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Introduction

The aim of this chapter is to provide an apprecia-
tion of critical factors that influence physical prepa-
ration planning within performance environments.
Surprisingly, perhaps, a meaningful analysis of this
topic requires much more than simply a review of
the existing training science literature. It also goes
without saying that it is beyond the scope of a
single chapter to delve into every crack and corner
of such an expansive topic. Nevertheless, we will
cover a lot of ground, much of which is previously
uncharted within performance science domains, in
an attempt to understand the origins and veracity
of the methods in common use and, perhaps, how
things may be improved.

The objective of the physical preparation plan is
to guide the performer towards a state of optimal
performance readiness at a specified future date.
As such, the preparation plan may essentially be con-
sidered an exercise in stress management. As noted
by Canadian endocrinologist Hans Selye, the pre-
eminent early researcher on the biological effects
of stress: ‘The goal is certainly not to avoid stress;
stress is a part of life. But in order to express yourself
fully you must find your optimum stress level and
then use your adaptation energy at a rate and in a
direction adjusted to the innate structure of your
mind and body’ (Selye 1956).

In such terms, the planner’s quest is to ascertain
the optimum stress level and impose training stress in
both the magnitude and direction that maximally
benefits target performance.
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The principle of progressive overload has long
been regarded as a fundamental principle of physical
preparation planning. From the fable of Milo of
Crete’s daily squatting of the growing bull calf (lift-
ing the calf every day as it grew heavier gradually
made him stronger!), to modern undulating load
designs, the critical challenge of preparation plann-
ing has been to impose a manageable, progressively
challenging stress that elicits optimum positive
adaptation. Should imposed training stress be insuf-
ficient, optimum adaptation will not occur; alter-
natively, if stress is excessive then some form of
negative adaptationwill result. Error within the phys-
ical preparation process may be costly. Injury, burn-
out, disillusionment and failure to realize potential
are the likely consequences of an incorrect blending
of the various preparation ingredients. Accordingly,
preparation plans are a key factor in shaping the
destinies and future successes of performers, from
the competitive sportsperson to the aspiring balle-
rina, to the adventurer negotiating a hostile terrain.
Reflecting this importance, planners within the
realm of physical performance pursuits bear a
significant, and at times onerous, responsibility.

Each performance pursuit responds to its own
unique set of physical demands, challenges and pecu-
liarities with a tailored set of planning solutions.
However, it is also true that there are many aspects
of planning custom that are common across the spec-
trum of physical performance activities: universally
shared philosophies, beliefs, traditions and practices.
It is these all-pervasive planning commonalities,
these collectively shared aspects of planning practice
that will be scrutinized and reviewed within this
chapter.

We will show evidence that conventional planning
approaches owe as much to innate aspects of human
psychology and societal planning convention as to
physiological training science. Accordingly, this chap-
ter is as relevant to the performance psychologist
seeking insight into the biological underpinnings of
training planning as it is to the coach, exercise phy-
siologist, conditioning specialist or support team
member seeking to understand the psychological
forces that have helped shape cultural preparation
planning conventions.

The structure of our discussion progresses through
four logically consecutive steps:

• A status check on current theory and practice;
where we are and how we got here?

• Is there a planning problem? How do we know?
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• Why is preparation planning so difficult?

• What can we do?

A status check on current
theory and practice: where we
are and how we got here?

The published training planning literature emanates
predominantly from sport and strength training
domains where the universally pervasive planning
template is referred to as the periodization of training.
As periodization is the only documented, formalized
training planning approach, it is worth taking some
time to explore both its origins and its basic tenets.

In a series of scholarly works in the 1960s and
1970s, the Soviet training theorist Matveyev
described a method of training planning based upon
the experiential and scientific knowledge of the
time.Matveyev’s landmark Russian publication, Fun-
damentals of Sports Training, published in 1977,
followed by an English translation in 1981, became
the first extensive encapsulation of training planning
theory. Matveyev’s original work was not widely read
in the West. In fact, the cumbersome nature of the
English translation makes it quite difficult to discern
precisely what is being discussed.What consequently
emerged was a collection of various interpretations,
based around a couple of core concepts.

What is periodization?

The periodization approach organizes all training
in terms of several basic structural units. These are
the training session, the microcycle, the mesocycle,
the macrocycle, the Olympic (or quadrennial) cycle
and themultiyear cycle (Siff 2000). The training plan
is consequently represented as the sum of the micro-
cycles aligned in a sequential chain. A specified num-
ber of microcycles form a mesocycle, and in turn a
specified number of mesocycles form the macro-
cycle. This structure is described in Box 10.1. Prior
to key events there is commonly a planned reduction
in training, termed the taper, intended to allow for
dissipation of residual fatigue and optimization of
performance readiness. So, for example, track and
field athletes will attempt to peak for Olympics,
team players for important phases of a season, clim-
bers for specific routes, adventurers for expeditions
and dancers for an audition or tour.



Box 10.1

Periodization definitions
• Microcycle: Shortest sequence of training and

recovery days before unit is repeated. Typically
between 4 and 10 days.

• Mesocycle: A sequence of similarly focused

repeated microcycles. Typically 3–8 weeks in

duration.

• Macrocycle: The overall training period. Typically

6 months to 4 years, dependent on the time-frame

of long-term training objectives.
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The cornerstones of the traditional periodization
model are essentially twofold:

1. Training periods are arranged in a predetermined
sequential order so that capacities (e.g. strength or
aerobic capacity) developed in preceding periods
will enable the development of capacities (e.g.
power or anaerobic capacity) in future periods.

2. The preplanned manipulation of training volumes
and intensities to realize specific, phasic
conditioning goals (e.g. build strength in this
phase, develop muscular power in the next).

Classically, this planning template was envisioned as
a reduction in training volume accompanied by an
associated increase in training intensity as the com-
petitive peak approached. In recent years, however,
novel and inventive derivations of the original high-
volume/low-intensity to low-volume/high-intensity
model have been proposed: more on this later.

Periodization principles have received widespread
support in the literature. To illustrate, consider the
following sampled snippets from respected plann-
ing theorists. Periodization is perceived as ‘a logical
and phasic method of manipulating training vari-
ables to increase the potential for achieving specific
performance goals’ (Stone 1996), and to provide
training planners with a ‘methodical, scientific pro-
cedure to help athletes achieve high levels of train-
ing and performance’ (Bompa 1999). Furthermore,
‘the development of a precisely controlled training
programme is necessary in order to assure that the
maximal sports performance is attained at the right
moment of the season’ (Mujika 1998). Consider the
phraseology employed: logical, precisely controlled,
productive manipulation, methodical scientific pro-
cedure. This is what periodization offers; a rational,
scientifically justified planning model that meticu-
lously guides and controls the preparation process.
There is an enticing intuitive appeal to such reasoning.
The perceived worth of the periodization concept was
further promoted by the contemporary success of
Eastern Bloc athletes, (periodization frequently being
referred to as a Soviet training secret). As a conse-
quence, and in the absence of any significant compet-
ing theories, periodization entered the lore of physical
performance cultures as the pre-eminent training
planning model for physical performance.

It must be noted here that Matveyev was certainly
not solely responsible for formulating the periodized
training approach. Within the general sports training
literature there have been a number of influential,
predominantly ex-Soviet, theorists who have pub-
lished widely, and frequently argued widely, on
the topic. Furthermore, most performance pursuits
have influential practitioners who have shaped philo-
sophies within that domain. So for example, endur-
ance running culture has been heavily influenced by
planning methodologies employed by legendary coa-
ches such as Jack Daniels and Arthur Lydiard. How-
ever, regardless of the individual twists and quirks
advocated by individual practitioners, the underpin-
ning planning rationale is remarkable consistent.
Why? Essentially because they share a common
planning ancestor.

The historical context

So, what is this common heritage? Consider the simi-
larities between periodization philosophy and the
industrial and political planning approaches of the
early-to-mid 20th century; for example, the stylized
mechanistic planning approach typified by the works
of industrial theorists such as Henry Gannt and Fre-
derick Winslow Taylor. In particular, Taylor’s influ-
ential work The Principles of Scientific Management
applied strict scientific principle to the management
of the production industry. Taylor combined the sci-
entific knowledge of the day, his pioneering ‘time and
motion’ studies and what is best termed contempo-
rary management’s prejudice towards workers (‘all
we want of them is to obey the orders we give them’)
to construct the first great planning paradigm of the
modern era.

