending contest will influence-sii€acy. It is necessary
that indvidual athletes experience considerable success and positive reinforcement prior
to an important event to increase the positive agffraisal of performance competency.
This has particular implications for the type of training that is performed prior to
competitions and the nature of the reaction of the coach and peers to the athlete's
performances during that time.

The coach should make deliberate attempts to engineer positive and successful
experiences for the athlete for at least a week before a sareocompetition.

2. Vicarious experiencesre most influential when they are stimulated by positive self
modeling. For example, a suitable form of development would result from viewing a
"highlights" film of one's own accomplishments and successes. The vieivatigers in
heroic films is often employed to increase wdffcacy. However, that is not as effective
as the selinodeled format.

The best form of visual input that can be used for "psychaip" purposes is a film or
video of an individual's or team's avn successes prior to that occasion.

During competitions the witnessing of teammates' successes can have a positive effect on
the viewer. However, failures have an equal, and in some cases more, detrimental effect
on seltefficacy. Thus, watching other cqmtitors prior to a competitive performance is

risky if positive outcomes are not assured.

Watching others perform in a competition prior to competing runs the risk of the
athlete identifying with errors and failures and, thus, lowering seHefficacy.

3. Vermal persuasioris often attempted through the provision of inspirational talks by
sporting legends and heroes. Rousing speeches by the coach indicating the importance of
an event and what consequences could result from a success are also common attempts to
raise seHefficacy. These activities aim to develop the belief in the listening athletes that
they can cope successfully with what has been difficult for them in the past. Verbal
persuasion will have the greatest impact on those persons who have abilEabasis for
high levels of selefficacy. Perhaps the best form of verbal persuasion would come from
the athlete him/herself. Having each athlete justify in detail why he/she can attain
particular goals for a performance is a good recipe for expldhisdeature to its fullest.

Public selfjustification of why an athlete should perform well is probably a more
effective technique than any pegalk or inspirational speech for increasing sel
efficacy.
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4. The physiological state of arousalimportant forenergizing the level of effort that is
applied to a task. If the aroused state is perceived as being beneficial to the athlete, for
example, when it is part of a "psyebp", it will help the performer. If the level of
arousal is such that it does notreet® be controlled (i.e., the athlete complains about the
bodily sensations caused by the arousal), performance will not be facilitated. Thus,
beneficial selefficacy must be accompanied by controlled arousal (Rushall & Potgieter,
1987).

The "psyche-up" state achieved by an athlete must be controlled and interpreted by
the athlete as being beneficial.

There are times when sdfficacy is not beneficial. Situations where there is not a high

incentive to perform maximally (e.g., when playing a particulasak opponent), there are

social constraints (e.g., "new" rules are applied for a particular contest that do not allow the
athlete to fully exploit his/her skill repertoire), and when there are physical constraints (e.qg.,
playing the role of a specialistibstitute rather than a gassearter) serve to lower performance
levels. SeHefficacy will be unpredictable when a competitive situation is ambiguous, lacking in
information, or contains a high degree of uncertainty (e.g., poor organization). Thisthegans

a sporting situation, se#fficacy becomes important as a performance modifier when the
competitive circumstance is quite well defined and the level of importance of the competition is
quite high (Grace, 1983).

Self-efficacy can be developed, uslly adequately, in controlled predictable conditions.
When a situation is not stable it is best to focus an athlete's performance on factors over
which he/she has control.

Information about efficacy is processed by athletes and will influence the relapdretween

future efficacy assessments and behavior. For example, the strength of the consequences,

whether they be successes or failures, will produce a varied impact. Individuals who place a high
negative valence on failure are likely to be more adiéetfter a failure than those who do not.

Persons who perceive successes as having a high level of reinforcing strength will increase self
efficacy to a greater level than those who treat success with obvious and sincere "humility." The
perceptions of indiduals of what are "successful" performances vary markedly. Before one can
assume that a success is perceived as a success by a particular athlete it is necessary to verify that
perception. It has been shown that coaches and athletes perceive the Stainathtdtic

performance usually in more different than similar ways (Rushall & Fiorini, 1982).

Events affect individuals in different ways. The factors which control seléfficacy vary in
their nature and impact between athletes.

Seltefficacy is usuall described according to three parameters.
1 "Level"refers to the expected standard of performance attainment (e.g., the height that

will be jumped, the time for a particular distance run, the number of tackles that will be
made). When performances ardeliéntiated in terms of their difficulty, it is likely that
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self-efficacy will vary with those levels, the variation being a particularly individual
response for each athlete.

1 "Strength"refers to the strength of the person's belief that performance levels can be
obtained; and

1 "Generality"refers to the number of domains that will be affected by the efficacy (i.e.,
will all skills be performed very well or only specific ones?).

There ae a number of tools that have been developed to measusdfeeli€y. However, in

practical terms, it is highly unlikely that athletes will be able to answer tests just before a contest
to be able to determine an inexact indication ofe#itacy. In seious athletes verbal self

reports are as accurate as any other form of measurement. Thus, it becomes important for
coaches to listen to what athletes are saying before competitions, in-cbangg and in the
warm-up area to determine sdfficacy. Thenature of the verbal content, the balance between
positive and negative predictions, and the enthusiasm shown by the athlete while preparing for
the upcoming contest reveal valid information for assessing an athlete's statetiicaely.

When high levks of selfefficacy are obvious there is no need for a coach to react. However,
when low levels are interpreted, it is time for the coach or attendant sport psychologist to react
with a crisis management technique.

Listening to and analyzing the verbal catent of what an athlete says is perhaps one of the
best methods for assessing the state of sefficacy.

Self-efficacy is a factor which must be considered when attempting to have athletes achieve their
best readiness states for a competition. Its vanatill produce performance inconsistencies.
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MEASURING PRACTICE EFFORT

This fifth issue ofCoaching Science Abstracteviews articles concerned with measuring
training effectiveness.

There is a strong trend today to assess the impact of training. Three common indexes, lactate
accumulations, heart rates, and perceived exertion, are gensedlyvithout question. For

sports that are aerobically oriented, anaerobic threshold is used as the criterion for training
benefits. However, these measures may not be as valid or reliable as is often assumed.

The main question that should be asked byazlt@r athlete when requested to complete a
measurement or test is, how relevant is it for measuring what occurs in the sport?

A discussion about the utility of a measure could contatumfinitum The principal concern of

any coach or athlete should that if something is measured, what extra information does it add
to the perceptions of the coach and athdetéhat better coaching decisions can be made

Testing for testingsake, does not serve a worthwhile purpose. Unless a measurement about an
aspecbf an athlete's performance can be related to the total performance, it may not be very
useful. In the complexity that is an athlete, a single factor has to be considered in light of its
interaction with the myriad of other factors that govern performdhteat is not done, then the
considerations used to make coaching decisions may not be sound because they would be too
limited.

Measuring practice effoiis intended to provide glimpses of what is said about frequently used
measures of the training resyse.
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LACTIC ACID

Rushall, B. S. (1967 he scientific bases of circulorespiratory trainirignpublished master's
thesis, Indiana University, Bloomington, Indiana.

Lactic acid is removed from the blood and muscles and returned to normal usually within one
hour. Active recovery usually accelerates the clearance process.

The usual reason for soreness and stiffness in the body after strenuous exercise is not a “pooling
and retention of lactic acid.” Rather, it stems from muscle cell damage caused by the intensity of
the performance, a level of intensity that previously has not been experienced, or a modification
of style that causes muscle fibers to be used and loadadunfamiliar manner.

LACTATES

Jacobs, I. (1983). Blood lactate and the evaluation of endurance fBRGRTS, W2, 6 pp.

A German study (Hollman, Rost, Liesen, Dufaux, Hechyi&der, 1981) showed that endurance
training at a running speed which elicited a blood lactic acid concentration of 4 mM caused a
greater improvement in endurance performance than did training at a higher intensity which
elicited 79 mM. This finding doesot support the old axiom that the "harder" one trains, the
greater will be the improvement. There are numerous studies which suggest that exercise
corresponding to a 4 mM level of lactic acid accumulation, or close to it, is optimal in terms of
the stimuls for aerobic adaptation in the muscle cell, and that this intensity reflects the highest
exercise intensity at which most of the energy for muscular contraction is still derived from
aerobic metabolism.

