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This article focuses on the “Physical Preparation & Conditioning” domain of NASPE’s National
Standards for Sport Coaches. Specifically, it discusses training principles and program design
concepts to prepare participants for the demands of sport (based on both research evidence and
professional practice knowledge). These are addressed with regard to the “Growth & Development”
domain — i.e. changes that occur as athletes progress from youth to adulthood.

Sports preparation has evolved beyond simple fithess- or exertion-oriented training. Many
Strength & Conditioning professionals now take a comprehensive “sports performance” approach
with their athletes, where movement skill acquisition also gets priority. Such strategies are very
productive, but can also be quite challenging because the practitioner’s competencies must include
sport and exercise science — i.e. anatomy, biomechanics, nutrition, motor learning, and physiology
— as well as education.

A common set of principles emerges when the big picture is considered (Table 1). These are
interdependent and straightforward for the most part, although strategic decisions must be made to
resolve certain trade-offs. Collectively, these principles are the basis of periodization strategies used
to design training programs.

Planning The Curriculum: Periodization

Classic definitions of periodization usually go something like this: planned distribution or variation
in training means (content) and methods (workload) on a cyclic or periodic basis. The central idea
isn’t tricky at all. In fact, periodization is essentially coaching or teaching strategy applied to the
training process.

Periodization is the equivalent of game planning or curriculum design. Just as coaches use
certain plays or tactics to set up others (and generally do so much advance planning and
preparation), certain training tactics can set up the effects of others. It's basic game theory or
strategic thinking applied to a training plan. As is the case when designing a game plan, however, it's
easy to miss the overall strategy when focusing on X’s and O'’s.

Plisk & Stone [2003] propose a novel definition of periodization: the use of planned
unpredictability to manipulate or outmaneuver another player, which in this case is the body’s
adaptive mechanism. The goal is to influence one’s counterpart to adjust or redirect its actions in
probable ways and prevent it from accommodating any tendencies. This is no simple task
considering that this adversary is very smart, having the collective wisdom of millions of years of
evolution. A sound game plan is needed because the body’s adaptive system is well prepared for a
variety of stressors.

This brings us to a critical issue: In contrast to athletic contests, where a competitive strategy is
used to achieve a win-lose outcome, the key in training is a cooperative strategy aimed at a win-win
result. Although the basic principle of game theory applies in either case, complementing rather
than defeating another player is the strategy of choice in this situation. In this sense, periodized
training is a form of “coopetition”.

So periodization can be described as the art of systematic unpredictability applied to sports
training. The trick is to mix one’s plays with no demonstrable pattern in order to prevent an
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adversary from effectively countering the chosen tactics. This involves a randomized plan intended
to thwart an opponent’s ability to anticipate the next move or concentrate its resources at a single
point of attack. The challenge is to skillfully combine different training methods in order to yield
better results than can be achieved through exclusive or disproportionate use of any single tactic —
even a dominant one. This has led to the development of “mixed methods” strategies intended to
exploit certain physiological responses and achieve specific objectives.

The first step in the planning process is to classify training tactics into a rational system. Tables
2-3 summarize two reasonable schemes of strength and endurance development methods,
respectively, that can be used as a sort of playbook. These reflect general agreement in the literature,
making them useful examples.

Periodization strategies are generally intended to accomplish three goals:
1 Exploit complementary training effects at optimal times

1 Manage fatigue, thereby preventing stagnation or overtraining

1 Optimize training time and effort

Achievement of these objectives involves long, intermediate and short-term planning, usually
expressed in terms of macro-, meso- and microcycles — which are analogous to curricula, syllabi
and lesson plans, respectively. These cycles, in turn, should progress on two fronts: workloads
(extensive to intensive) and tasks (general to special). Corresponding decisions should be made with
respect to several factors including the biological responses to training stimuli, athlete’s
developmental status and specific demands of the sport.

The Paradoxes

Program design strategies would be unnecessary if the pieces of the puzzle fell together
automatically. Following are some paradoxes that influence the practitioner’s decision making
process:

Fitness vs. Fatigue.  The prevailing theory of training adaptation is the fitness-fatigue paradigm
[Zatsiorsky, 1995; pp. 3-19] (Figure 1). According to this theory, an athlete’s preparedness is defined
as the summation of two after-effects of training: fatigue and fitness. In contrast to the
supercompensation theory based on a cause-and-effect relationship between these factors, the
fitness-fatigue model proposes that they have opposing effects. This has a simple but profound
implication: Preparedness is optimized with training strategies that maximize the fitness responses
to training stimuli while minimizing (or managing) fatigue.