Taylor believed that there was a ‘one best way’ to
organize, manage and plan: that optimal practices
were deterministic in nature. In other words, once
optimal practices were uncovered, they remained
stable and did not change. Hence, once the ‘best’ plan
is formulated, all that’s required is for it to be
141
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repeatedly implemented. Taylor therefore believed
in the strict segregation of plan and process. Step
one, formulate the plan; step two, execute the plan.
Henry Ford readily embraced the principles of this
classical perspective, to the extent that this approach
was frequently referred to as Fordism. Scientific
management precepts were famously endorsed by
Lenin and Stalin and are considered by historians
to have been a formative influence on the Soviet
Five-Year Plans of the 1920s and 1930s.

A concern with this approach is that it is based on a
number of simplifying assumptions:

• Control of a limited number of factors controls
the behaviour of the system

• Progress is determined through measurement and
quantification

• Factors that are measurable are of greater
importance than those that are not readily
measurable.

Now, the problemwith this set of assumptions is that
‘what can be measured’ and ‘what’s important’
become confused (see the Introduction to this book).
Peripheral factors that are easily measured can
assume ill-deservedly elevated hierarchical positions.
Conversely, critical factors that are not readily quan-
tifiable tend to occupy a planning blind spot and may
be largely ignored. This presents a significant theoret-
ical weakness. For example, consider the gross inef-
ficiencies of the Soviet Five-Year Plans and China’s
Great Leap Forwards – all the hyperbole of strong
leadership, a firm direction, a motivated population,
simple, straightforward objectives. True, some objec-
tives were achieved, but not at an acceptable cost
considering the human collateral damage. Is this an
example of good planning with laudable firm resolve
or a grossly oversimplified interpretation of reality
bordering on criminal negligence?

The purpose of this diversion is to highlight the
fact that the early training planners were heavily
influenced by this historical planning template. So
in essence, when the Soviet training theorists sought
to construct training planning templates, they com-
bined the cultural planning blueprint (as per Taylor
and the philosophy of the Five-Year Plans) with
training records and contemporary scientific knowl-
edge. For example, the historically influential Mat-
veyev collated training data from the 1950s and
1960s, in swimming, running and weightlifting,
and applied these records to the pervasive mechanis-
tic planning blueprint. Thus the original periodized
concept was a reincarnation of the industrial planning
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template, with the same strengths, weaknesses and
assumptions.

In industrial and political planning domains, the
inefficiencies of such regimented approaches gradu-
ally became apparent. Today, the Ford Motor Com-
pany no longer manufactures cars in the strictly
segregated production-line fashion of Henry Ford’s
day. Similarly, modern governmental agencies realize
the dangers that assumptions and generalizations pres-
ent to project planning. In areas where many factors
interact to influence outcome, planning approaches
that ignore both minor and unmeasurable system
components are excessively vulnerable to error. Con-
sequently modern governments, policy makers and
industries, no longer employ rigid ‘reduce and resolve’
planning solutions. Unfortunately, physical training
principles may not have been examined with equal
rigour and, in consequence, may not have evolved
to quite the same extent.

Scientific support for periodization
planning

The next step in our investigation is to briefly review
the empirical evidence supporting the periodization
approach. Again, the published peer-reviewed liter-
ature emanates exclusively from sporting and
strength-training domains.

Stone and colleagues (1999a) reviewed 15 studies
of mesocycle length (7–24 weeks). 13 of these stud-
ies suggested that periodized models produced
statistically superior results in performancemeasures
when compared with models that consisted solely
of linear increases in training loads. However, in
the majority of these studies (11), there were no
controls in place to equalize measures of total work
performed. Consequently, intergroup differences in
derived training benefits may have resulted from the
differing training volumes performed. The authors
concluded that the review strongly suggested that
a periodized approach, even over a short term,
produced superior results, especially in previously
trained subjects, compared with constant-repetition
programmes (Stone et al 1999b).

In a similar review, Graham (2002) cites 10 stud-
ies demonstrating that periodized strength-training
models provided statistically significant improve-
ments in one or more of a variety of performance
standards when comparedwith linear non-periodized
models (Graham 2002). A more recent meta-
analysis comparing the effectiveness of periodized
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and non-periodized strength training programmes
concluded that periodized training structures were
more effective for bothmales and females, for indivi-
duals of varying trainingbackgrounds and for a rangeof
age groups (Rhea & Alderman 2004).

In one of the few studies that did not support the
efficacy of periodized training regimes, Baker et al
(1994) found no differences between an undulating
periodized group and a non-periodized control group
when volume and relative intensity were equated over
a short-term training period (Baker et al 1994). Simi-
larly, DeBeliso and colleagues (2005) concluded that a
fixed repetition strength training protocol was as
effective in promoting strength gains as a periodized
programme in elderly, untrained subjects.

In a rare training study of extended duration
(9months), Kraemer and colleagues (2003) compared
the effectiveness of two equitable volume training
schemes, demonstrating that the strength and motor
performance of female collegiate tennis players was
preferentiallyenhanced in theperiodized, as compared
to thenon-periodized, traininggroup.The authors con-
cluded that the superiority of the periodized training
protocol was a consequence of (1) the greater varia-
tion of training variables and (2) the periodic exposure
to higher training loads afforded by the periodized
nature of the programme (Kraemer et al 2003).

In recent years published articles have suggested
novel and creative derivations of the original period-
ized scheme (e.g. non-linear (Brown 2001, Rhea et al
2002), conjugate sequence (Plisk & Stone 2003),
block (Issurin 2008), and fractal (Brown & Green-
wood 2005)). Furthermore, Plisk and Stone
(2003) have inventively equated preparation
planning to concepts of game theory and advocated
the need for planned unpredictability within the
training programme (Plisk & Stone 2003).

In summary, the vast bulk of the published litera-
ture concludes that periodized is more effective than
non-periodized training. There have been studies that
have failed to demonstrate a significant benefit of per-
iodized over non-periodized structures. However,
these investigations typically have two design charac-
teristics in common: first, subject groups of low initial
fitness and second, a short time-frameof investigation.
Scientific validity

Based on the reviewed evidence it seems reasonable
to conclude that periodized planning models are
effective. However, there is an interesting point to
note here. Studies such as these are commonly pre-
sented as evidence of the efficacy of periodization
principles. However, this may be a somewhat over-
elaborate conclusion. What is strongly supported
is that training variation is a beneficial factor in
programme design, but the question of how this vari-
ation is best achieved remains largely unexplored.

This is worth noting, as the term ‘science of peri-
odization’ is one that frequently crops up in the
sports science and coaching literature. Unfortu-
nately, the use of such language portrays an illusion
of scientific propriety. It generates a sense that more
is known about training planning than is actually the
case; in short, that periodization principles have been
empirically validated. On the basis of the evidence so
far, the only valid conclusion to be drawn is that varia-
tion is an essential component of good training design.

A further point to note is the group-based nature of
both the training records upon which periodization is
justified and the empirical investigations offered as
proof. These group-based conclusions discount the
possibility that an individual’s response to any given
training input and/or method of organization may
vary widely from the average group response. As we
will see later, this assumption is called into question
by contemporary evidence. Other obvious but often
by necessity unavoidable limitations of such studies
are the use of subelite populations as subject cohorts,
the habitually short duration of training studies and
the lack of sensitive fitness assessment measures.

A final point before moving on: the term ‘periodi-
zation’ has become so ubiquitous in sporting parlance
that many now commonly neglect its original mean-
ing and use the term interchangeably with ‘training
plan’. Thus the term has the potential to conjure up
different interpretations for different practitioners.
This chapter will consider the term in its origi-
nally intended context as representing training
schemes that are segregated into sequential, distinct,
pre-planned training blocks.

Summary

So before we proceed, a quick summary of the key
points so far:

• Preparation planning throughout the physical
performance domains has been heavily influenced
by the historical culturally pervasive planning
paradigm

• The planning process is essentially an exercise in
stress management
143
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• The nature of the conducted periodization studies
means that current training philosophies for
individuals are heavily based on averaged, group-
based empirical data

• Regular variation of training parameters over the
course of the training programme is broadly
supported as a prerequisite of good planning

• Differing planning structures have been proposed
as means to providing appropriate training
variation. However, there is little empirical
evidence to aid discrimination between the worth
of the various schemes

• The principle of gradual progressive overload
appears an eminently sensible guideline.
However, the issue of whether or not progress
can be adequately modulated solely through
manipulation of training ‘numbers’ (sets, reps,
intensities, etc.) will be addressed later in this
chapter.

