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[. INTRODUCTION

Planned programs of instruction and training are basic to training for
specific sports. Such programs have beneficial effects on several components
important to athletic performance - motor skill, strength, and endurance.
Evidence about specific training programs is often discussed in the context of
the concept of the trainability, which refers to the responsiveness of children
and adolescents at different stages of growth and maturation to an
instructional or training program. This chapter first discusses the concept of
trainability of children and adolescents, and then discusses the trainability of
motor skill, muscular strength, and anaerobic and aerobic fitness. '

- What is the concept of trainability?

- What are the responses of children and adolescents to training
programs for motor skill, strength, and endurance.

2. CONCEPT OF TRAINABILITY

Trainability refers to the responsiveness of the individual to a specific
training regimen. Trainability is related to the concepts of readiness and critical
periods. It is often suggested, for example, that youth are more responsive to
the beneficial effects of training during periods of rapid growth and maturation.
The issue of trainability in the context of sport has been related primarily to
the development of muscular strength and aerobic fitness, but it applies as well
to the effects of instruction and practice on the development of motor skills,
including sport specific skills. The term training, as used in this presentation,
includes instruction and practice.

Discussions of trainability deal with two related, but different, questions:
(1) What are the responses of children and adolescents to systematic training
programs? (2) How responsive are children and adolescents to specific training



programs! The first deals with the effects of training programs, whereas the
second deals with the trainability of children and adolescents.

The sensitivity of growing and maturing individuals to training depends
on a variety of factors including age; perhaps sex; growth and pubertal status;
prior experiences; pretraining levels of skill and physical fitness (current status);
psychological factors; and probably genetics. With the exception of several
studies of responses of sedentary young adults to aerobic or strength training,
the factors indicated above are not generally controlled in studies of children
and adolescents. Quality of instruction in the training environment is an

3. TRAINABILITY OF MOTOR SKILLS

The nervous system is, to a large extent, near adult form, and most
basic movement patterns are reasonably well established by 6 to 8 years of
age, ages when many children have their first experiences in youth sports. It
might be expected, therefore, that these ages would be ideal for specific
instruction and practice in the basic motor skills.

Children 5-8 years of age are very responsive to systematic instructional
and training programs for the development of movement skills. Planned
instructional programs can enhance the development of basic motor skills in
young children and more complex sports skills in older children. Guided
instruction by qualified coaches, appropriate motor task sequences, and
adequate time for practice are essential components of successful instructional
programs at young ages. Since the skills utlized in most sports are
combinations and modifications of the basic movement patterns, the
importance of instruction and practice in organized sport during childhood is
highlighted.

Instruction and practice in basic movement skills per se and in
combinations or modifications of these skills in the requirements for specific
sports are very important during late childhood and and the transition into
adolescence. Youth 9-12 vyears are responsive to systematic instruction and
training of specific motor skills, especially more complex sports skills, and to
systematic, supervised strength training programs (see below). Specific
instruction for girls should perhaps be emphasized early in this age range given
the earlier transition of girls into the growth spurt and puberty.

At these ages, it may be difficult, however, to partition learning effects
from those associated with growth and maturation. Motor performance
improves more or less linearly with age during middle childhood. It continues
to improve during adolescence in males, but tends to reach a plateau or to
improve only slightly in females after 14-15 years.
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4. TRAINABILITY OF MUSCULAR STRENGTH

Resistance exercise programs typically involve the use of weights or
specially designed machines to provide the resistance against which a particular
muscle group must work. Historically, resistance training for the development
of strength was not recommended for prepubertal children (those who do
not show the overt manifestations of puberty). This view suggests that
prepubertal children are not as responsive to strength training as pubertal or
postpubertal youth. Many studies in boys and girls 5-11 years, however,
indicate that they respond to resistance training with gains in strength.

Although prepubertal children respond to resistance training with gains
in muscular strength, they show no or only minimal muscular hypertrophy
(increase in muscle size). The relatively small changes in muscle size compared
to gains in strength suggest that the response to the resistance training
stimulus in prepubertal children is largely changes in the nervous system. The
nature of the responses is not known with certainty, but probably includes
changes in the coordination of the nervous system.