Since fatigue is a natural consequence of training stress — and adaptations are manifested
during subsequent unloading periods — fatigue management tactics are integral to a sound
program. These can be implemented at different levels:

1 Long-term (macrocycle) ... active rest/transition periods after competitive periods

1 Intermediate-term (mesocycle) ... restitution microcycles after overreaching microcycles,
concentrated blocks or stressful competitions

1 Short-term (microcycle) ... maintenance/restitution workloads or recovery days; daily
training routines distributed into modules separated by recovery breaks; and intra-session
relief breaks or “rest pauses”

Note that rational program design is one prong of a restoration plan that should also address

regenerative/therapeutic techniques as well as nutrition and sleep (which are beyond the scope of
this manuscript).
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Intensity vs. Volume. The idea of a trade-off between intensity and volume seems pretty basic,
but has important ramifications because the interaction of these variables drives many of the
decisions made when designing training programs. Periodization involves fluctuating emphasis
between intensity and volume such that adaptation is steered toward specific objectives. It is rather
meaningless, however, to consider one variable independently of the other; hence the practical value
of the volume-load concept as an indicator of training stress [Stone et al., 1998, 1999].

Volume-load prescription should be viewed in the context of productive workload ranges. At the
lower end is the stimulus threshold required to trigger desired effects; whereas at the upper end is a
point of diminishing returns, beyond which further application yields no beneficial — or perhaps
detrimental — effects. These tend to be moving targets as an athlete’s fitness and adaptivity improve
with long-term development.

Primary emphasis is generally placed on training quality (i.e. intensity), which can be expressed
in terms of impulse or power output during task execution. In practice, such parameters are useful
indicators of stimulus intensity and corresponding training effect. The central issue regarding
programming strategy is the method by which increased intensity is achieved. Variable rather than
linear workload progressions tend to yield superior results and can be accomplished through
different tactics [Plisk & Stone, 2003; Stone et al., 1999].

As can be seen in Tables 2-3, high work volumes are associated with the development of
endurance qualities. But work volume also fulfills several other important functions when rationally
applied with respect to intensity. In terms of general preparation, extensive volume-loads serve at
least three purposes:

1 They establish a functional base of work capacity
1 They influence the duration and stability of corresponding training effects

1 They are an important prerequisite for intensive efforts involved in special/technical
preparation

Extensive work volumes are often associated with tactics such as high-repetition sets (with
corresponding reductions in workload) or increased humber of sets and/or exercises. Other tactics,
however, should also be considered. For example, volume-loads can be periodically adjusted by
manipulating density variables such as training session distribution and frequency in order to
achieve certain objectives [Plisk & Stone, 2003].

Strength vs. Endurance. Certain types of endurance training can hinder strength and power
development when performed concurrently, at least in previously untrained subjects [Baechle &
Earle, 2000; Leveritt et al., 1999; Siff, 2003; Viru, 1995]. This creates a dual problem:

1 High levels of these qualities must be developed in specific combinations in order to
optimize athletic performance. Even explosive “power sports” require special endurance
qualities in order to achieve the prescribed volume-loads in training; whereas prolonged
“endurance sports” often involve a series of brief spikes in power output. And, of course,
most transitional sports involve a blend of submaximal activity and repetitive, intense bursts
of power with limited relief allowance.

1 Although advanced athletes can tolerate greater training stress than novices, cumulative
fatigue can be problematic when developing multiple fitness qualities simultaneously.
Unfortunately, such compatibility studies on trained subjects are lacking.

The challenge in practice is to integrate strength and endurance training effects such that they
enhance rather than interfere with one another. In basic applications, this may be achievable with
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fairly simple training and recovery tactics. For qualified athletes, however, advanced (e.g. summated
or sequenced) strategies are valuable in minimizing cumulative fatigue and compatibility problems
[Plisk & Stone, 2003; Siff, 2003; Stone et al., 1998, 1999; Verkhoshansky, 1977, 1985; Viru, 1995].

Periodization vs. “Programming”. Coaches often focus on numerical models rather than
underlying strategy when designing Strength & Conditioning programs. This may be an artifact of
the rep-counting mentality that was prevalent before periodization became popular in the West. In
any case, it poses an interesting problem: A given training stimulus (input) results in a response
(output) that is not entirely predictable.