The measurement of heart rate during submaxineicese is a popular means of estimating

VO2max However, such estimates have been reported to result in erroneous evaluations,
sometimes overor underestimating V@naxby as much as 15 to 20 percent, a value that is

greater than can usually be expecteresult from training. Thus, because of this inaccuracy
heartratebased estimates of \@axare of little value to a coach.

Reference:Hollman, W., Rost, R., Liesen, H., Dufaux, B., Heck, H., & Mader, A. (1981).
Assessment of different forms of physieativity with respect to preventive and rehabilitative
cardiology.International Sports Medicine, B,/-80.

LACTATE TESTING AND USES IN SWIMMING
Troup, J. P. (Ed.). (1990). Selection of effective training categoridstdmational Center for

Aquatic Reearch annual: Studies by the International Center for Aquatic ResearckFOD989
Colorado Springs, CO: United States Swimming Press.
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Lactate testing is a good indicator of how one responds to an overload but is not good for
prescribing training paceseagfic to work categories. This is because lactate removal rates vary
between athletes and do not depend on training intensities. Lactate values must be used with
caution and testing should be limited to simply describing how muscles adapt to different
workloads and whether an overall training adaptation is taking place.

Lactate accumulation appears to be duration dependent because some longer races (200 and 400
m) produce more lactate. The need for a strong buffer capacity is highest for the 200 m event.
This suggests that lactate tolerance training is very important for that distance.

VALUE OF LACTATES IN ROWING

Roth, W. (1991). Physiologicéiomechanical aspects of the load development and force
implementation in rowing=ISA Coach, 2(4)1-9.

"Lactic acid concentration measured after a race [performance] gives no information about
when it appeared in the race [performance]."

Thus, knowing the lactate level tells you nothing about how it was formed in a performance.
LACTATE MEASUREMENT RELIABILITY
Nishibata, I., Sakata, N., Ogawa, S., & Okumura, M. (1993). Better reproducibility of 2 and 4

mM blood lactate threshold than inflection poifdgedicine and Science in Sports and Exercise,
25(5),Supplement abstract 363.

The reproducibility of blood letate threshold measured on an electrically braked ergometer was
evaluated. Lactate threshold was determined as the workload of first inflection point, second
inflection point. Measurements at 2 mM and 4 mM levels were also taken.

It was found that workapabilities at 2 and 4 mM thresholds were better indices for evaluating
training effects than the location of lactate inflection points.

Implication. It is better to determine exercise training responses by performance at particular
levels of LA concentri#zon than to describe the characteristics of the two inflection points of

blood lactate concentrations. However, the practicality of controlling LA levels in field situations

is very low. On the other hand, an athlete's perceptions of effort levels texdasteatigue make

this orientation more reasonable. It is the athlete that can sense the internal state and so perceived
exertion is justified partly by this finding.
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This study does show that inflection points are not as precise measures of tré@utsgasfare
standard work task performance changes.

LACTATES AND ENDURANCE PERFORMANCE

Rusko, H. (1986). Analysis of physiological response to training and competition among Finnish
endurance athleteathletic Performance Review, 1(1Q)2. (Abstract)

Terminal lactates were taken on Finnish crossntry skiers at the end of championship events
(males 15 km and females 5 km). The following were found for the males:

T High finish lactates were found in athletes who were fast at thevaglimnark andhen
slowed.

T Lower lactates were recorded in athletes who performed more evenly.

1 There was no difference in performance between the groups even though there was
considerable variation in lactate measures between them.

The following were found for the fertess:

T Those with high finish lactates started fast, slowed and finished in poorer placings than
the low lactate group.
1 The low lactate group finished with better placings.

Implications. There is little value in postce lactates for they do not relateatsolute race
placings. They do seem to be slightly related to the fast sidw home, type of race pacing.
Even pacing of effort is crucial for cressuntry skiing.

LACTATES AND COMPETITIVE PERFORMANCES
Bonifazi, M., Martelli, G., Marugo, L., Sardal F., & Carli, G. (1993). Blood lactate

accumulation in top level swimmers following competitidhe Journal of Sports Medicine and
Physical Fitness, 33,3-18.

This study involved extensive testing of swimmers at four 25 m Italian Championship and
"European Cup" meets. Lactates were taken 5 min after event completion [Harrison et al. (1992)
say it should be 1 minute aftesee reference this issue@baching Science Abstratts

Relationships also were determined for crawl stroke events between:

1  Two 400 m repetitions at constant speeds separated by a 20 min rest period, at 85% and
100% of maximum speed. The speed equivalent to 4 mM was interpolated between the
measures and deemed to be the criterion of aerobic capacity (V4).

1 Best time in crawlstrokeaces.
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The day after competitions, two submaximal trials were conducted in a previously performed
event. Those two values were joined in a-Velocity graph and extrapolated to the La obtained
after the previous race to reveal an estimated velocity.rélaionship was determined.

The statistical analyses consisted of many ANOVA and Studests for comparisons and

many individual correlations to determine the significance of relationships. These procedures
raise the specter of inflated alpha levadle to the increased probability of obtaining findings
purely through chance because of the many opportunities provided.

1. In 5 of 13 events males recorded significantly higher La values than females. There were
more events where there was no difference than difference.

2. When V4 was related to crawl stroke events, it was related to only 400 and 800 m events
in females, and 2Q@100, and 1500 m events in males. This supports the assumption that
V4 primarily is an aerobic test for it relates to those events that are very markedly
aerobic.

3. When La measures were compared between events, in both sexes the following
differences wersignificant:

o 50 FR with 200 FR and 800/1500 FR;

o 100 FR with 800/1500 FR;

o 400 FR with 800/1500 FR; and

o 800/1500 FR with all BR, BK, FL, and IM events.

A variety of other sex dependent differences were revealed but did not seem to "make
sense" from an hyplesized energy demand by event interpretation.

4. When all data were pooled, the modal value and the range of all values was less for
women than for men. This suggests that women respond differently to men, particularly
in terms of magnitude, in La in swining.

5. When the two postvent, submaximal swims were performed and the La-tfr&"
extrapolated to the velocity corresponding to race La, the relationship between each
expressed as (m/s)3 was .98 (Pearson Product Moment), an extremely high value.

Noteworthy Statements

The observed La levels were less than those reported for running events of a similar duration.
This is because, in swimming:

there is a smaller active muscle mass;

a lower maximal oxygen uptake;

an increased muscle blood flow thg work; and
a different body position.

=A =4 -4 A

The lower levels are in agreement with Howat and Robson (1882 reference this issue of
Coaching Science Abstragtsf La values are lower for swimming than running, one has to
question why the 4 mM, a runmgrvalue, was selected for comparison with swimming speeds? It
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would seem that it would be better to use 3 mM for women and 3.5 mM for men as determined
by Howat and Robson for tHeriterion of aerobic capacity”.

The mechanisms for women usually recordmger La values than men are as follows:

they have an inborn "glycogen sparing" metabolic profile (they use fats more efficiently);
there is less pronounced glycolytic activity in skeletal muscle,

they have a higher capacity for lactate oxidation, and

they have a smaller active muscle mass.

=A =4 =4 =4

However, despite those differences the majority of events displayed no significant difference
between the La values recorded by the groups according to sex.

Several references that were cited were particulargcgee and did not reveal others which
contradict those chosen to serve as the basic premises for arguments used to derive conclusions.

Implications

1. The few and often inconsistent differences between events, sex groups, and submaximal
performances suggethat La is not a particularly valuable index of swimming work. The
authors conclude that the only notable finding of the study was the high relationship
between the postvent submaximal swims and the extrapolated event speed. It would be
interesting tadetermine such a relationship if the submaximal performances were
conducted prior to competitions rather than after.

2. Lavalues in competitions are not particularly sensitive to the demands of events. In
general, 800 and 1500 m events differ to the mgjofibther events in terms of the level
of La demonstrated 5 min after the completion of races.

3. One should be wary of placing much emphasis on La recordings associated with
swimming training or competitive performances.

USING LACTATES IN THE REAL WORLD

Rushall Thoughts, 1993.