Is there a planning problem? If so,
how do we know?

That preparation planning models are in need of
refinement may be a contentious assertion. A stan-
dard defence against such an accusation is to point
to celebrated performers who have reached the
heights of their profession using conventional, peri-
odized preparation plans. Such reasoning is a very
understandable human reaction to visible facts.
However, despite its instinctive appeal, such ratio-
nale does unquestionably present a damaging logical
inconsistency. Employing isolated examples to sup-
port any stance, as is frequently the norm in perfor-
mance environments, is a one-sided and ultimately
irrational argument. A valid assessment of the worth
of any training scheme necessitates that both the
scheme’s successes and ‘failures’ be factored into
analysis. This peculiar aspect of human cognition is
pervasive throughout domains and has been exten-
sively documented elsewhere (e.g. Taleb 2005).
Accordingly, great care must be taken to avoid the
temptation to employ isolated individual examples
to confirm the worth of any planning scheme while
neglecting to consider all those who adhered to a
similar planning framework yet ‘failed’.

That a performer achieved previous success does
not provide evidence that this was the most efficient
preparation scheme. How can we know whether or
not following a different plan would have led to still
greater achievement? To less injury or illness? To a
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longer, healthier, more productive career? Our
inability to run counterfactual, alternative reality
strategies that originate from the same starting point
means that we cannot answer such questions.

Accordingly, in the absence of any direct ‘proof’ of
preparation planning problems, further exploration
of the topic requires consideration of two distinct
lines of indirect evidence. To shed light on the ques-
tion of whether or not training planning conceptions
would benefit from refinement, let’s consider the
problem from two perspectives. First, we will briefly
review evidence of planning problems in other
domains of human endeavour and second, we will
consider circumstantial evidence emerging from
within physical performance environments.

Evidence of a general planning
problem?

The pervasiveness of human planning inadequacies
has been extensively documented. High-profile
examples include the construction of Denver Inter-
national Airport (16 months late, costs 300% greater
than forecast), the development of the Eurofighter
jet (5 years late, $25 billion above predicted cost),
the Scottish Parliament building (3 years late, with
projected cost of £35million escalating to £414 mil-
lion) and, most famously, the Sydney Opera House
(a scaled-down version completed 10 years late, with
estimated costs of $7 million eventually amounting
to $102 million). What is startling about such exam-
ples is that these projects were not entered into
lightly and were not planned by inexperienced
amateurs short on resources, yet all still floundered
spectacularly. Military planners have often been
the butt of ridicule, yet planning in this domain
has typically been conducted by intelligent, highly
trained, highly experienced groups of individuals.
However, factual evidence indicates that, despite
high levels of resource, planning in such environ-
ments habitually goes awry. Exempting combat
examples, consider that the US General Accounting
Office estimated that only 1% of major military
high-tech purchases were delivered on budget and
on-time (Buehler et al 2002).

As far back as the 1950s, psychologist Paul Meehl
investigated discrepancies between expert clinical
prediction and prediction based solely on simple
mathematical formulas. His research revealed that
such basic methods of prediction almost always out-
performed those of clinicians. Meehl’s conclusion,



Box 10.2

Sample findings illustrating the extent of
overuse within physical performance contexts
• Overuse accounted for 37% of all injuries to Swedish

professional football teams (Waldén et al 2007)

• Half of over 500 elite junior figure skaters surveyed

reported repeat occurrence of overuse syndrome

(Dubravcic-Simunjak et al 2003)

• 64% of professional dancers need to stop performing
for extended periods due to overuse syndrome

(Shan 2005)

• In a retrospective study of a Swedish professional

ballet company, most injuries were considered
overuse in nature, and95%ofdancers suffered injuries

over the 5-year study period (Nilsson et al 2001)

C H A P T E R 1 0Planning for physical performance
that statistical prediction consistently outperforms
clinical judgment, has stood up extremely well for
over half a century. Surprisingly, Meehl also discov-
ered a sharp discrepancy between clinicians’ rating of
their personal performance and their actual record of
success (Meehl 1954).

Subsequent evidence of planning and predictive
inadequacies has been gathered across a spectrum of
domains, from large-scale governmental projects to
personal tasks such as completing Christmas shop-
ping. For example, when asked to predict how long
it would take to finish their honours thesis ‘if every-
thing went as poorly as it possibly could’, psychology
students significantly underestimated completion
time (Buehler et al 1994). Buehler and colleagues
(2002, p. 252), commenting on this and other work,
wrote: ‘Evenwhenaskedtomakeahighlyconservative
forecast, a prediction that they felt virtually certain
that they would fulfil, students’ confidence in their
time estimates far exceeded their accomplishments’.
In similar fashion, Newby-Clark and colleagues
(2000) found that asking subjects for predictions
based on realistic ‘best guess’ scenarios and for their
hoped-for ‘best case’ scenarios, produced indistin-
guishable results. This neatly illustrates that when
people think of their ‘most probable’ outcome they
typically envision everything going exactly to plan!
Ironically however, the empirical evidence suggests
that what actually happens is typically worse than
the predicted ‘worst case’ scenario. In fact, there is
a mismatch between our illusion of capability in
planning tasks and the reality of our documented
performance. This is commonly termed the planning
fallacy (Newby-Kahneman & Tversky 1979) and is
pervasive across domains and cultures.

In the most extensive examination of human pre-
dictive ability todate, PhilipTetlock of theUniversity
of California at Berkeley collated the precisely spe-
cified predictions of a large cohort of experts. This
20-year study involved 284 professionals, all of whom
made their livelihood through the prediction and
analysis of political and economic trends. All experts
were given regular lists of questions and asked to fore-
cast future outcomes. All had access to extensive
information, had extensive experience, had high
levels of relevant education and were considered lea-
ders in their respective fields. Yet, when the results of
the many thousands of predictions were collated, it
became blatantly obvious that their ability to predict
was universally poor. No single expert came remotely
close to being consistently right. In fact, only in cer-
tain cases were expert predictions better than what
researchers termed ‘dart-throwing chimps’ – in other
words, randomly generated guesses (Tetlock 2005).

Finally, in closing this quick review it is worth not-
ing that researchers have previously concluded that
it is impossible to find any domain in which humans
can outperform even crude predictive algorithms,
far less sophisticated ones (Grove & Meehl 1996).

Evidence of a specific performance
planning problem?

A line of circumstantial evidence that is suggestive of
potential planning inadequacies within performance
environments relates to the widespread proliferation
of the various ‘stress mismanagement’ syndromes
that plague performance domains.

Overuse injury has been defined as an imbalance
caused by overintensive training and inadequate
recovery leading to a breakdown in tissue reparative
mechanisms (Cosca & Navazio 2007). Overuse has
been identified as a major mechanism for injury in
a wide diversity of physical pursuits, e.g. multisport
athletes (Villavicencio et al 2007), cross-country
skiing (Smith et al 1996), elite Olympic weightlifting
(Calhoon & Fry 1999), professional soccer (Waldén
et al 2007), various dance disciplines (Bronner et al
2003, Brown and Micheli 2004, Garrick & Lewis
2001, Quirk 1994, Shan 2005) and professional bal-
let (Nilsson et al 2001). Some examples are shown in
Box 10.2.

Further evidence of potential programming
deficiencies comes from the variously labelled man-
ifestations of chronic imbalance between psycho-
physiological stress and recovery, such as staleness,
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burnout and overtraining syndrome. Previously, burn-
out has been described as a ‘psychological syndrome’
(Maslach & Jackson 1984) but it may be more appro-
priately considered a clinically complex stress-imbal-
ance condition of indeterminate cause with a range
of physical, psychological and social symptoms. Over-
training syndromehas beendefined as long-lasting per-
formance incompetenceduetoan imbalanceof training
load, competition, non-training stressors and recovery
(Smith 2003). In ballet, manifestations of burnout and
overtraining phenomena have been described (Koute-
dakis et al 1999, Koutedakis & Jamurtas 2004), and
staleness, burnout and overtraining syndrome have
all been identified as widespread problems among ath-
letes and sportspeople (e.g. Junge et al 2002).

The proliferation of stress mismanagement syn-
dromes throughout the physical performance domains
is certainly, in and of itself, suggestive of cultural
planning inefficiencies. The counterpoint to this argu-
ment is that, in high-performance settings, when both
body and mind are consistently being stretched to
their absolute limits, some form of physical or psycho-
physiological damage is inevitable. There is surely an
element of truth in this perspective: an inevitable
byproduct of negotiating fine margins of error is that,
occasionally, thresholds will be exceeded.