According to Siff [2003; p. 326]: “The use of numerical computations as the sole descriptor of
loading often overlooks the fact that apparently objective measures like this do not take into account
the athlete’s subjective perception of the intensity and overall effects of the loading.” He
recommended a combined objective-subjective approach referred to as “cybernetic periodization”
where zones of workload intensity are planned in advance, but tactics are adjusted as necessary
based on technique evaluation by the coach as well as performance feedback from the athlete (e.g.
regarding perceived effort/fatigue).

This is not meant to dissuade coaches from calculating a thoughtful training plan. The point is
that volume-load parameters, rep/set schemes and so on are secondary to training goals and
objectives. Furthermore, rather than applying them rigidly, intuitive factors can be used to make
prudent adjustments during implementation.

Specificity vs. Variation. Zatsiorsky [1995; pp. 108-135] points out that a sound periodization
plan is a trade-off between conflicting demands for fluctuation (according to the law of variability)
vs. stability (to satisfy the demand for specificity). Optimal effects are achieved through systematic
variation in training content and/or workload, whereas monotonous loads or tasks — e.g. entirely
activity-specific movements — can predispose an athlete to accommodation or stagnation problems.
This is the rationale for regular application of novel stressors. The challenge is to vary training tasks
within appropriate ranges.

Adaptation becomes increasingly specific to the demands imposed on an athlete as his/her
preparation level improves [Baechle & Earle, 2000; Dick, 2002; Elliott, 1999; Harre, 1982;
Matveyev, 1977; Siff, 2003; Viru, 1995; Zatsiorsky, 1995]. Specificity exists on several fronts
including biomechanical, coordinative and energetic, all of which are useful criteria for selecting and
prioritizing training tasks. After completing a needs analysis, the relative emphasis placed on
different means and methods should be influenced by the athlete’s developmental status, especially
with regard to critical/sensitive periods.

Preadolescence seems to be the optimal window for enhancing the movement competencies or
“coordinative abilities” upon which motor skills are based [Ajan & Baroga, 1988; Balyi, 2004; Bar-
Or, 1995; Dirix, Knuttgen & Tittel, 1991; Drabik, 1996; Harre, 1982; Malina, Bouchard & Bar-Or,
2004; Viru, 1995]. These are still trainable to an extent during and after adolescence, although
training should shift toward a greater emphasis on strength/power improvement as well as sport-
specific skills. This has important implications in all aspects of program planning, but receives
relatively little attention in the West. Fortunately, awareness of this issue is increasing.

Training Curriculum
Physically educated student-athletes learn and demonstrate motor skills and movement
competencies needed to perform various physical activities [NASPE, 2004]:

1 They move using concepts of body awareness, space awareness, effort and relationships
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1 They demonstrate competence in a variety of manipulative, locomotor and non-locomotor
skills

1 They demonstrate competence in combinations of manipulative, locomotor and non-
locomotor skills performed individually and with others

1 They demonstrate competence in many different forms of physical activity
1 They demonstrate proficiency in a few forms of physical activity

1  They learn how to learn new skills

This provides a framework for achievable expectations — as well as sample performance
indicators to measure behavior — at every level of a training program. It also provides a basis for
developmentally appropriate instructional design, athlete assessment and program evaluation.

Using the available evidence on motor development, learning objectives can be established for
various skills at each level of a physical education curriculum. These can be adapted to sports
performance training. For example, using the K-12 system as a template, specific motor skills can be
introduced and practiced at certain levels with the expectation of achieving proficiency at others
[Kelly & Melograno, 2004] (Table 4). Once mastered, each competency can be subsequently
reviewed and maintained as athletes advance through the syllabus and learn new/complex
movement skills.

The key to optimizing time and effort is to approach training as a curriculum where competence
precedes performance. Here’'s how a long-term training plan might be organized into a series of
stages [Balyi, 2004; Seagrave, personal communication]:

1. Fundamental. Emphasis should be placed on having fun, while learning basic movement
competencies. Training involves deliberate play rather than performance oriented activities.
Many of the skills introduced in this stage will be basic but challenging for youth athletes.

2. Novice ... “learning to train”. Emphasis is still placed on basic movement competencies, while
starting to develop the motor abilities — strength, flexibility, endurance, etc. Training begins to
involve structured practice.

3. Intermediate ... “training to train”. Emphasis should be balanced between competency-based
and performance-based training. Training begins to involve deliberate practice. Skill
development is a high priority, as is improving the physical qualities required for sports success.