There is nothing wrong with lactates and heart rates in very controlled laboratory settings. The
problem with HR/lactate measures is how they are used by coaches. When measurement error is
high because of the lack of control ivhewims are done and the organic factors that precede

the test swims are not controlled, errors are large. If a coach takes a measure that seems worse
and makes a coaching decision purely assuming the "worseness" is caused by training then a
swimmer will ke programmed incorrectly. These measures are influenced by too many "field"
variables when used in the field and thus, their reliability is reduced. Since error is increased,
they then become less sensitive to true training effects particularly whendraffects are

small as they are when higher levels of the trained state are attained.
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One of the responders to the Rushall and King articles (1994) pointed out that when coaches take
times they are particularly unreliable and therefore should not haveused for the analysis
that was done. That in itself is testimony that such tests should not be conducted by coaches.

A training program's content should not be based on a single dubious measure of physiology.
References.
1. Rushall, B. S., & King, H. A(1994). The value of physiological testing with an elite
group of swimmersThe Australian Journal of Science and Medicine in Sport, 26 (1/2),
14-21.
2. Rushall, B. S., & King, H. A. (1994). Letter to the edifbne Australian Journal of
Science and Mediee in Sport, 2677.
CAUTIONS ABOUT THE USE OF BLOOD LACTATES

Anderson, G. S., & Rhodes, E. C. (1991). Relationship between blood lactate and exciess CO
elite cyclists.Journal of Sports Sciences,19,3181.

It has been recognized that the OBtérrelated highly with break points in ventilation (VE),
carbon dioxide excretion (VCL), and the respiratory exchange ratio. OBLA is suggested as
being the point where metabolism shifts to anaerobic energy use. These transition points were
postulated asding noninvasive indices that could be used to predict the LT/OBLA/ANTh.

The excess C&xhreshold correlated highly € .95) with lactate threshold. However, the excess
CO2 threshold did not represent the lactate threshold because it preceded th&.BTrry. The
VE/VO2 threshold was correlated with LT £ .91) as has been known in the past.

The authors warri'Studies which have used blood lactate as their criterion measure must be
interpreted with caution. Recent studies have suggested that bliatelanay not reflect
intracellular lactate production or concentration. Although VEAADd blood lactate have been
found to break away at similar points, these similarities may in no way reflect the accumulation
of intracellular lactate."(p. 178)

It is suggested that excess £dffuses across the muscle membrane more readily than the
lactate molecule which would be reoxidized inside the cell or more slowly released.

In these elite cyclists (Canadian National Team trialists) the mean absolute OBeAwasu

3.35 (+.83) mM, occurring over a 1.72 to 5.3 mM range. These results suggest that individual
differences must be recognized and that individual determination of the lactate threshold at a set
value of 2 to 4 mM is not possible, being subject tgdaarror factors. Thus, if a turnpoint is to

be estimated between two points in field tests, it could be quite erroneous. The wide range of
threshold values suggests that the OBLA is highly dependent upon the individual and the setting
of predetermined tleshold values would not allow for interdividual variation.
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Implications.

1 OBLA levels vary greatly between individuals and should only be interpreted on an intra
individual basis, and
1 noninvasive estimates of OBLA are particularly suspect.
1 FURTHER SKEPTICISM ABOUT LACTATES
1 Koutedakis, Y. (1995). Seasonal variation in fithess parameters in competitive athletes.
Sports Medicine, 1873-392.

T Maximal lactate measurements have been introduced on the justification that during
exercise to exhaustiothe majority of energy supply is provided by anaerobic glycolysis.
Increases in blood lactate are assumed, inter alia, to represent the capability of muscle to
operate in a highly acidic medium. However, maximal lactate measurements give no
information onlactate turnover, which may be higher in better trained individuals, hence
limiting their utility as a fithess monitoring tool in sporting environments. Research
includes varied results and because of the lack of control of possible causal variables in
spat settings, a true understanding of why lactates do not change in some individuals and
studies but do in others. This variable is probably best left to use in controlled research
laboratories

THE LACTATE DEBATE

Rushall, B. S. (1991). The lactate debad@e more timeJournal of the Australian Swim
Coaches' Association, 8(3;12.

During the 1991 Annual ASCA Conference much debate was devoted to lactate testing in
swimming. Dr. Alan Roberts accurately described the status of knowledge about lactate
measurement procedures although that might have been lost in the "hysteria” generated by
persons vitally involved in this matter. He correctly pointed out that there are a variety of
methods for measuring and interpreting lactate recordings. That scieatists agree on one
best method and interpretation should indicate something to the cd&EWARE!

To those of us who traveled from afar to participate in the Conference this program event, its
focus, and what was claimed were observed with both digappent and amazement.

There is an extensive body of knowledge concerning lactate testing in many sports and much
practical assessment of its value. It has been considered and placed in perspective in relation to
all other factors that affect elite attdgterformance. It is worthwhile to consider what is known

and being done with lactate measures in sport so that Australian swimming will not follow a
dubious path of decision making.

Who Do You Listen To?
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Lactate testing is not a new procedure. It is a research variable that "has run its course" in
academe. It does yield some information that is important for understanding performance. It is
still used in sport physiology research but seems to be losingffavuse in applied settings.
Australia is not the repository of "new" evidence or insights into its value in sports. Australian
swimming should heed what is known werldde. There is a generally accepted knowledge
concerning the lactatgerformance fationship. Those understandings and verified uses are far
different to what is promoted in Australian swimming.

If what is being done is actually wrong (a substantial case could be made to support this) then
Australian swimmers are being placed at adlisatage in relation to the rest of the world.

What Do Lactate Measures Show?

Lactates are a partial measure of the amount of anaerobic work that is performed in a task. In
sports where localized fatigue is prevalent, it is higher in some parts ofde¢ham in others.
When measures are taken in lefatigue activities such as swimming, those measures are
dubious.

Lactate measures are affected by many factors. Some of the more significant modifiers are: i)
diet; ii) state of longor shortterm fatigie; iii) movement efficiency or inefficiency; iv) mental
state; v) task perceptions; and vi) environmental modifying factors (e.g., altitude, water
temperature).

The existence of these modifying factors will decrease the value of the information that is
generated by lactate measures. For accuracy, the control of these factors is very important and is
one of the reasons why lactate measures remain popular in research laboratories (where

influential variables can be controlled). However, a lack of contabks one of the reasons why

they are receiving less emphasis in sport settings. Lactate measures are of greater use to scientists
than coaches.

In the best sporting circumstances, lactate measures are relatively gross measures of
performance. They may Isensitive enough to measure obvious improvements in early exercise
adaptation states but are not sensitive for assessing the subtle changes which occur as the
"athletic state" is nearing its maximum value. It is only appropriate to use lactates to measure
performance capability changes in the early stages of exercise adaptation ("change" training).
The fitter an athlete becomes, the less valuable are lactate measures for assessing trained states.

What Lactates Do Not Show

1. Lactate measures do not refledtether one or more performances evidence a desirable
trained state (too many factors distort the picture).

2. They are not of sufficient sensitivity to be used as a measure of highly trained states,
maintenance training, and in particular for Australiaageting responses.

3. They do not reflect a significant portion of a swimmer's response. In the past, estimates of
the ratio of aerobic to anaerobic work in swimming events have been significantly in
error. There is even more aerobic work in all swimmingsaban has previously been
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thought. This means that measures of anaerobic work are less important in the global
energy picture for swimming. However, anaerobic work is still an important aspect of
swimming particularly when the difference between winmangpsing can be minutely
small.

4. Lactate measures do not provide sufficient evidence to make an alteration in an athlete's
training program when they are the sole index used.

5. Lactates cannot and should not be used to predict a swimmer's response .nthay co
such a small portion of an athlete's total response that attempts to predict or diagnose
performance from its values would introduce more error than accuracy into any decision.

6. A lactate measure after a performance gives no information about wias it
accumulated in the performance. Thus, knowing the lactate level yields nothing about
how it was formed.

7. "A swimmer's ability to produce high lactate values tells little about his or her anaerobic
capacity or rate of anaerobic energy ugé&toup, 1991p. 14).

8. Roth (1991), when discussing lactate testing in rowing, conclilgetdic acid
concentration measured after a race [performance] gives no information about when it
appeared in the race [performance]lhus, knowing a lactate level tells you nath
about how it was formed in a performance.

What Is the Use of Lactate Measures in Sport?

1. Itis of interest to sport scientists as one portion of work assessment. It is usually used in
concert with other measures of performance response in scierdific w

2. In sport practice, it is a periodic measure of early stages of the stress adaptation response.

3. Where investments have been made in personnel and equipment and the continued use of
such resources has to be justified, it can be touted as a "belleweatrasure of an
altered state of training in an athlete, that is, when measures change when compared to
previous ones on a standard controlled task, it indicates "something" is different. That
difference is not necessarily due to the fitness of thetathle

4. Frequent lactate testing is of little value. Once per 14 days seems to be an acceptable
interval between assessments.

5. In practical situations, it could be one of a variety of objective measures which assess the
dimensions of an athlete's trained stakill efficiency, and mental control.