However, stressmismanagement need not be an in-
evitable byproduct of high-performance preparation.
This is effectively illustrated by a number of studies
that have successfully reduced the incidence of ‘stress
syndromes’ through the introduction of simple, easy-
to-implement management strategies (Box 10.3).
Box 10.3

Impact of programme management
interventions in reducing incidence of
overuse injuries
• Case management and an early intervention

programme reduced the annual number of

compensation cases from 81% to 17%, and
decreased the number of days lost by 60%, over

a 3 year time span in a professional corps de ballet

(Bronner et al 2003)

• A significant decrease (21%) in sports injury
incidence following an intervention based solely on

education and increased supervision (Junge et al

2002)

• Monitoring of ratings of perceived exertion has
previously been associated with avoidance of

under-recovery, e.g. in rowing (Maestu et al 2005)

and sprinting (Suzuki et al 2006)
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Why is preparation planning
so difficult?

Two strands of evidence have been presented thus
far, serving to question our current planning capabil-
ities and paradigms: specifically, the clear demon-
strations of the planning fallacy that have emerged
from studies within social, behavioural and cognitive
psychology, and also the provocative circumstantial
evidence of a proliferation of stress mismanage-
ment syndromes emerging from within performance
environments.

Inorder toevolve strategies to redress theobserved
planning deficiencies, wewill first need to unravel the
psychological and biological considerations that inter-
act to predispose to planning error.
Innate psychological considerations

An extensive literature has provided illustrations
demonstrating that, as a species, we universally strug-
gle with planning and prediction tasks (Fig. 10.1).
Paradoxically, in both the seminal work of Meehl
and the extensive study of Tetlock, experts with
the lowest rates of forecasting accuracy were simul-
taneously the very ones with the greatest confidence
in their predictive abilities. It would appear that this
misplaced overconfidence made experts increasingly
vulnerable to decision-making error. In contrast,
their less dogmatic peers, who resisted the tempta-
tion to employ the cognitive shortcut of predicting
the future exclusively on the basis of past observa-
tions and who refined their perspectives against
the emerging evidence, consistently outperformed
their more confident peers.

The key factors driving such behaviours are
innate, instinctive ego-protectivemechanisms, which
habitually rationalize our successes as resulting from
our superior intuition but failure as being conse-
quent to events outside our control (for more on this,
see Tetlock 2005).

A direct implication of this is that we commonly
fail to update our beliefs even when confronted with
contradictory evidence. An immediate implication
of such reflexive tendencies is that we frequently
fail to learn from past mistakes, because we fail
to self-critique dispassionately and in an unbiased
manner. As previously noted, ‘when faced with
the choice between changing one’s mind and prov-
ing that there is no need to do so, almost everyone



Fig. 10.1 • Kristan Bromley at the top of a skeleton

bobsleigh run – always a ‘hard to predict’ challenge. With

thanks to Kristan Bronley.
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gets busy on the proof’ (Gilovich & Griffin 2002).
However, research has also revealed that such irra-
tional tendencies can be overridden and consequent
decision-making ability enhanced. For example,
chess masters actively seek to falsify potential
next-move decisions. In contrast, experienced
novices primarily seek evidence that confirms the
perceived worth of their next move (Cowley &
Byrne 2004). In other words, masters sought to
objectively pick holes in their own theories, whereas
novices sought evidence that positively supported
their initial opinions.

Within the literature, our planning and prediction
limitations are commonly attributed to a number
of innate psychological traits. Tetlock (2005) has
described four key contributing factors:

• A strong preference for simplicity

• An aversion to ambiguity and dissonance
• A deep-rooted need to believe we live in an
orderly world

• A lack of appreciation of the laws of chance.

These cognitive characteristics are most commonly
explained as a consequence of our evolutionary past.
Simple, rule- based decision making is highly func-
tional in environments where survival is dependent
on quick, instinctive, fight-or-flight-based choices.
Accordingly, there is a discrepancy between the
nature of the problems that now confront us and
those that evolution equipped us to solve. Our
performance suffers when faced with convoluted,
multifactorial problems, as we are fundamentally
deterministic thinkers with a demonstrated aversion
to probabilistic reasoning (Tetlock 2005). The sig-
nificance of this problem is illustrated by a report
by the US Institute of Medicine estimating that
between 44 000 and 94 000 patients die each year
in US hospitals as a result of medical error (Institute
of Medicine of the National Academies 1999), and
major causes of error in medical decision making
have been identified as physicians’ lack of compe-
tency in probabilistic reasoning and a faulty concep-
tual knowledge (Patel 2000). Accordingly it would
seem that, as previously noted, ‘our brains are made
for fitness, not for truth’ (Pinker 1997). We actively
seek out simple, straightforward answers. Such a
habitual preference for simplistic, rule-based deci-
sion-making is a predisposition that is especially
exposed when we attempt to plan in unpredictable,
complex environments.
Biological complexity – a further
complication

An essential requirement for any efficient planner
is a conceptual model that is optimally reflective
of the true nature of the system under consideration.
Put more plainly, in order to plan effectively there
must be an incisive understanding of how the sys-
tem works. If the conceptual model, or paradigm,
for understanding the system is flawed, then all
subsequent decision making will be compromised.
In relation to performance planning, the most obvi-
ous system to consider is the performer’s biological
system.

The predominant historical model for concep-
tualizing biological function has been the mecha-
nistic paradigm. This mechanistic conception of
‘human being as machine’ is widespread and deeply
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ingrained in our conceptual system (Karaliute 2007).
This classical perspective depicts the biological sys-
tem as analogous to a well maintained, well oiled
machine. Accordingly, the covert conceptual lens
through which we have historically rationalized
human functioning envisions our biology as a highly
intricate, advanced but ultimately mechanical
system.

If the biological system is indeed characterized by
machine-like functioning, then enhancing perfor-
mance is a relatively straightforward process.
Mechanical systems are predictable, with stable
functioning in which a known intervention results
in a predictable output. When dealing with mecha-
nistic systems we can use linear, deterministic logic
to derive appropriate plans. In such circumstances,
periodized training schemes would be eminently
sensible. Frustratingly, however, reality intervenes
to spoil the party.

One of the great tectonic shifts in science over
the course of the 20th century was the realization
of the explanatory inadequacies of the mechanistic
world-view when applied to real-world systems.
This shift was not sudden, nor can it be accredited
to the work of any single person or scientific dis-
cipline. In a slow, meandering journey that started
in physics and mathematics in the late 19th century
and progressed through various scientific disci-
plines, mechanistic concepts have gradually been
supplanted by a more reflective paradigm that has
only recently been embraced by biologists and the
medical professions.

The term ‘complex adaptive system’ was coined
to describe systems that are composed of multiple
component subsystems that interact in non-linear,
non-periodic and non-proportional ways. These sys-
tems are adaptive, as they undergo temporary or per-
manent modification in response to imposed stress.
The global behaviour of such systems is impossible to
track in terms of its elements and so, unlike the sim-
ple ‘billiard-ball’ systems of classical mechanics,
complex adaptive systems cannot be decomposed
to a series of proportionate cause and effect reac-
tions. Chaotic properties are a fundamental compo-
nent of complex systems. Many have encountered
chaos theory primarily through the butterfly meta-
phor. However, chaotic systems are not necessarily
chaotic, and the butterfly metaphor is not very
good at explaining how such systems work. Much
of the time, chaotic systems remain relatively stable.
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In fact, it is a hallmark of such systems that imposed
shocks reverberate through the component sub-
systems and are dissipated throughout the network.
Accordingly, such systems are typically robust to
perturbation.

However, this is not the case if the system is suf-
ficiently delicately poised. In this condition, a single
minute occurrence may be all that is necessary to
push the system past its tipping point. Alternatively,
the ripples of a number of seemingly innocuous
occurrences may interact, being exponentially ampli-
fied as they propagate through the system, eventually
resulting in large-scale disruption. There is a bifurca-
tion (a dramatic and sudden change) in behaviour.
Minor episodes can rapidly mushroom into major
events. As we have no means of adequately assessing
current states of the component subsystems, of
knowing which are the most important subsystems
or of unravelling the dynamic relationships between
the subsystems, a defining feature of complex adap-
tive systems is that future behaviour is impossible to
predict.

Consider weather systems: despite the meticu-
lous study of meteorology, despite all the technical
advances and efforts of scientists and space agencies,
we will never have complete predictive capability.
Why? Because we cannot measure to a fine enough
scale, because infinitesimally small measurement
errors can rapidly upset any prediction and because
the various component elements of weather systems
interact in complex and unpredictable ways.