4. Advanced ... “training to compete”. Emphasis is placed on continued development of movement
competencies, and integrating them into complex competitive situations.

5. Elite ... “training to win”. Emphasis should be placed on achieving sports performance mastery
or expertise.

Movement mechanics and techniques, as well as basic fitness qualities (i.e. “general
preparation” tasks) are priorities early on. The intent is to progressively automate these and free up
attention capacity so the athlete can focus on strategies and tactics (i.e. “special preparation”) as
they reach advanced/elite levels.

Summary
Training for sports performance is like building a computer system in some respects. Having the
right hardware is part of the answer, but athletes must also have the right software to run it.
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The hardware issue is pretty straightforward. All else being equal, strong athletes are fast
athletes. Speed is a function of force, and athletes who generate more power can move faster. In
order to explosively accelerate, decelerate and change direction, he/she must be able to produce
enough force. This is why strength and power development are staples of most training programs.

But athletes aren’'t machines. For one thing, they don’'t come with factory-installed programs.
Software upgrades are a work in progress, as are downgrades in the case of detraining or
debilitation. So one objective of sports performance training is to program (or reprogram) an
athlete’s motor skills. These, in turn, can be thought of as the language of movement, where mastery
is achieved through a long-term, developmentally appropriate curriculum.

Another difference between athletes and machines is that an athlete’s hardware is built by the
software. This is an ongoing process as well, and is why the “functional” paradigm has gained favor
over the “bodybuilding” approach over the past decade. Simply stated, when training is designed to
target the motor programs, hardware upgrades largely take care of themselves.
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Figure 1: Fitness-Fatigue Theory. An athlete’s preparedness is determined by the
summation of positive (fitness) and negative (fatigue) responses. In contrast to the
“supercompensation” theory based on a cause-and-effect relationship between these two
processes, this model proposes that immediate training effects are characterized by their
opposing action. Source: Zatsiorsky (1995; p. 16).
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1  Accommodation. The biological response to constant stimuli decreases with repeated
application. Novel/beneficial stressors yield supercompensation; whereas
monotonous/detrimental stressors yield stagnation or decay.

1 Continuity. The body’s homeostatic mechanisms up-regulate corresponding systems in
response to training; and down-regulate them in response to detraining.

1 Individuality. The same stimuli induce unique responses in each athlete due to genetic
differences, developmental/training status and environmental factors.

1 Progression. Long-term preparation should be planned such that tasks become
progressively more challenging with respect to critical/sensitive developmental periods.
Optimal learning and training effects are achieved by advancing from general to special
movements and extensive to intensive workloads.

1 Specificity. Adaptation becomes increasingly specific to imposed demands as the athlete’s
level of preparation improves. Training means (content) and methods (workload) should
correspond to the mechanical, coordinative and metabolic demands of the sport.

1 Synergy. Focus should be directed toward integrated movement qualities and systemic
training effects. The challenge is to plan and implement various stimuli in order to exploit
cumulative and interactive responses, and minimize fatigue/compatibility problems.

1 Variability. Adaptive responses to strenuous loading are manifested during subsequent
unloading periods. Summated/sequenced training effects are realized through planned
distribution or variation in training means (content) and methods (workload) on a cyclic or
“periodic” basis.

Table 1: Fundamental training principles. The objectives are to maximize learning and
training effects, manage fatigue and prevent stagnation or overtraining. Sources: Ajan &
Baroga (1988), Baechle & Earle (2000), Dick (2002), Elliott (1999), Harre (1982), Matveyev
(1977), Siff (2003), Viru (1995), Zatsiorsky (1995).
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10

Maximum Strength

B Brief maximal efforts [intra/intermuscular coordination; rate of force development]

Relative intensity ... 75-100%
Action speed ... slow to explosive

Volume ... 15-25 reps/session @ 95-100%; 20-40 reps/session @ 90-95%; 35-85
reps/session @ 80-90%; 70-110 reps/session @ 75-80% (<8 reps/set for low skill
movements; <3 reps/set for high skill movements)

Density ... full (up to 8 min) recovery between sets

B Repeated submaximal efforts [hypertrophy]

Relative intensity ... 80-90%

Action speed ... slow to explosive

Volume ... 5-10 sets per exercise

Density ... 1-4 min recovery between sets; 24-48 hours between sessions

B Combination methods

Speed-Strength

B Submaximal accelerative efforts [power; rate of force development]