6. Troup (1990) asserted that lactate testing is a good indicator of how one responds to an
overload but is not good for prescribing training paces specific to work categories. That is
because lactate removal ratesyMaetween athletes and do not depend on training
intensities. Lactate values must be used with caution and testing should be limited to
simply describing how muscles adapt to different workloads and whether an overall
training adaptation is taking place.

Lactate accumulation is duration dependent because some longer swimming races (200 and 400
m) produce more lactate than shorter ones. The need for a strong buffer capacity is highest for
200 m events. This suggests that lactate tolerance training.JAdVery important for that

distance.
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What Does One Do if Significant Investments Have Been Made in Equipment and
Personnel for Lactate Testing?

1. Do what other nations have done; i) quietly reduce testing, and ii) only use results in
concert with other meases of performance factors.

2. Embark on a more comprehensive program of ongoing performer analysis that will yield
valid and reliable information that has predictive or diagnostic value.

How Then Can One Tell if Swimmers Are Improving?

1. Measurement is thenly answer.

2. The best and most valid measure is swimming performance itself. If swimmers are
swimming faster they are improving.

3. How can one tell if swimmers are improving when they are tired? Unfortunately there are
no measures that will tell if an a¢hé is improving when he/she is fatigued. The
procedure of deliberately and continually fatiguing athletes is anfedate philosophy
that is not substantiated by contemporary sport science knowledge or successful athlete
training practices (see Bomp&8b6, and Rushall & Pyke, 1990).

A Concern

The principal concern of this writer is that Australian swimming has employed a simple test that
is of limited value for making coaching decisions, particularly with regard to training and
tapering stimuli. It isised in a manner that should result in more erroneous than sound decisions.

There are better and more comprehensive measures of performance. Some examples are listed
below.

1. Energy economy for varying standards of swimming speed (Troup, 1990). As fitness
and/or technique improves the graphed relationship curve shifts to the right.

2. Perceived exertion for varying standards of swimming speed and for a set task. The
exertion estimate is graphed against the speeds and should shift to the right as training
improves due to either or both fithess and technique factors.

3. Subjective stress symptoms indicate the capacity to train and have been used successfully
in a number of sports including swimming (Rushall, 1990).

4. Stroking efficiency is field tested by countitige number of strokes to cover a certain
distance in a set time or plotted against time for a given distance. As technique improves
the graphed curve should shift to the right.

5. Any gross physiological measure such as recovery heart rate for the 18etcopd
interval upon completion of a task; the summation of 10 second heart rate counts for the
10-20, 4050, and 7680 second intervals after a task; and summed respiration rates
between the 120 and 4660 second intervals after a set task; all graplgaihat
performance time for the selected task.

These measures are not new. They are alternative variables that are supposed to reflect the
training and technique development response. With improvement there should be a movement in
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a standard plot curve dnwith degradation the curve should recede. The consideration of several
of these measures will serve to cresdidate each interpretation. They are as meaningful as
lactate measures however, they are not couched in the "dazzle" that surrounds theegpobdcedu
drawing blood and using a higlch piece of equipment. Multiple measures can be used to direct
the content of swimming training programs more constructively and inclusively. They should be
employed instead of or at least in concert with lactatentgst

Are Lactates Useful?

Despite what has been stated above, lactate measures have some use. In the last 10 years they
have been used to assess the degree of recovery from training stress. For example, a swimmer is
set the task of completing eight 26@ter repetitions while holding 800 m race pace on a 1:2
work:recovery ratio. If the swimmer's performance deteriorates after the sixth repetition, then a
lactate measure is taken to indicate if recovery is being adequately promoted in the set. If the
readngs are still high, then further rest between repetitions is warranted and the set is modified
accordingly for the remaining repetitions so that performance quality is maintained.

The above example demonstrates a difference in lactate use philosophgli®ysAmerican,

and Canadian coaches use lactate measures to indicate how hard swimmers have worked. On the
other hand, progressive European coaches use the measures to indicate whether the swimmers
have recovered sufficiently between repetitions to taairthe integrity of performance quality

in the training set. The European "recovery" approach produces more quality training in athletes
than does the Australian "work™ orientation. The latter produces more maladaptive work and
excessive fatigue thanmecessary in the sporting experience.

The lesson from the above comparison is that lactate measures are better used to indicate if
sufficient recovery has occurred after performance decrements or fatigue have been evidenced as
opposed to assessing work.

So What Does An Australian Swimming Coach Do?

There are a number of options for coaches to proceed with testing that will provide them with
information about a swimmers' training.

1. Set up a series of alternate testing methods that will complement each oth

2. The testing series should involve analyses of physiological, biomechanical, and
psychological states.

3. Allow coaches to test the use of these various measures.

4. Allow coaches to select those tests that best assist them in their coaching decisions.

5. Verify the selection of testing methods and/or coach use by assessing the successes and
failures of swimmers to perform their best on particular designated occasions. Do not be
fooled by only considering successes (which might have occurred despite the
measwement methods and coaching).

It is hoped this paper clarifies some of the confusion and misconceptions that surround the
lactate testing of swimmers.
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AN ENERGY METABOLISM DIFFERENCE IN WOMEN
Esbjornsson, M., Bodin, K., & Jansson, E. (1995). Muscle metabolism during a@Bint test

(Wingate Test) in females and mall&tedicine and Science in Sports and Exercise, 27(5),
Supplement abstract 448.

Whether the glycogenolytiate and alactic ATP turnover rate could explain the sex difference in
anaerobic performance, expressed as total power output related to body weight (Wingate Test),
was determined. It was found that:

1 the glycogenolytic rate in the type Il fibers was iofisar magnitude in males and
females,

T the glycogenolytic rate in the type | fibers was lower in females than males, and

1 there was no sex difference for the alactic ATP turnover rate during sprint tests.

The glycogenolytic rate but not the alactic ATP turnover rate may be one factor explaining the
lower total power output in females when compared to males.

Implication. This is one feature that accounts for the energy supply and subsequent anaerobic
performance difference between females and males. They have a capacity to use ATP that is
similar to males, but when glycolytic activity is required, their function is diminished. The
interpretation of lactate measures will need to be different to that userforGenerally,

women will record lower lactate levels for features such as anaerobic threshold. When females
are expected to do "anaerobic" training, a greater proportion of their response will be aerobic,
rather than anaerobic, when compared to the rsgpof males.

RELATIONSHIP BETWEEN HEART RATE AND LACTIC ACID
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Howat, R. C., & Robson, M. W. (June, 1992). Heartache or heartlireakSwimming Times,
35-37.

The accuracy and precision of a swimmer's estimate of heart rate was determined.

The energy ratabolism needed for any workload, and not the workload itself, is the deciding
factor for heart rate adjustment as well as for the threshold for prolonged work. The smaller the
muscle mass used to accomplish a given workload, the steeper the rise iateeart! the

sooner the work will be interrupted by fatigue.

If the time required for oxygen intake, ventilation, and heart rate to return to resting values is
measured after work of a steashate nature, all variables will reach resting values ataime s

time. After exhausting work, the reaction is different. Heart rate remains elevated anywhere from
five to ten times longer than the other factors. This is caused by the need for glycogen reserves to
be restored. To accomplish that muscle metabolisnt reagin elevated because ATP is

required to synthesize glycogen from glucose. This activity is aerobic in nature. Elevated heart
rates after exercise support the mechanisms to replenish supplies of glycogen.

"The measurement of the heart rate pattereradixercise is useful in determining whether, and
by how much, the endurance [aerobic] performance capacities have been overldpdad)”

Women must transport the same amount of oxygen to the working muscles with an average of
1.5 gm less hemoglobin p200 ml of blood. This is equivalent toa206 capacity. In women, the
average heart volume is smaller, so the lesser volume has to be compensated by a higher heart
rate.

Study

Swimmers were instructed to perform aerobic swims at threshold. They wetdetasiount their
heart rates after a particular swim. One minute after completion of the exercise a whole blood
lactic acid analysis was conducted at poolside. Swimmers were divided in seniors and age
groupers.