Variation among individuals in response to strength training programs is
not ordinarily considered or reported. Do all children respond in a similar
manner! The answer is no. Are there an age-related effects on the response
to training! Some data suggest smaller strength gains in absolute strength in
younger children. Other questions that arise in discussions of strength training
deal with possible differences in responses of boys and girls, and of chidren
who vary in pubertal status. Although there is no sex difference among
prepubertal children, the issue of sex differences has not received adequate
study. Variation in response to training by pubertal status suggests greater
percentage increases in strength by prepubertal boys, followed in order by
pubertal and postpubertal boys has received some consideration. On the
other hand, absolute strength is probably less trainable in prepubertal than in
pubertal and postpubertal youth.

The preceding studies focus on resistance training designed to increase
strength. Programs designed to improve muscular endurance also result in
strength gains, but some evidence suggests that younger boys make greater
relative gains in strength, whereas older boys make greater relative gains in
muscular endurance. The results suggest differential responses to the type of
training stimulus that depend upon age.

The persistence of strength gains in children and adolescents after the
cessation of resistance training needs further study. Limited data for
prepubertal children indicate that gains in strength associated with resistance
training tend to revert to control values several weeks after the cessation of
training. A related issue is the amount of training needed to maintain strength



gains associated with training in children and adolescents. Presently available
information on the training requirements for the maintenance of strength gains
is not conclusive.

An issue of importance in strength training studies is the influence of the
strength training on other aspects of performance. In other words, - does
strength training transfer to athletic performance! Data that address this
question are limited.

In a study of girls 9-17 years of age, those who did isometric strength
training also improved in the vertical jump and acceleration in sprint running,
and girls who did vertical jump training also improved in isometric strength and
acceleration in sprint running. Gains were greater in the domain that was
specifically trained, i.e, girls who did isometric training made greater relative
gains in isometric strength and girls who did vertical jump training made
greater relative gains in the vertical jump.

Other data dealing with transfer of strength training to other aspects of
performance are limited. A study of boys 6-1 | years suggests improvements in
the vertical jump and flexibility (sit and reach) after 14 weeks of resistance
training, whereas a study of a combined sample of boys and girls 7-12 years
suggests negligible changes in the vertical jump and the sit and reach after 8
weeks of training. The variable duration of the training programs may
contribute to the different results. Further, it is difficult in both studies to
partition the effects of the training program from expected changes in
performance associated with normal growth.

5. TRAINABILITY OF ANAEROBIC FITNESS

Many youth sports are characterized by activities that involve short
bursts that rely on anaerobic fitness. For example, a batter sprinting to first
base, a running back dashing towards the goal line, or a soccer player running
to a pass. Anaerobic fitness is influenced by growth and maturation, and
possibly by specific anaerobic exercise training.

Information regarding the trainability of anaerobic fitness in children and
adolescents is limited, and it is not clear whether anaerobic fitness is trainable
in children and adolescents. Some studies, but not all, show greater anaerobic
fitness in athletic youth compared to non-athletic youth. Experimental training
studies suggest that anaerobic fitness can increased to some extent following a
period of high-intensity training, but the data are limited to two studies of boys
10 to 13 years of age.

It appears that puberty is a critical period in the development of
anaerobic fitness due to changes in body size, muscle mass, short-term ability
of muscle to generate energy, and hormones associated with sexual
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maturation. Neural factors may also contribute to changes in anaerobic tasks
associated with training. '

There are moderately strong relationships between laboratory
measures of anaerobic fitness and field performances. This suggests the
potential for transfer of training-related improvements in anaerobic power to
short-burst activities involved in many sports. Changes in anaerobic fitness with
training are also probably related to improvements in the ability to resist
fatigue during short-term, high-intensity intermittent bouts of activity such as
repeated sprints.