Relative intensity ... 30-85%
Action speed ... explosive/maximal

Volume ... 3-7 sets per exercise; 1-3 reps/set @ 85%; 3-5 reps/set @ 80-85%; 5-8
reps/set @ 70-80%; 8-15 reps/set @ <70%

Density ... 2-8 min recovery between sets; daily sessions

B Reactive-ballistic efforts [stretch-shortening cycle; stiffness regulation]

B Contrast methods [acute after-effects; potentiation]

Strength-Endurance

B Extensive interval [low/moderate intensity endurance capacity; recoverability]

Relative intensity ... 30-40%

Action speed ... brisk/continuous

Volume ... 3-6 sets per exercise; 20-30 reps per set
Density ... <5 min recovery between sets

B Intensive interval [high intensity endurance capacity; recoverability]

Relative intensity ... 50-60%

Action speed ... explosive

Volume ... 3-6 sets per exercise; 20-45 second duration per set (rep count is irrelevant)
Density ... 1-3 min recovery between sets

Table 2: Training methods for specialized strength development [objectives are indicated in
brackets]. Source: Plisk (2000; pp. 63-82).
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Competitive-Trial [special endurance]

B Supramaximal training
e Intensity ... greater than competition
e Duration/distance ... less than competition

B Maximal training
« Intensity ... equal to or less than competition
 Duration/distance ... equal to competition

B Submaximal training
e Intensity ... less than competition
 Duration/distance ... greater than competition

Distance-Duration [submaximal endurance]
B Continuous training ... 70-95% competitive speed/power
B Fartlek training ... unstructured changes in intensity, duration, volume and density

B Variable training ... structured changes in intensity, duration, volume and density

Interval [speed-endurance]

B Extensive training
e Relative intensity ... low-medium (60-80% competitive speed/power)

« Duration/distance ... short-medium (e.g. 14-180 sec @ 100-1,000 m running distance for
advanced athletes; 17-100 sec @ 100-400 m running distance for novices)

e Volume ... large (e.g. 8-40 reps for advanced athletes; 5-12 reps for novices)
= Density ... high; short incomplete relief interval allowing HR to recover to 125-130 bpm
for advanced athletes or 110-120 bpm for novices (i.e. <1/3 time needed for complete
recovery; e.g. 45-90 sec or 60-120 sec for advanced or novice athletes, respectively)
B Intensive training
e Relative intensity ... high (80-90% competitive speed/power)

e Duration/distance ... short (e.g. 13-180 sec @ 100-1,000 m running distance for
advanced athletes; 14-95 sec @ 100-400 m running distance for novices)

e Volume ... small (e.g. 4-12 reps for advanced athletes; or 4-8 reps for novices)

e Density ... medium; longer but still incomplete relief interval allowing HR to recover to
110-120 bpm (e.g. 90-180 sec for advanced athletes; 120-240 sec for novices)

Repetition [speed/agility]
e Relative intensity ... very high (90-100% competitive speed/power)
e Duration/distance ... very short/medium (e.g. 2-3 sec up to several min)
e Volume ... very small (e.g. 3-6 reps)

e Density ... low; long near-complete rest interval allowing HR to recover to <100 bpm (e.g.
3-45 min)

Table 3: Training methods for speed, agility, and speed-endurance development [objectives
are indicated in brackets]. Source: Baechle & Earle (2000; pp. 471-491).
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GRADE

12

Goal Area Objective

12

Body Awareness | Body parts
Personal space
Body actions
Spatial awareness
Balance
Directionality
Shoulder roll P C R

T U TUOTTUOTOO|FR
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Locomotor Run forward

Hop

Run backward
Gallop

Slide

Skip

Lateral movement
Change direction
Vertical jump
Combination skills
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Py

Object Control Catch

Underhand toss
Overhand throw
Underhand strike
Overhand strike
Forehand strike
Backhand strike

)
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py)
py)

)

o
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R
Cc R
C R

Table 4: Motor skill objectives targeted for instruction by grade and goal area. Specific motor
skills can be introduced and practiced at certain levels with the expectation of achieving
proficiency at others. Once mastered, each competency can be subsequently reviewed and
maintained as the athlete advances through the syllabus and learns new/complex movement
skills. P = objective is introduced/practiced. C = competency is expected by the end of this
grade. R = objective is reviewed/maintained. Source: Kelly & Melograno (2004).
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