"Some extremely disturbing aspects of ndriraaning became apparent. Irrespective of the
expected wide variations of swimmers' estimates of their heart rates, the percentage whose
bodies are gaining any benefit from training is at the most 33 per cent. This is similar to, and
with age group swimars greater than, the degree to which they are inadvertently overtraining.
A similar proportion of time can be spent undetining.” (p. 37)

"Whole blood lactate levels of around 3 mM equates to the anaerobic threshold for females (3.5
mM for males). . . it is critical that, at threshold, pulse rate determined training is at least 10
beats per minute less than in males, if the same training effect is desired. Failure to recognize
this important fact could result in major degrees of overtraining, esipeaisage group
swimmers.'(p. 37)
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Using heart rates, such as those typically published to suggest a range within which a particular
type of training effect will be achieved, to estimate work will roughly undertrain 33%, stimulate
33%, and overtrain 33%f swimmers in a squad for the purpose of achieving the same training
effect.

When swimmers were instructed to train keeping their heart rates within a normal range for
aerobic work prescription, the responses within the squad were anything but whatewdsd.

A uniform training intensity based on usual heart rate estimates for aerobic stimulation does not
result in a uniform training response, in fact, all manners of adaptation result within a squad. The
following table shows that the variety of respes are similar for aggroup and senior

swimmers.

Seniors Percentage 8.3 33.3 33.3 25

Training nil no increase increase decrease

effect aerobically aerobically
Age Percentage 4.1 25 33.3 37.5

Training nil no increase increase decrease

effect aerobically aerobically
Lactate levels (mM) <15 15 - 24 25 - 34 >35

Implication. Using absolute heart rates as an estimate of training intensity across a squad will
train, undertrain, and overtrain swimmers in roughly similar propust that is, only one in

three will respond as intended. If different rates are not used for women, they will be grossly
overtrained because a given heart rate needs to be less than males to have an "equivalent"”
intensity. Using heart rate "norms" to pceibe work intensities in swimming is more erroneous
than accurate for achieving particular types of physiological response.

HEART RATE AND LACTATE CONCENTRATIONS IN CROSS COUNTRY SKIERS
Gibbons, T. P., & Watts, P. B. (1993). Heart rate and blood lamtatentration during eenow

training in college cross country skiekéedicine and Science in Sports and Exercise, 25(5),
Abstract 734.

Heart rate (HR) and blood lactate concentrations (BLC) are used to monitor training intensities in
cross country skrs. It is assumed that HBLC relationships derived in the laboratory will hold

for various training intensities in the field. Expert skiers (M =5, F = 3) were laboratory tested to
determine training intensities I, II, 1ll, and IV. Using freestyle teghes, overdistance training
(Levels I and Il) and interval training (Levels Il and IV) were performed with HR and BLC

being monitored frequently throughout the training sessions.

1. HR was similar for both Levels | and Il training, and did not vary sigaifily during any
of the four training experiences (it was consistent during each session).
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2. Level IV training reflected both HR and BLC that were measured in a race.

3. There was little difference between HR for Levels Ill and IV (173 vs 179) but large
differences in BLC (3.86 vs 11.14 m/mol). This suggested little relationship between HR
and BLC in interval work at training.

4. During interval training, although HR may remain stable during the session, BLC can
vary considerably.

Implication. There is little relationship between HR and BLC during interval training.
HEART RATE NOT A GOOD VO 2mAX INDICATOR
Emmett, J. D., & McClung, J. A. (1993). Heart rate as an indicator of oxygen uptake & cardiac

function during two swimming modebledicineand Science in Sports and Exercise, 25(5),
Supplement abstract 634.

Freestyle and tethered swimming measures were taken. Heart rate was not a good discriminator
of aerobic properties between the two different forms of activity. HR is not a good inaitator
swimming performance in different forms of swimming.

HEART RATE VARIATION AND PERFORMANCE PARAMETERS

Richardson, R. S., Verestraete, D., Hochstein, A., Schultz, W., Johnson, S. C., Luetkemeser, M.
J., & StrayGundersen, J. (1993). The role of hypeevoic and stroke volume in the heart rate

and oxygen relationship following intense trainiMgdicine and Science in Sports and Exercise,
25(5),Supplement abstract 582.

The effect of acute exercise training on HR, oxygen consumption)(\¢@rdiac outpt (CO),
stroke volume (SV), plasma volume (PV), and running speed was studied in 14 male competitive
runners. Two days of intense training {28% V(max) followed baseline determinations.

HRmaxwas significantly reduced following the intense training31o 179 bpm). Both CO and
VO2 were unaffected. PV increased by an average 6%. SV increased by an average of 4%. CO
was maintained by SV.

Implication. The relationship between HR and ¥{3 affected by training intensity. These
changes in trained athlstenay be the result of a secondary PV expansion produced by intense
effort which raises SV and decreases HR.

HEART RATES AND BREATHING

Srouffe, L. A. (1971). Effects of depth and rate of breathing on heart rate and heart rate
variability. Psychophysiology8, 648-655.
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1. Faster breathing produced a more stable heart rate.

2. Deeper breathing produced a faster but more variable rate, while shallow breathing had
the opposite effects.

3. Subjects were able to be trained to use respiration to control heart rate.

Implication. It is possible to exert some control over heart rate. Deep breathing at the end of

physical work could interfere with truly representative heart rates. The factors listed above are

just some of the variables that decrease the reliabilityant ngtes as indices of work levels.
HEART RATE VARIABILITY

Sayers, B. McA. (1973). Analysis of heart rate variabiliggonomics, 1617-32.

Several factors produce inconsistent heart beat cycles.

1. Under resting conditions, the cardiac interbeat signal fluctuates probably because of
thermal and blood pressure control systems.

2. Respiration also causes cycle fluctuations.

3. Thermal and blood pressure controls as well as respiration account36#4/ 6fthe
variation.

4. In mental work, it is the change in respiratory pattern and not rate, that causes the HR
characteristics.

5. HR is not a valuable parameter for exploring the workload response in a normal
individual.

A respiratory pattern is the duratiorepth, and detailed shape of the intrapleural pressure wave
form. Such a spectrum is revealed over &80 sec period.

HR may be more stable at higher rates.
PROBLEMS WITH HEART RATES AND SWIMMING

Ueda, T., & Kurokawa, T. (1995). Relationships betweangreed exertion and physiological
variables during swimmindnternational Journal of Sports Medicine, 1385-389.

"HR during swimming has some practical drawbacks that should be taken into consideration.
For example, HR in water is 10 to 20 beats/tower than in air . . . and is easily influenced by
water temperature . . . Measuring HR by palpitate method is impractical. The palpitate method is
also known to be rather inaccurate at HR over 130 beats/(pir885).
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RUNNING AND SWIMMING HEART RATES

DiCarlo, L. J., Sparling, P. B., Millar8tafford, M. L., & Rupp, J. C. (1991). Peak heart rates
during maximal running and swimming: implications for exercise prescrigtitgrnational
Journal of Sports Medicine, 1209-312.

College fitness swimmer$A(= 19, F = 15) were maximally tested in treadmill running and
tethered swimming.

It was concluded that treadmill heart rates should be reduced by 12 bpm to produce a similar
exercise demand for swimming. There were no differences between lactatedeedlselr
exercise mode, but females recorded lower levels than males.

Implication. It is not appropriate to take heart rate measures determined on a running treadmill
or in other activities and assume the same rates are applicable to swimming (swisunaihyg u

has lower HRs). Beware when reading research articles on other activities and "transferring"
their results to swimming.

HEART RATE AND MENTAL -PHYSICAL ACTIVITY
Desharnais, R., Jobin, J. & Desgagnes, P. (1995). Interaction of physical and mesdatsin

heart rate and effort sense during exerdedicine and Science in Sports and Exercise, 27(5),
Supplement abstract 355.

Young adults (N = 128) exercised at 45, 60, or 75% o4 During the task, Ss were
instructed to perform mathematical tasks of different difficulty levels.

It was found that effort sense (rating of perceived effort) was only affected by physical stress.
Mental activity altered HR depending upon the level @freise exertion.

T Mental activity lowered HR when the exercise intensity was low (45% @im4g).

1 Mental activity had no affect upon HR at moderate levels of exercise intensity (60% of
VO2may).

T Mental activity increased HR at high levels of exeramensity (75% of VQmax but
without Ss perceiving any change in effort sense.