The current global credit crunch offers an excel-
lent example of how the behaviour of a seemingly
stable, ‘tamed’, complex adaptive system can rapidly
and unpredictably diverge from the expected path.
Complete control of such systems is ultimately
illusory. We can influence, we may nudge in a given
direction but we cannot completely regulate and
hence need to be aware of the pitfalls and avoid
complacency.

One of the hidden implications of the mechanis-
tic perspective of biology is that appropriate plans,
and appropriate solutions can be advance-planned
through a process of deduction and prediction.
However, in the light of complexity theory it is evi-
dent that this would require an extensive knowledge
of the innumerable causal connections that exist
between the components of the system, a knowl-
edge that clearly does not exist (van Regenmortel
2007).
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Evidence of biological complexity?

A defining characteristic of periodized training plans
is the implicit assumption of stable, cyclic, under-
pinning biological processes. For example, consider
the rationale supporting the logic of fixed duration
planning blocks. Themost prevalent scheme, as docu-
mented in the published literature, organizes training
programmes into phases of 4 weeks’ duration. Plisk &
Stone (2003) cite the rationales of three noted
periodization theorists in advocating 4-week cycles:

• To correspond with natural monthly biocycles
(Matveyev 1972)

• To correspond with the half-time of training
effect involution (Viru 1995)

• In order to super-impose delayed training effects
(Zatsiorsky 1995).

Such rationale was eminently logical given the level of
insightprovidedbythemechanisticmodel ofbiological
functioning. However, if we consider this rationale
through the lens of the complexity paradigm, a very
different picture emerges. It is without question that
distinct but mutually interactive biological rhythms
underpin all aspects of the human life cycle, health
and response to applied training stress.

Consider: complex bodily rhythms are ubiquitous
in all living organisms (Glass 2001). Organisms have
evolved timing mechanisms, commonly referred to
as biological clocks, that assimilate cues from multi-
ple sources and modulate oscillations accordingly
(Rensing et al 2001). These rhythms interact with
eachother through myriad feedback and feedforward
linkages while also being subjected to the influence of
environmentally generated cues and perturbations. It
is the seemingly orderly behaviour emerging from
this multiplicity of interactive, fluctuating con-
straints that characterizes the functioning of complex
biological systems (for further review, see Foster &
Kreitzman 2005).

The interactive effects of various forms of stress
have been shown to affect biological functioning.
For example, emotional stress has been observed
to downregulate the immune system (Aubert
2008, Rogers et al 2001, Venkatraman et al 2000).
Loneliness has been established as a predictor ofmor-
bidity andmortality (Cacioppo et al 2002). Sleep dis-
ruption has been shown to have substantial
negative effects on a range of capacities such asmotor
and cognitive performance, mood, metabolism,
hormonal health, and immune function (Ferrara &
DeGennaro 2001, Himashree et al 2002). Academic
stress has been noted to have a negative effect on the
mood scores of swimmers (Carl et al 2001). Mood
has been shown to affect the training performance
of cross-country skiers (Mahood et al 2001) and
personal, economical, psychological and physical
factors have been proposed to increase the stress
levels of ballet dancers, resulting in elevated injury
risk (Kelman 2000).

As a further illustration, consider the variety
of factors that have been demonstrated to affect
the release characteristics of the androgenic hor-
mone testosterone. Observed patterns of testoster-
one release have been variously noted to modulate
in males in response to the time of day (Bird &
Tarpenning 2004), week, month and female part-
ner’s cycle (Hogg 2002), in response to cycles of light
and dark (Luboshitzky 2000, Takagi 1986), in accor-
dance to ratings of work satisfaction (Axelsson et al
2003), in response to motivational and assertiveness
levels (Schultheiss et al 1999, Schultheiss & Rohde
2002), and in response to training stress (Filaire et al
2003).

In summary, the body of evidence demonstrating
the mutual inter-connectivity and inter-activity
between psychophysiology, cognition, emotion, brain
function, and genetic predisposition continues to
grow, emphasizing both the extent of biological com-
plexity and the limitations of mechanistic conceptual
frameworks (for review, see Lovallo 2005).

Biological complexity and physical
fitness

Physical fitness is influenced by a variety of environ-
mental and genetic factors. Consider the evidence
emerging from the HEIRITAGE Family Studies, a
linked series of investigations focused on uncovering
the genetic underpinnings of individual responses to
exercise and disease risk factors.

Studies have demonstrated a considerable hetero-
geneity in the responsiveness of individuals to regular
physical exercise (Bouchard et al 2000). For exam-
ple, training induced changes toVO2max were estab-
lished to vary widely among subjects in response to
identical training parameters. High, medium and low
responders existed among all age groups, in both
sexes, among blacks and whites and at all levels of
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initial fitness. When VO2max was adjusted for age,
sex, body mass and composition; genetic factors
explained about 40% of interindividual variation.
The average increase in VO2max was 19% but it
was the range of training responses that was truly
surprising. 5% of subjects had no change in VO2max
consequent to training and 5% had an increase of
over 50% (Skinner et al 2001). Of course, it must
be noted that subjects were previously untrained.
Nevertheless, such extremes of outcome in response
to identical training parameters serve to illustrate
the uncertainty associated with any attempts to fore-
cast the effects of prescribed training interventions.

Elsewhere, an investigation employing a cohort
of professional rugby players established that pre-
scribed resistance training sessions produced a range
of individually-specific hormonal responses in sub-
jects (Beavan et al 2008a). Individuals with broadly
similar training backgrounds responded differently to
the same training stress. Individual players were high
responders to a certain session but not to another,
while team-mates displayed the opposing pattern.
In an aligned study, the hormonal responses of
players to four differing resistance training sessions
were determined. Then, in a 3-week crossover design,
players alternated between the sessions that elicited
their maximum and their minimum testosterone
responses. All players demonstrated significant gains
in strength after 3weeks of training using the protocol
that elicited their maximum testosterone response.
In contrast, when subjects performed the protocol
that occasioned their minimum response, either no
change or a significant decline in tested strength
measures resulted (Beavan et al 2008b).

When we consider these converging streams of
evidence, it seems logical to conclude that adapta-
tion, and consequent retention, rates of differing
aspects of fitness are highly individual-specific.
Taken as a whole, the presented evidence suggests
that any training loading interacts with intrinsic
and environmental factors to occasion a unique
adaptive response.

The key mutually interactive factors dictating
this response are:

• Training loading parameters

• Genetic inheritance

• Transient states of biological functioning

• Habituation to previous stress exposures
(i.e. training history)

• Transient psychological states

• Transient social and environmental factors.
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Accordingly it can be concluded that:

• Identical training parameters will always elicit a
unique adaptive response for each individual

• An individual will respond uniquely each time
identical training sessions are repeated

• Generalized conclusions from group-based
observations may be seriously misleading in
guiding individual training

• It is highly improbable that there are universal
‘best’ loading schemes for any given pursuits or
objectives.
How should we cope? what
can we do?

Design and management of dynamic
adaptive preparation planning
systems

To err is very definitely an unavoidable aspect of the
human condition. However, it is also within the com-
pass of human ingenuity to create solutions, find
alternative ways of working and devise strategies
serving to offset human planning and decision-
making errors. An understanding of the factors at
the root of our habitual planning inadequacies per-
mits the formulation of such pre-emptive strategies.
Training theorists whose work contributed to the for-
mulation and popularization of periodization con-
cepts were certainly intelligent, experienced and
insightful. Their conclusions were eminently sensible
when contextualized against the pervasive concep-
tual frameworks and knowledge base of the past.
However, our exploration and synthesis of relevant
emerging evidence thus far highlights a number of
conflicts between current scientific knowledge and
traditional practice.

Specifically; three critical assumptions of the tra-
ditional periodization planning model are challenged:

• It is possible to predict the effects of any given
training intervention and/or training
organizational structure

• It is feasible to optimally advance plan preparation
programmes

• Prescribing training in empirical terms is an
adequate means of controlling imposed stress.

In the discussion thus far we have shown the
mismatch between our innate predisposition for



C H A P T E R 1 0Planning for physical performance
rule-directed, pre-formed planning solutions and the
complex reality of the planning problem. Evidence
from other planning pursuits, as well as circumstan-
tial evidence from within performance domains, has
been offered to illustrate the potential consequences
of this mismatch. Accordingly, the challenge of
appropriate planning has shifted from a process of
mathematically manipulating and segregating future
training into preformed schemes to the design of
dynamically adaptive training systems.