6. TRAINABILITY OF AEROBIC FITNESS

The ability of the child or adolescent to perform under predominantly
aerobic conditions is a major component of endurance performance. Aerobic
power is the maximal amount of energy that can be transformed in the
aerobic machinery of working muscle fibers per unit time (usually per minute).
It is usually measured as maximal or peak oxygen consumption (VO, peak) as
the youngster nears exhaustion while running on a motorized treadmill or
cycling on a bicycle ergometer. It is quite difficult to obtain good
measurements of aerobic power in children 10 years of age and younger.

A question of interest is the response of aerobic power to systematic
endurance training, i.e., the trainability of VO, peak. Available data for short
term experimental studies indicate relatively little trainability of maximal
aerobic power in children under 10 years. Changes in VO, peak per unit body
weight in children under 10 years with systematic training are generally small -
less than 5%. It is not certain whether these results reflect low trainability of
aerobic power or inadequacies of training programs. If it can be assumed that
young children are habitually more physically active than adolescents and
adults, a more intensive aerobic training program may be required to induce
changes in maximal aerobic power.

Among older children and adolescents, responses of aerobic power to
training improve. Youth training for a variety of sports usually have higher
aerobic power, both in absolute terms (liters of oxygen per minute) and per
unit body weight. In addition, individual differences in response to aerobic
training are considerable. For example, among 35 boys and girls, 10.9 to 12.8
years, who participated in a |12 week aerobic training program, the average
change in VO, peak per unit body weight was 6.5%. However, responses
ranged from -2.4% to 19.7% of the young adolescents (Rowland and Boyajian,
1995). Thus, average values may be misleading.

The experimental studies of the effects of systematic endurance training
are short term and ordinarily do not include a follow-up component. As a



result, there is lack of information on the persistence of improvements in
aerobic power after the cessation of training, and on the amount of training
needed to maintain the improvements.

It is generally assumed that improvement in VO, peak will be associated
with improved endurance performance. Running has received more attention
than swimming in this regard. Among young distance runners, VO, peak is
closely related to performance in the | to 3 mile run. However, improved
running performance during childhood and adolescence is influenced by other
factors besides of VO, peak. These include, for example, changes in body size
associated with normal growth and maturation, running economy and
anaerobic power.

6. OVERVIEW

- Motor skills in general and specific sport skills can be improved with
systematic programs of instruction and practice.

- Prepubertal boys and girls respond to resistance training programs with
gains in strength, but with minimal or no muscular hypertrophy. There is
no sex difference in the response to resistance training among
prepubertal children. The strength gains reflect changes in the nervous
system.

- Regarding strength training for young prepubertal children, two different
questions are usually asked as one: (1) How important is strength
training for 8-9 year old children? - The answer is not known; motor
skill training is probably more important. (2) Do 8-9 year old children
respond to a strength training program? - Yes, with increased strength.

- Pubertal boys respond to resistance training programs with increases in
strength and muscular hypertrophy. Increase in size of a muscle is a late
training effect. The responses reflect neural and endocrine effects; the
latter are associated with the growth spurt and sexual maturation.

- Pubertal girls also respond to resistance training programs with
increases in strength, but with minimal hypertrophy. The latter reflects
sex differences in hormonal changes during puberty.

- Data are less extensive for training programs that focus on muscular
endurance. Limited data suggest that younger boys make greater
relative gains in muscular strength, while older boys make greater gains
in muscular endurance.

- Limited data suggest that anaerobic fitness can be improved following a
period of high-intensity training. Anaerobic fitness increases considerably
during puberty and the growth spurt due mainly to changes in body size
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and muscle mass, and the capacity of muscle to generate short-term
energy.

- Presently available data indicate relatively little trainability of maximal
aerobic power (VO, peak) in children under |0 years of age. It is not
known if these results are the consequences of low trainability (low
adaptive potential to aerobic training) or to inadequacies of the training
programs.

- Among older children in the transition into puberty/adolescence, and
among adolescents, responses to aerobic training are enhanced.
Responses are generally similar to those observed in young adults and
sex differences are minimal. Studies are confounded by individual
variation in the timing and tempo of the growth spurt and sexual
maturation. In addition, maximal aerobic power shows its own well
defined adolescent growth spurt.
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