Implication. Novel mental tasks during high levels of exercise intensity increase the physical
cost of a performance. In competitive settings, all the mental activity redairagerformance
should be practiced, familiar, and without distraction. The practice of coaches givingriass

new instructions to athletes prior to performing, is likely to detrimentally affect performances if
they are attended to

HEART RATES, RPE, AND 5 km RUNNING
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Evans, B. W., & Potteiger, J. A. (1995). Using heart rate and ratings of perceived exertion to
monitor intensity during a 5 km run in trained runnétedicine and Science in Sports and
Exercise, 27(5)Supplement abstract 906.

The valdity of using heart rate, and central and peripheral ratings of perceived exertion (at 4 mM
lactate), obtained during a graded treadmill run, for monitoring intensity in a 5 km field run, was
examined.

Using heart rate to maintain steady state effortitew@s related more to performance than
either form of perceived exertion.

Implication. In steady state endurance events, heart rate levels are related to performance in
trained runners more than ratings of perceived exertion.

BORG'S RPE- ITS VALUE FOR SPORTS TESTING

Borg, G. (1985)An introduction to Borg's RREcale.lthaca, NY: Mouvement Publications.

Humans have a very welleveloped capacity to assess the level of exertion. Associated feelings
provide essential information that is important fetedmining the welfare or extent of threat to

an individual. The perception of exertion is a monitoring behavior that uses all sources of
information to govern actions that can benefit or preserve health and partake of adaptive pursuits.

How one feels ahd exertion moderates the response to exercise and effort. Taylor (1979) has
shown that when one exercises wittpasitive" attitude the efficiency of physiological function

is optimal. However, when the attitud€'isegative"that efficiency is reducedhus, the

perception of what is happening in exercise, and its concomitant effect on physiological function,
needs to be known to further understand the nature of an exercise response. How one feels
modifies reactions to exercise stress and the mechathsinsnderlie them.

Among many of today's sport scientists, there is an opinion that physical strain does not involve
any psychological factors. An emphasis on solely measuring physiological exercise parameters is
used as the basis farnderstanding'exacise responses and for prescribing future activity or
training programs. This is a false stance. Exercise is never a purely mechanistic physiological
reaction. The interpretation of the exercise experience governs the nature, quality, and extent of
the exercise response. To fully understand and accurately assess the nature of an exercise
behavior, it is necessary to measure as many moderating variables as possible.

Physiological measures can be used to grade the strain for each individual, but soticen exer
estimates. In an exercise response, the underlying determining mechanism may ngtlre'the
physiological parameter being measured. Without knowledge of the psychological moderator
variables, the physiological measure alone would be misleadingllis as a predictor variable
usually would be negligible. The particular circumstances in which the physiological measure is
taken may be more important for predicting or analyzing a response than the variable itself.
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To exercise only according to hegate is dangerous. The aches and strain that are felt may be
very important indicators of the real degree of exertive strain. The rigid adherence to the
"objective"measures of physiology may cause interpretive and prescriptive errors of a large
magnitude

In many circumstances, the psychological components of an exercise response are more reliable
and relevant than physiological measures. For example, that has been shown to be true in the
case of longerm exercise strain for determining the early symstof the onset of overtraining

or maladaptation.

Borg's Ratings of Perceived Exertion (RPE)

Borg's original intention was to construct a category scale from 6 to 20 where scale levels were
roughly one tenth of the heart rate for equivalent scaled sgdmrels. A score of Gno

exertion at all")should exhibit a heart rate somewhere in the vicinity of 60 bpm for a young to
middle-aged mildly fit individual. This correspondence is generally reserved for rradie

people exercising at moderate to higtensity levels. It is, at best, a very rough estimation of the
relationship. Large individual differences exist. Also, heart+&BE correspondences within an
individual vary between different forms of activity. RPE is best reserved for intraindividu
comparisons for a specific form of exercise.

Heart rates are related linearly to the scale scoresg to .9). However, even with this
relationship one cannot conclude that heart rate is a cause of the perceived exertion.

The perception of exertiantegrates many more exercise factors than are considered with
singular or isolated physiological variables. That integration is a truer indication of an exercise
response than is depicted by restricted variables such as heart rates, lactate mebkgds, or
measures.

To understand a certain RPE value it is important to know the age and other personal
characteristics of the individual, what kind of activity was performed, and the environmental
conditions that existed at the time.

The instructions for sing the scale are testimate how hard and strenuous you feel the work to
be". The perception should be general rather than focusing on specific parts of the body (e.g.,
tired arms). The perception of exertion should include as many contributory sesisatio
possible.

Once the verbal description is determined, the individual should choose an exact number when
two correspond to the same descriptor. When a subject is unable to complete the highest work
load, the rating should be of the work at the timéheffinal interruption.

With athletes, the major problem with using RPE is the frequent tendency to underestimate the
exertion level. Practice in using the scale is necessary. If the various categories can be aligned
with different categories or levels of work response, an atxdiscrimination between the
categories can be developed.
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RPE gives important additional data above that which is available through isolated physiological
variables. In conscientious and reliable individuals, its value exceeds that of singular parameters
of performance.

Instructions for Use

"During the exercise you are to rate your perception of exertion. Use this scale where 6 means
no exertion at all and 20 means a totally maximum effort. The 13 on the scale is a somewhat
heavy exercise but capablelsing performed at steady state (i.e., anaerobic threshold). When
at a level of 17 the effort level requires you to push yourself hard even though it is possible to
continue for some time. For many people 19 is about as strenuous as exercise becorses becau
they often reserve a small amount of possible extra effort.

Try to appraise the feeling of exertion as honestly as possible. Do not underestimate nor
overestimate it. It is of no value to underestimate the level to produce an impression of being
"braveé' or "tough". Your own feeling of effort and exertion is all that is of interest. Look at the
scale and wordings and decide on the word that best describes your effort level and the number
alternative associated with that description.

The Scale As Revisedy Rushall

6  No exertion at all

7-8 Extremely light (very, very light)

9-10 Very light [A1 warm - up/recovery]

11 Light [A2 aerobic threshold]

12- 13 Moderate [EN - 1 anaerobic threshold]

14-15 Hard [EN -2 VO2max or 400 m swimming pace]

16-17 Very hard [AN - 1 peak lactate or lactate tolerance - 200 m swimming
pace]

18- 19 Extremely hard (very, very hard) [AN - 2 anaerobic power - 25-50m
pace]

20 Maximum all - out effort with absolutely nothing being held in

reserve.
RPE INDICATES WORK LOAD

Steed, J. C., Gaesser, G. A., & Wellman, A. (1993). Ratings of perceived exertion (RPE) as
markers of blood lactate concentration during runnimgdicine and Science in Sports and
Exercise, 25(5)Supplement abstract 367.

Results indicated that RPE was adequate for prescribing exercise intensities including lactate
threshold or a given blood lactate concentration.

RPE BETTER INDICATOR OF WORK THAN HEART RATE
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Roach, B. P., Croisant, P. T., & Emmett, J. D. (1993). The apptepess of heart rate and RPE
as measures of intensity during three variations of aerobic ddedécine and Science in Sports
and Exercise, 25(5%upplement abstract 113.

Results indicate that HR in aerobic dance under predictsndxly as much a$0%. Therefore,
HR may not be as accurate for estimatingeWékas RPE.

RPE NOT A GOOD INDEX
Potteiger, J. A., &Veber, S. F. (1994). Rating of perceived exertion and heart rate as indicators

of exercise intensity in different environmental temperatiMeslicine and Science in Sports
and Exercise, 26(6),91-796.

Nine cyclists performed the same task under tteegerature conditions (30, 22, and 14
degrees Celsius). HR and RPE were determined at various stages of the tasks. It was concluded
that HR was a more valid marker of exercise intensity than RPE.

In this study it is possible that RPE included more stvasiables than those of a pure
physiological nature.

Implication. In some circumstances, particularly where conditions of exercise change rapidly, it
might be better to monitor exercise application levels with RPE and physiological variables.
However, vhen individuals are very familiar with a training environment and activity, it still
appears that RPE is a more accurate and sensitive measure of exercise stress.

RPE A GOOD TOOL FOR PRESCRIBING EXERCISE INTENSITY
Steed, J., Gaesser, G. A., & Weltman(¥994). Rating of perceived exertion and blood lactate

concentration during submaximal runnindedicine and Science in Sports and Exercise, 26(6),
797-803.