Consequent refinements to convention can be
categorized under the following four headings:

• Paradigm

• Process

• Planning structure

• Prescription.

Paradigm

The planning paradigm is the conceptual model, the
implicit set of assumptions and core beliefs that
defines our framework for understanding the
planning task. A clearly defined conceptual knowl-
edge is an essential aspect of appropriate planning
decision making.

Within this chapter, strands of evidence question-
ing habitual planning perspectives have been exam-
ined. The key conceptual sources of error may be
broadly summarized into two sections; human cogni-
tive limitations and the underlying task complexity.

Human cognitive limitations

Awareness of our human fallibility in forecasting and
predictive realms should foster a healthy planning
and decision making paranoia. Recall the evidence.
Despite having an extensively documented poor
track record in planning and predictive tasks, simul-
taneously we have a demonstrated tendency to be
over-confident in these pursuits.

This over-confidence, our habitual over-commit-
ment to favoured strategies, our ingenuity in rationa-
lizing inconvenient facts in ways that deflect self-
critique, are all factors that limit learning from, and
predispose towards, repeated error.

These peculiarities lead to an evident para-
dox. The values we typically admire in ‘experts’ –
assertiveness, undoubting self-belief and an unswerv-
ing confidence – are the very characteristics that
appear to predispose to decision making error. Yet,
ironically, the evidence suggests that our predictive
confidence when functioning in complex environ-
ments is unjustified and ultimately delusional. There
is an evident dissonance in that the values we
find laudable in decision makers are not necessarily
those that facilitate good management and planning.
This presents a conundrum to those responsible for
directing physical preparation programmes; an appar-
ent contradiction between cognitive approach and
self-presentation style. On one hand there is the cau-
tious, questioning, consultative, consistently check-
ing and re-checking, cognitive style required to
enable good planning decision making; on the other,
the confident, assertive and self-assured facade nec-
essary to engender performer trust, generate expec-
tation and strengthen commitment to the chosen
path.

Understanding our innate reasoning tendencies
is an important first step in conquering them. While
we cannot re-write our evolutionary programming,
we can be aware of our habitual cognitive blind-spots
and devise remedial strategies.
Underlying task complexity

Within this chapter we have uncovered evidence of
a mismatch between, on the one hand, our innate
desire for parsimony, simplicity and explanatory clo-
sure, and on the other, the inherent complexity of
the preparation process. When faced with complex
reality, the human mind rationalizes the threatening
unpredictability of the environment by searching for
observable patterns. When patterns are observed,
‘rules’ are extrapolated. Review of periodization
rationale clearly illustrates the covert shaping influ-
ence that this mechanistic philosophical legacy has
exerted on training planning philosophies. Simplistic
questions, eliciting simplistic answers: What is the
ideal duration of a training phase? How long is the
optimal taper? How frequent, how hard, how many,
what percentage of maximum? Broad, generalized,
averaged answers offered as solutions to individual-
specific and context-specific problems. Much of
physical performance science has been absorbed in
this quest for ‘golden’ rules, focused on uncovering
idealized solutions, uncovering the ‘answer’. If we
truly were mechanical systems, this approach would
be valid. However, yet again reality fails to cooperate.

The complex, highly sensitive, nature of the
biological systemwill ensure that the progress of phys-
ical fitness will not be an orderly, uniformly incremen-
tal, predictable process. The adaptive responses to
any given training ‘input’ will not result in a readily
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predictable fitness ‘output’. An approach that proved
successful for one individual will not necessarily
work for another, and what worked for an individual
in the past may not work for them in the future.
Furthermore, and critically, you cannot determine
the most appropriate strategy in advance. Consider
this: would you buy next year’s shoes for your
9-year-old child based on the average shoe size for
10-year-olds? Of course not! You would be relying
on a very broad predictive algorithm based on aver-
aged observations with large sample deviations. What
you would do is wait until the child is 10, measure
their feet, and buy a pair of shoes that you know
will fit. You would also monitor the fit carefully as
your child grew, to anticipate and avoid the problems
inherent in unforeseen and sudden changes in growth.
Responses to training are infinitely more variable, less
predictable and more subject to change over short-
time scales than a growing child’s foot-size. So why
wouldwe assume thatwe can prescribe future optimal
organizational schemes, training modes or loading
variables?

The traditional planning model presents sweeping
generalizations in relation to the ‘best’ structure, phase
duration, sequential order, offering planners idealized
training solutions. Although periodization theorists
have variously championed and debated the relative
worth of differing organizational schemes, the evi-
dence suggests that such arguments are, to a large
extent, irrelevant. Rather than searching for notional
universal ‘best’ answers that are then cobbled together
to formulate plans, a more perceptive approach is the
design of processes that facilitate the emergence of
context-specific training solutions.

The key take-home message is that automated
planning approaches ignore the extreme specificity
arising from individual biological systems interacting
with ever-changing, dynamic contexts.
Fig. 10.2 • Support specialists in action. Rally driver

Giovanni Bernacchini making last-minute checks with his

engineer. ã Stobart Motorport. With thanks to the Royal

Automobile Motor Sports Association.
Process

Earlier in the chapter it was suggested that tradi-
tional training planning approaches were directly des-
cended from the historically pervasive mechanistic
planning paradigm. There are a number of hangovers
from this formative philosophy still readily apparent
in modern training planning conceptions. Recall that
Taylor’s conception of planning was essentially ‘plan’
then ‘execute’. This approach promoted rigid adher-
ence to the plan, and devalued the importance of
review and revision. Consequently, sticking to the
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plan was considered an ideal to be aspired to, and
deviating from the plan was ultimately a sign of
weakness.

Although classical articles on periodization have
frequently made reference to the need for flexi-
bility, it tends to be treated more as a necessary evil
than a virtue to be embraced: a sometimes unavoid-
able, frustrating deviation from the chosen path.
However, a main thrust of this chapter is that the
correct path cannot be chosen ahead of time. Accord-
ingly, what now takes on added significance is the
design of a sensitive and responsive preparation
process: sensitive to emerging threats and opportu-
nities; responsive so as to enable swift modification
of training in order to alleviate risk and capitalize
on unforeseen progression.

The following are offered as hallmarks of a sensi-
tive and responsive training process.

Information gathering

Information that is relevant to organizing and
planning preparation can be collected through both
formal and informal means and should include the
collation of both objective and subjective data (Fig.
10.2). The worth of performer-generated subjective
information has surprisingly been largely ignored
within the traditional periodization literature. This
should be considered a major oversight, essentially
neglecting the primary source of pertinent feedback,
i.e. the performer him/herself. The value of subjec-
tive feedback as a training modulating factor has been
clearly demonstrated elsewhere in the literature. For
example, a clinical diagnosis of an athlete’s state of
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stress and recovery is possible through consideration
of relevant subjective parameters (Steinacker & Leh-
mann 2002). Various tools for eliciting such informa-
tion have been offered in the literature, e.g. the
Profile of Mood States (Armstrong & VanHeest
2002), Recovery-Stress Questionnaire for Athletes
(Kellmann & Kallus 2001), Mental States of Readi-
ness and Satisfaction (Hogg 2002) and the Psycho-
behavioural Overtraining Scale (Collins 1995). In
order to optimize the efficacy of such protocols,
the performer should be fully aware of the purpose
and rationale underpinning subjective data collec-
tion. Furthermore, accuracy of subjective ratings is
likely to be greatly enhanced by clear definition of
rating systems, and consistent application.
Trend analysis

The belief that effective preplanning is possible, that
adherence to preplanned schemes is desirable and
that plans may be adequately described in sparing
empirical terms creates a system that is particularly
insensitive to what may be termed ‘weak signals’.
Weak signals may be considered low-level back-
ground information that may herald future major
changes in function. These bifurcations in behaviour
may take the form of unexpected favourable shifts
in condition that may present unforeseen training
opportunities or may provide early indication of ele-
vated risk. For example, muscular strain injuries may
be preceded by persistent localized fatigue, which in
turn may only be detected through a process of reg-
ular information gathering and routine in-training
‘readiness’ assessments.

Failure to respond accordingly to pertinent low-
level information is likely to increase the prospect
of unfavourable outcomes such as illness, injury
and under- or overloading. Hence system sensitivity
to weak signals facilitates the pre-emption and avoid-
ance of potentially unfavourable events and enables
the adaptive readiness necessary to respond and cap-
italize on unforeseen opportunities. An unforeseen
training opportunity may take the form of an unpro-
jected improvement in training performance, which
in turn may facilitate the positive readjustment of
training goals.

Within the sports science literature, much time
and energy has been devoted to finding reliable mar-
kers of physiological function, variables that may
serve as indicators of the performer’s readiness to
train. The uncovering of such markers would greatly
enhance the preparation process.
Although many objective markers have been
investigated, none have proved to be universally
applicable. When we look at the problem from the
perspective of biological complexity it makes sense
that such a ‘one size fits all’ measure would prove elu-
sive. In addition, given the range of both inter- and
intraperformer variation, coupled with the diversity
of demands of the various performance pursuits, the
search for a single definitive marker may ultimately
be unrealistic.

However, what does suggest itself as a perceptive
and practical way forward is the collation of both
objective and subjective information and the periodic
trend analysis of such data. The linking of a number of
low-level ‘weak signals’ may pre-empt future
biological events more effectively than any single
marker. Linked indicators are likely to vary on both
a discipline and on an individual basis, and yet again,
frustratingly, we are unlikely to be able to predict
which trends are most critical until we have longitu-
dinally collated and analysed the data. Hence what is
required is an attention to recording detail, regular
review of training and performance trends, and an
ongoing search for clues. Ultimately, the effectiveness
of the training process is likely to be largely dictated
by this capacity to readily anticipate positive or nega-
tive trends and adapt accordingly (see Table 10.1).
A final point of note: when operating in complex envir-
onments it is very difficult to learn unless, first, we
observewith an openmind as devoid as possible of pre-
conception and, second, we have some definitive
means of checking projections against outcomes. In
performance training contexts, the collation of a broad
range of subjective and objective data and the conse-
quent trend analysis of this information is the best tool
available to provide such sorely needed reality checks.

To summarize:

• Data collection and trend analysis should be an
integral part of the training process

• It takes time to build a coherent picture. For data
collection to be optimally useful it needs to be
conducted over prolonged periods so that trends
can be identified and tracked

• Introduce data collation from the start of the
training process; it is too late when injury, illness
or overtraining have already occurred

• Use training data to learn lessons. Check
projections against outcomes

• Establishing trends may prove helpful in
determining appropriate endpoints for return to
exercise programmes following injury or illness.
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Communication, consultation
and challenge

Optimized communications are an essential compo-
nent of any effective management process. Accord-
ingly, due consideration must be given to enhancing
networking between the performer, the training
director and performer-centred support team. Every-
day communication checks should promote clarity
throughout the team:

• Is the performer clear on why they’re doing what
they’re doing?

• Does the performer understand exactly how a
certain mode of training should feel?

• Is the performer confident of the efficacy of
conducted training and on how trainingmodes will
positively impact on future event specific
performance?

• Is the support team clear on their responsibilities
and the expectations placed upon them?

• Is the language used to communicate critical
concepts shared, clear, and precise? Are you sure?
Check and recheck!

In complex environments there are always innumer-
able potential perspectives on the best way forward
and innumerable ways to justify a preferred course of
action. Therefore it is important that, in exploring
the worth of a proposed way forward, the training
director seeks dissonant, rather than concurring, per-
spectives. As a protocol, this may take the form of
asking support team members to play devil’s advo-
cate in critiquing proposed training plans; perhaps
reversing roles and arguing opposing positions may
prove a useful strategy. External consultants can
also offer a new perspective and honest appraisal
without the reticence frequently demonstrated by
team members. Whatever strategies are employed,
it should be borne in mind that the greatest learning
opportunities are unlikely to emerge through the
vision of a single mind or, indeed, through cosy agree-
ment among group members who share strongly
held but similar convictions. Instead, appropriate
solutions are more likely to evolve through informed,
un-entrenched debate and consideration of differing
perspectives. In environments where human learn-
ing is severely curtailed by our tendency to seize
on the first available perceived pattern and from then
on to see only confirming evidence, dissonance is
the friend of learning.

These approaches support the use of case confer-
encing and other methods highlighted in Chapter 24.
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Directors, managers, coaches and senior staff all
need to play a part in developing a performance
culture that optimizes benefit from this kind of
communication.
Built-in review and revision

Traditional project planning and management tools
can frequently deal with minor uncertainties in rela-
tively stable environments. In more dynamic envir-
onments, conditions may rapidly evolve beyond
the assumptions made in preplanning, requiring
major deviations from the path initially selected.
Consequently, rigid planning strategies designed
solely on the basis of ‘hoped-for’ or most likely out-
comes, which do not incorporate mechanisms
enabling swift modification, are unlikely to yield
optimal results. Given the unpredictability and cha-
otic behaviour of biological systems, contingency-
planning processes should be considered an impor-
tant component of preparation planning.

Performers and team members should be aware
that regular review and training redirection is a neces-
sary and planned aspect of effective planmanagement.
Planning structure

The implications of biological complexity suggest
there is little if any logical rationale supporting the
existence of universal ‘best’ phase duration. How-
ever, this does not necessarily imply that pro-
grammes should not be planned in segmented
blocks. The keypoint is that phase duration should
be decided on the basis of logistical constraints and
not on any perceived biological imperative. Accord-
ingly, if it suits the specific logistical situation, or a
particular performer’s preferred approach, or just
happens to make the most sense for a specific period,
then planning in blocks may be a judicious solution.
However, most convenient does not necessarily equal
optimal: the longer the time-lag between review and
redirection, the greater the uncertainty. Therefore it
would appear sensible to review and debrief training
progress on a routine and regular basis and to refine
training direction accordingly on as frequent a basis as
logistically feasible.

Training monotony has been proposed as an
important concept in the management of training
plans (Bosch & Klomp 2005, Foster 1998, Kreider
et al 1998). Monotony has been defined as the
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variability of practice over the course of a season
(Anderson et al 2003) and is suggested as a train-
ing error that increases the risk of overtraining
syndromes (Kellmann 2002). High training monot-
ony has been linked to poor performance and an
increased frequency of banal infections, whereas a
reduction in monotony was related to attainment
of personal best performances (Foster & Lehmann
1997, Suzuki et al 2003). Accordingly, an index
of training monotony, calculated using performer
ratings of perceived exertion, has been employed
as a useful training-monitoring tool in rowing (Suzuki
et al 2003) and sprinting (Suzuki et al 2006).

Long-term physical training schemes that do not
provide sufficient diversity of both loading and
movement characteristics are likely to expose perfor-
mers to heightened risks of stress disorders. For
example, in ballet, evidence suggests that supple-
mentary (non-ballet) training led to improvements
in fitness parameters and reduced injury occurrence
without interfering with key artistic and aesthetic
requirements (Koutedakis & Jamurtas 2004). Koute-
dakis & Jamurtas suggest that, even at the height of
their professional careers, dancers’ aerobic power,
muscular strength, muscular balance, and bone and
joint integrity are the ‘Achilles heel’ of the dance-
only selection and training system.

Consequently, it would appear sensible to mini-
mize training monotony. However, it is important
to recognize that occasionally concentrated phases
of replicated training stress may serve to induce rapid
development of a particular fitness component.
Conversely, it should also be noted that, if training
is too widely diverse for extended periods, then gains
in fitness parameters are likely to be blunted. Hence
there is an evident trade-off that must be negotiated
and a delicate balance that must be struck between
training monotony, training variation and diminish-
ing training returns resulting from habituation to
an unvarying training stressor. The most percep-
tive solution to this trade-off problem is once again
to adopt a sensitive and responsive management
approach. The effective training process will moni-
tor, record, gather relevant information, analyse
the trends, and can thus facilitate informed training
decisions (see Table 10.1).
Prescription

A hypothetically ‘ideal’ training load is one that occa-
sions the greatest performance adaptation at the
lowest possible cost in terms of energy, residua
fatigue and risk of injury. If training load is too
low, minimal or suboptimal adaptive response
results; conversely, if load is too great then some
form of damage will occur. Traditionally, training is
prescribed solely using empirical descriptors. How
many sets, how many times, at what numerica
expression of intensity?Given the extent of biologica
sensitivity explored earlier, prescribing training in
such terms must be considered a crude attempt at
providing the precision required in gauging optima
loads. In essence, this approach can be seen as
attempting tocontrol theadaptationofaverysensitive
system using a technology that is grossly insensitive.