RPE was found to be a physiologically valid tool for prescribing exercise intensity when the
intent is to use lactate threshold or blood lactate concentrations as the intensity criterion

RPE AND PHYSIOLOGY IN SWIMMING

Ueda, T., & Kurokawa, T. (1995). Relationships between perceived exertion and physiological
variables during swimmindnternational durnal of Sports Medicine, 1885389.
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Male (N = 7) and female (N = 10) Ss performed tethered swimming at five different submaximal
intensities. Perceived exertion was measured on a category scale (RPE) using purely verbal
descriptions, and a categenmgtio scale (CRLO) using both verbal and numerical descriptors.
Physiological variables were: \YOHR, and HLa. Drag in the tether was an independent

variable.

Results.Drag was related linearly with Vn both males and females. HR was related linearly
with drag and VQin both males and females. HLa was related exponentially with both drag and
VO2 in both groups.

RPE increased linearly with drag in both males and females. Howevel) GRreased
exponentially.

Implication. Since HR declines with agRPE can be used to measure exertion independent of
age. It has greater utility for prescribing work intensities for swimmers of all ages than the
currently popular HR ranges.

RPE MEASURES WORK INTENSITY ACROSS EXERCISE MODES
Ziogas, G., Thomas, T. R.nfth, T. D., Zhang, Q., & Londeree, B. R. (1994). Comparison of

RPE at ventilatory and at 60% of Z@axon six different exercise modégdedicine and Science
in Sports and Exercise, 26(upplement abstract 10.

RPE is correlated to, but not causaiyated to, end exercise ¥OVE, HR, HLa, GLU, EPI, and
NE.

Implication. RPE is the best indicator of exercise response.
RPE DOES NOT PREDICT AEROBIC DANCE PHYSIOLOGICAL RESPONSES
Schaeffer, S. A., Browder, K. D., Rarby, L. (1994). Ratings of perceived exertion (RPE) and

metabolic responses of females during aerobic dance exd&iadiine and Science in Sports
and Exercise, 26(55upplement abstract 869.

RPE was not representative of exercise intensity (HB2)\during aerobic dance exercise with
combined leg and arm movements. This contradicts the earlier study where it was shown that
aerobic dance und@redicts maximum HR and VXby 10%.

RPE IS RELATED TO MANY PHYSIOLOGICAL VARIABLES
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Womack, C. J., Davis, S. A., Blumer, J., Barrett, E., Gaesser, G. A., & Weltman, A. (1994).
Effects of training and epinephrine infusion on mediators of ratings of perceived exertion.
Medicine and Science in Sports and Exercise, 26{F)plement abstraéB7.

RPE on the Borg Scale was used for jogging, skiing, shuffle skiing, stepping, cycling, and
rowing at ventilatory thresholds (VI and VF2) and at 60% of mode specific ¥Z@axin 10
males. VF1 was equivalent to an RPE oB7and VTF2 was equivalertb an RPE of 134.

Implication. RPE can be used to estimate the intensity necessary to train at ventilatory threshold
for different modes of exercise. However, at the same relative exercise intensity, young active
men perceive the effort differently alifferent modes.

A COMPARISON OF METHODS OF MEASURING ANAEROBIC THRESHOLD IN
SWIMMERS

Harrison, J. R., Dawson, B. T., Lawrence, S., & Blanksby, B. A. (1992).iN@sive and
invasive determinations of the individual anaerobic threshold in competitinvensgris. Journal
of Swimming Research, Bl-17.

"Without an accurate determination of swimming pace, HR and HLa at the IAnT for every
swimmer, a coach cannot be certain of the relative intensity of any particular training session."

(p- 11)

The purposefahis study was to determine if a novasive HR protocol is a suitable method of
determining the IAnT in swimmers. The two methods (a) Cellini et aL.510 50 m with
successively increasing speeds, and {6)300 m swims with each 50 m improving peed by

1 s each repetition.

The HLa recovery curves were found to recover much faster than in other forms of exercise.
They peaked after a minute, a finding which disputes what some other researchers have found
with swimmers. The difference in swimmingdaother exercise recovery rates may due to
variations in the amount of active musculature (an arms exercise versus a legs exercise) and the
improved venous return facilitated by the hydrostatic pressure of the environment and the
horizontal body positiothat reduced the gravitational resistance.

The noninvasive technique did not produce measures that were associated with the invasive
technique.

There were some interesting statements included in the article.
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"Without an accurate determination of swimghpace, heart rate (HR) and blood lactate
concentration [HLa] at the IAnT for every swimmer, a coach cannot be certain of the relative
intensity of any particular training sessiorfp. 11)

Implication. It is necessary to have the pace of the total ssantrolled to replicate exact
conditions when using either HR or HLa as indexes of work.

The postexercise lactate removal curves were much steeper in these swimmers than shown
previously in other activities. Swimmers recover from lactate accumulatiak (pges occurred

in about 1 minute) faster than cyclists and runners (peak rates at about 3 minuée® mst).

(p 15)"These differences in the kinetics of the La recovery curves may be due to variations in the
amount of active musculature (upperses lower body) and the improved venous return

facilitated by the hydrostatic pressure of the environmépt.16)

Serious doubts were raised about using HR/velocity as a determination of IAnT. First, a precise
protocol that guaranteed performance speasnot possible because that was left to each
swimmer to interpret instructions. In 4 of the 12 subjects, HR/velocity break points were difficult
to determine while 2 had no break point at all. This means that in only one of two swimmers the
method may ave some utility.

". .. the very low, nosignificant correlation found here between the HR and the IANnT as
determined invasively and namvasively . . . . a nemvasive determination of the IANT by
HR/velocity breakpoint measurement would seem tonhaeeliable estimate of the IANT when
determined by [HLa] measurement§p:. 16)

Implication. Heart rates cannot be used reliably or accurately to estimate the severity of work
loads.

LACTATE THRESHOLD, VO 2max, AND ENDURANCE PERFORMANCE

Hagberg, J. M.1984). Physiological implications of the lactate threshioitirnational Journal
of Sports Medicine, 9,06-109.

" .. lactic acid, while still important from the exercise physiologist's viewpoint, now is known to
contribute much less than originally believed to the regulation of man's physiological responses
to exercise.'(p. 106)

On the relationship between bloladtate and ventilation using standard protocols:

"Thus, the potential risk inherent with this protocol is that while the ventilatory and blood lactate
changes generally occur at roughly the same point, this is not the case in all situations;
therefore, lhe relationship between blood lactate and ventilation may not be-eaaseffect.”

(p. 106)

ntOhe CyteB XTHB 43blB eB WOl F 3B Page58



There have been attempts to predict the lactate threshold fromvasive techniques:
"However, a number of theoretical limitations exist which may make strelpetations
misleading."(p. 106)

The question of the validity of lactate threshold measures is important.

A variation in range for an individual exists on a deyday basis.

The sensitivity of assays is not great and consequently much error is involved.
The way lactate is formed depends upon how the exercise bout is performed.

In most individuals the lactate threshold is lower than the level aimé&that needs to
be sustaied for competitive endurance performances.

=A =4 -4 =4

In 1961 Hollmann described the aerchitaerobic threshold as a concept for predicting
performance capacity in events lasting from 30 seconds to 6 minutes'Veleticeacid

production is the true limiting factan performance.[cited by Mader, A., Heck, M., &

Hollmann, W. (1978). Evaluation of lactic acid anaerobic energy contribution by determination
of post exercise lactic acid concentration of ear capillary blood in mdisilance runners and
swimmers. InF. Landry & W. A. Orban, (Eds.Exercise physiology, Volume Miami:

Symposia Specialists, pp. 1200.]

Since then there have been many different protocols, purposes, and labels developed which
imply that erroneous uses and conceptual structuresiexit literature. Different names have
emerged:

lactate threshold (the original);

maximal steady state (MSS);

onset of plasma lactate accumulation (OPLA);
onset of blood lactate accumulation (OBLA); and
individual anaerobic threshold (IAT).

=A =4 =4 =4 4

Dependng upon the lactate kinetics of the individual, lactate thresholds occur within a range of
blood lactate levels from 1.4 to 7.5 mM. An individual's threshold will also differ between
activities.

The production of lactate at work rates that are clearlgvb#ie muscle's maximum capacity to
use Q is thought to be due to an imbalance between glycolysis and oxidative metabolism.