But perhaps the advance planning of ‘ideal’ training
parameters is not always necessary? For many sessions
a crude prescription is adequate. Recall that it is the
nature of the chaotic biological system to buffer
shocks, to self-organize to accommodate stress; our
biology is remarkably able to absorb and adapt. So
unless the capability of a performer is grossly over-
estimated then an inappropriate imposition of stress
for a single session, will be accommodated. However
during periods of elevated stress, the capacity of the
system to cope is pushed to its limit. The investment
of both physiological and psychological resource is
substantial and draining. Though the potential gains
are high, so too are the potential risks. In such
circumstances optimally accurate prescription and
management of training takes on an added significance

Similarly, slight but chronic training errors may
insidiously creep ever closer to critical threshold
levels. Maybe hormonal health is compromised
perhaps immune function is gradually suppressed
muscular biases, imbalances and irritations grow
The pressure of a confluence of negative changes
in several factors may gradually mount and, unless
this pressure is vented, illness or injury will inevitably
result.

A counterclaim to this charge may be that such
means of prescription are the only available option
and that performers are not expected to stick rigidly
to the plan as presented on paper. However, the plan
does set the tone. It does serve to constrain the field
of possibilities.

A final implication of the traditional numerica
means of prescribing training is its surreptitious insin-
uation that conforming to empirical preplanned vari-
ables is important. Such a perspective promotes the
fallacy that non-adherence to empirically prescribed
preplanned loading is a form of failure, essentially a
sign of weakness. It would appear likely that such a



Box 10.4

Characteristics of an effective dynamic
adaptive planning system
• Appropriate conceptual model

• Optimized systems functioning

• Shared objectives and ethos

• Communications and networking

• Organizational learning

• Data collation and trend analysis

• Logistical planning constraints

• Optimized contact time with training director and

access to support team

• Experience and relevant education of performer

• Frequent consultation, review, debrief and

redirection

• Minimized planning horizon

• Practical delivery

• Contingency planning and preparatory strategies

• Provision of Focused Diversity (Monotony V’s

Variation trade-off)

• Subjective/objective monitoring combinations

• Cross-referenced training prescription

• Optimized system sensitivity and responsiveness to
emerging threats and opportunities

S E C T I O N T W O Provision (of support)
belief structure is at the root of prevalent issues such
as overtraining, burnout and staleness.

What can we do? Simple tools
for dynamic adaptive planning

The implications of the evidence presented, and the
key thrusts of this chapter, are essentially threefold:

• Each planning task presents a distinct challenge,
and hence optimally efficient planning solutions
are inevitably unique and cannot be empirically
pre-planned

• The unpredictability inherent in the physical
preparation process demands that expectations
are consistently monitored against the progress
data. Hence, information gathering and insightful
assessment tools should be considered a
fundamental component of appropriate planning

• Traditional periodization concepts founded in
deterministic logic can no longer be considered
scientifically valid. Instead, training planning is
more appropriately perceived as the design of
systems that facilitate the evolution of optimal
training structures based upon emerging
information and challenges (Box 10.4).

As exemplars of ways to meet these challenges, con-
sider Table 10.1, which presents a sample menu of
various monitoring tools, many of which have been
previously advocated in the literature. These tools
are being offered solely as examples of easily applied
subjective/objective assessments. To reiterate a pre-
vious point, use of any of these tools in isolation is
likely to be less effective than the use of monitoring
combinations. As with all the key messages in this
chapter, indeed in this book, appropriate solutions
can only be unravelled after exploration.

The prescription of training variables is an aspect
of traditional practice that may also benefit from
additional precision. Consider the following: in a
previous survey, investigators examined the relation-
ship between the training prescribed by 123 coaches
and the self-reported training of their best runners
(Hewson & Hopkins 1995). The results illustrated
that the association between the coach’s prescription
and the actual training performed by the runners was
generally poor. This was attributed to insufficiently
clear communication between coach and athlete.
Athletes did adhere to the coach’s prescriptions
with regard to training volumes but the intensities
described by the coaches and performed by the
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athletes were substantially different. Similar findings
have been documented in swimmers (Stewart &
Hopkins 2000).

A practical means of optimizing clarity in the com-
munication of training intensities is through triangu-
lation of training variables. In other words, for any
desired training adaptation, appropriate training
descriptors are cross-referenced. For example, this
is how much work should be done, this is how the
work should feel and this is the necessary quality
of execution. (Compare this with the idea of perfor-
mance criteria described in Ch. 23.)

The triangulation of variables enables a more accu-
rate prescription of training parameters, thus helping
to eradicate some of the pitfalls inherent when
describing training loadings in solely empirical, unidi-
mensional terms (Table 10.2).

Summary

The objective of this chapterwas to provide an appreci-
ationofbothpsychologicalandbiologicalconsiderations
that affect our ability to formulate and manage
preparation plans. It is clear from the arguments and



Table 10.1 Some suggested monitoring methods

When What Who says

Pre-pretraining • Subjective indicator of ‘general’ well-being, e.g.

RESTQ, POMS, recovery-cue; abbreviated versions of same

Collins 2000

Kellmann 2002

• Objective measure

Morning HR/HR variability

Pretraining • Subjective rating (Score 1–10) of key indicators, e.g.

Mood

Sleep quality

Readiness to train

Residual muscle soreness/fatigue

Site specific soreness rating

Perceived readiness rating

Collins 2000

• Objective measure (readiness check)

Psychomotor speed/reaction time

Measure system readiness, e.g. countermovement jump (height);

drop jump (contact time/height)

Nurmekivi et al 2001

Rietjens et al 2005

Nederhof et al 2006, 2007

In-training • Prescriptive accuracy

Rate desired intensity (how it should feel)

Technical execution (required quality)

Empirical range (load and repetition limits)

• Recording detail

Empirical descriptors

RPE (per effort, set, or session)

Post-training • Post-session objective measure

Repeat pre-session readiness check

• Session RPE. Retrospectively calculate associated measures, e.g.

Monotony (weekly average load/standard deviation)

Strain (mean weekly load � monotony)

Training load (RPE � training time)

CPS (category ratio pain scale)

TQR (total quality recovery)

• Weekly training ‘stress’ assessment

Daily and/or individual session RPE ¼ week total

Suzuki et al 2003, 2006

HR, heart rate; POMS, profile of mood state; RESTQ, recovery-stress questionnaire for athletes; RPE, rating of perceived exertion

C H A P T E R 1 0Planning for physical performance
evidencepresented thatmanyaspects of our customary
planning approaches lack both an empirical evidence
base and an underpinning conceptual logic.

The illusory security of assumed ‘rules’ and the
associated simplistic vision of the preparation task
should be rejected, and the reality of biological
complexity and the implications of human cogni-
tive limitations acknowledged. Critically, a dynamic
adaptive planning approach demands that the ele-
mental uncertainty and ambiguity inherent in train-
ing planning is recognized and appropriate
counteractive strategies devised.
Unfortunately, as with so many of the things that
are good for us, this approach is also more dif-
ficult and more challenging than traditional pre-
formed planning recipes. The management skills
required are also not necessarily those historically
promoted. Formal, pedagogical planning skills are
of limited value within such a dynamic environ-
ment. Instead, of more pivotal importance is the
organizational ability to create support team net-
works, to develop communications systems, to
implement information gathering processes and to
optimize organizational learning. The planning
157



Table 10.2 Triangulation of training prescription
parameters

Construct Training parameter How to quantify

Volume Recommended range of

sets and reps

Numerical

prescription

Subjective

feel

How efforts should feel

during execution

Performer rating

(e.g. 1–10)

Quality of

effort

Expected technical quality Coach rating (e.g.

1–10)

or speed Timing system

or power output/ distance/

height, etc.

Measurement

S E C T I O N T W O Provision (of support)
process now becomes centred on facilitating the
seamless emergence of training strategy in response
to unfolding events, within the boundaries imposed
by logistical factors, the stated programme objec-
158
tives and the time frame imposed by the
performance schedule.
And finally. . .

Mike Tyson once said, ‘everyone has a plan, until they
get punched in the face’, and that’s quite an insightful
comment. If we plan on the basis of optimistic,
‘hoped for’ outcomes, neglecting contingencies, our
plans become fragile, vulnerable to unexpected
events and consequently easily disrupted and
derailed. Conversely, a planning paradigm founded
on the principles of consistent assessment and rapid
adjustment enables the evasion of potential stum-
bling blocks, facilitating robust and sustainable prep-
aration processes. Effective preparation plans
identify and circumnavigate potential pitfalls, are
sensitive to emerging threats and respond with con-
sidered and timely action.
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