VO2max and Lactate Threshold

VO2maxand submaximal exercise capacity are limited by different mechanisnsmaxO

appears to be laed more to cardiovascular factors such as maximal cardiac output, whereas
skeletal muscle metabolic factors including respiratory enzyme activity play more of a role in
determining submaximal exercise capacity. This interpretation is supported bygtttiatafter

training individuals work closer to their \é@axbefore attaining their lactate threshold. That

means that cellular adaptations occurred more than changes in cardiovascular capacity. Oxidative
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enzymes increase as much as 100% through trawtirlg cardiac output increases to a much
smaller extent.

Muscle respiratory enzyme activity is closely related to a person's LT when expressed in terms of
absolute work rate. The correlations between mitochondrial respiratory enzyme activity and LT
are generally better than those between enzyme activity armhnd"'VO2maxand LT are,

within limits, determined by different physiological mechanisms, . . . LT is better related to the
metabolic status of the peripheral musculature (i.e., skeletal muscleatesp enzyme activity

levels) while V@maxis more dependent upon cardiovascular factors relating to maximal

cardiac output."(p. 108)

Lactate Threshold and Endurance Performance

Metabolic acidosis accompanying excessive muscle lactate productioreralfjebelieved to

limit performance in shottierm events lasting less than six minutes. On the other hand, lactate,
or the accompanying decrease in muscle pH, is not believed to be a limiting factor for events
lasting 10 to 120 minutes since blood lagtdbes not attain maximum levels.

"It is more likely that blood lactate level may provide an index of some other physiological
signal which is actually the mechanism for limiting performance in prolonged sttaiey
competitive events(p. 108)

While VO2maxplays a role in determining the upper limit for aerobic expenditure in prolonged
endurance events, LT measures provide a more precise prediction of endurance performance
capacity. The preferred measures of LT come from-tlumgition continuous activity ptocols

rather than shorter, incremental protocols. The shorter protocols may be beneficial for studying
ventilatory responses, but are tenuous when used to predict endurance performance capacities.

Thus, tests for LT, or whatever label is used, are hiétiteey are of relatively longer rather than
shorter duration, despite the greater time required for testing.

It is likely that"time available for testinghas entered into testing protocol formulations. The
quicker, cheaper, and easier test is alvegysealing on efficiency grounds. The plethora of

testing procedures for both LT and ¥@xxhas led to the implicit inclusion of error into
physiological measures. It is better to do something correctly, than more expediently. LT is best
measured under extsive testing protocols and is the better index for predicting endurance
performance.

ANAEROBIC THRESHOLD (LACTIC ACID TURNPOINT)

Gibbons, E. S. (1987). The significance of anaerobic threshold in exercise presciqiioil
of Sports Medicine, 2B57-361.
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In the past exercise prescriptions have been based on specific percentages of maximum oxygen
consumption (V@max with the implication that if the percentages are met specific desired

results will be obtained. Because the anaerobic thresbelsirtbt occur at a consistent

percentage of V@maxfor all individuals, the significance of such a prescription is diminished.

This situation is complicated even further in that the percentage ahd@hat is appropriate for

an individual also varies depding upon the state of aerobic training. Anaerobic threshold does
influence fuel use and lactic acid accumulation and is an indication of the discrepancy between
oxygen supply and demand. The threshold may be a more accurate indicator of circulatory and
metabolic adaptation to exercise stress than some predetermined percentagead VO
Prescriptions based on \?@axdo not distinguish between work above and below anaerobic
threshold. Therefore, exercise performed in the commonly accepted range ob5ietaeéht of
VO2maxmay cause varied results and benefits. Such errors are not appropriate for the
prescription of workloads designed to produce very specific training effects. After studying
females of varying fitness levels and measuring heart rateBnd4Cand anaerobic threshold it

was concluded that exercise prescriptions based on a percen2obxd percent of maximum

heart rate without considering anaerobic threshold level will create various training stimuli and
will result in various levels ainprovement in cardiovascular functions and metabolic processes.
Therefore, exercise prescriptions using anaerobic threshold as a principal ingredient, rather than
VO2maxshould be developed (p. 357).

Implication. When conditioning stimuli are selectedagparticular intensity and applied to a
group, varied training responses will result between individuals. Consequently, athletes will
develop at different rates and in different ways usually resulting in greater variations in
performance between individsaather than producing more consistent ones. This variation is
also accentuated further if the states of training of the athletes in a squad are different. Since
anaerobic threshold is altered by aerobic training, thertias®d individuals will requie a
different training stimulus than those who are vidined. This feature further supports the
application of the principle of individuality when formulating training prescriptions.

ANAEROBIC THRESHOLD TRAINING AND VO 2max

Rusko, H. (1987). The effeof training on aerobic power characteristics of young ecosstry
skiers.Journal of Sports Sciences,%3-286.

Intensive training at anaerobic threshold or higher is the most effective method for improving
VO2max Low-intensity continuous training a better method for improving anaerobic threshold.

FURTHER ON ANAEROBIC THRESHOLD

Rushall Thoughts, 1988.
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The anaerobic threshold is the state where the work of exercise can no longer be supported
through aerobic energy supply alone. Above thatedactic acid begins to accumulate.

In an untrained state, the anaerobic threshold is a measure of the aerobic capacity of one's
system. With training and consequent adaptation to exercise stress, the nature oftiveciow

fibers changes. There i &ncrease in the capillarization within the muscle fiber bundles as well

as the number of mitochondria in each fiber. That means that after training the amount of oxygen
that can be used by the body is increased. Consequently, more work than in thedistede

can be performed before lactic acid starts to accumulate because of aerobic insufficiency. This
results in one of the effects of aerobic training being an improvement in the anaerobic threshold.

However, the anaerobic threshold change thatteefoim aerobic training is not only due to
slowtwitch fiber adaptations. If the level of exercise strain is high enough sontevitast

fibers will also adapt and become fasttch oxidative fibers. They will be recruited when the
level of exercise appaches the anaerobic threshold. Thus, aerobic adaptation results in an
anaerobic threshold shift because of principally stavtch fiber adaptations and, to a lesser
extent, fastwitch fiber adaptations.

This means that for maximum aerobic adaptatiéos mecessary to perform work of sufficient
intensity to stimulate the use of fastitch fibers while almost the maximum aerobic capacity is
being taxed. This is best achieved in interval work, or-imgnsity fartlek work where the

athlete periodicayl exceeds the existing anaerobic threshold in the one training session. Without
the high intensity of work that requires the use of-fastich fibers, a maximum aerobically

trained state and level of anaerobic threshold will not be attained.

For eventshat require both aerobic and anaerobic components in performance it is best to
perform the greatest amount of work possible using both capacities at the pace of the intended
performance. Any slower pace will not stimulate the full capacity and any fastempll not

produce sufficient volume of work to maximally adapt the aerobic system. Thus, a central theme
of much training for many sports will be to perform training stimuli at such an intensity that fast
twitch fibers will be recruited and "converted' perform aerobic work.

CRITICAL VELOCITY FOR MLSS
Wakayoshi, K., Yoshida, T., & Moritani, T. (1993). Does critical swimming velocity represent

exercise intensity at maximal lactate steady stsltedicine and Science in Sports and Exercise,
25(5),Supplenent abstract 366.

It was found that a maximum swimming pace somewhere between 200 m and 400 m pace is the
level of maximal lactate steady state (MLSS). A conservative estimate would be 400 m pace
although others (e.g., ICAR) suggest that pace woulddre of a lactate tolerance pace than

MLSS

TESTS OF THE PHYSICAL CONDITION OF ELITE SWIMMERS
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Rushall, B. S. (1995 ests of the physical condition of elite swimmers: A manual for
coachesSports Science Associates, 4225 Orchard Drive, Spring Valley, CA 91977.

This text describes a rationale that supports the use of "field" tests, as opposed to
"laboratory/physiological” tests, for determining the training progress of elite swimmers. Each
evaluation procedures is laid out in a shbgpstep format. Master copies all recording and
computation sheets are provided.

Tests for the following are described.

Swimming power and/or propelling efficiency.

Strength training effectiveness.

Sprinting adaptation.

Endurance adaptation.

Training effects.

Estimation of aaerobic threshold training intensities and state.
Estimation of maximum aerobic capacity training intensities and state.
Estimation of lactate tolerance training intensities and state.
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