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PREFACE
The NSCA’s Essentials of Sport Science has been 
created with a very specific objective: to provide 
the most contemporary and comprehensive overview 
of sport science and the role of the sport scientist. 
Within the domain of sport, the application of sci-
ence is becoming more apparent. Indeed, not only are 
universities and academic institutions scientifically 
investigating sport, but in today’s sporting land-
scape professional teams, sporting organizations, 
and private training companies alike are embracing 
approaches that use scientific principles and proce-
dures and the empirical rigor that they provide. The 
contents of this book, which have been contributed by 
globally recognized experts and thought leaders from 
the field of sport science, address every aspect of 
the sport scientist role, from understanding training 
theory and performing needs analyses, to conduct-
ing athlete monitoring and assessment, managing 
data and analytics, and educating and disseminating 
information. This book supports sport science prac-
titioners working with athletes in applied settings, 
individuals seeking to develop their knowledge 
and understanding of sport science, academics and 
researchers, and professionals aiming to explore how 
their technical expertise can offer potential benefits 
to athletes and sporting organizations. In doing so, 
this book presents the most comprehensive insight 
into the application of sport science and the role of 
the applied sport scientist.

FUNDAMENTALS OF  
SPORT SCIENCE

Science is the pursuit of logical approaches to discover 
how things work within the natural universe, in which 
the application of systematic methods of inquiry allow 
us to generate knowledge, testable explanations, and 
understanding. Sport science, therefore, is the applica-
tion of scientific theory to sport, or the study of sport 
using scientific methods of inquiry in the fields of 
human performance, athletic endeavor, and sporting 
competition. Unlike exercise science, which largely 
uses sporting techniques and exercise as mechanisms 
(i.e., independent variables) to investigate and better 
understand specific adaptations relating to human 
physiology, psychology, or biomechanics (or more than 

one of these), sport science seeks to induce adaptations 
to human functional capacity for the specific purpose 
of maximizing performance in sporting competition. 
Sport science activities do this by converting data 
into valuable information that can then be used to 
support decision making and influence performance 
outcomes. While the nuances of exercise science and 
sport science can be considered similar, they are also 
different. Indeed, while it is important to understand 
how human physiology responds to different exercise 
stressors, stimuli, and interventions (i.e., the physi-
ological stress experienced during exercise and the 
adaptations that occur consequently to this stress), 
the fundamental objective of sport science is instead 
to maximize the performance potential for athletes 
to increase their likelihood of success (2). Therefore, 
sport science represents the generation and gathering 
of information using scientific methods of inquiry in 
order to support better decision making for the pur-
pose of winning in sporting competition.

The potential for science to be applied to sport 
training and competition, and for it to make a posi-
tive impact on performance, is vast. As an umbrella 
term, sport science is a multidisciplinary construct 
that is rooted in physiology, biochemistry, biome-
chanics, nutrition, and skill acquisition; however, it 
also involves the use of statistics and broader fields 
of data science, analytics, and technology manage-
ment. By integrating each of these respective technical 
disciplines in an interdisciplinary fashion, it is pos-
sible to use collective approaches to address a host of 
performance-based problems within the paradigm of 
sport training and competition (e.g., workload man-
agement, underperformance, energetics and fueling, 
or postgame recovery). By formulating hypotheses 
for specific performance-related questions, sport 
scientists implement scientific processes of inquiry, 
either in the field or within controlled laboratory 
settings, in order to draw specific conclusions that 
can then be used to manipulate training methods or 
competition strategy. At its foundation, sport science 
seeks to examine how different psychophysiological 
systems interact to maximize human performance 
within sporting competition, and how the manipula-
tion of different training paradigms can then be used 
to optimize such systemic interactions.
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APPLICATION OF SCIENTIFIC 
METHODOLOGY

The word science is derived from the Latin scientia, 
meaning knowledge. Knowledge is gained through 
scientific inquiry rather than supposition, theory, 
accepted practice, or subjective opinion (3). Pseu-
doscience is sadly rife within the sport performance 
world, where science-like claims are frequently made 
but with little evidence provided in support of those 
claims—or if evidence is provided, it is typically mis-
interpreted or presented with biased intent. Everyone 
can perhaps recall a drill or instruction that a sport 
coach implemented, and that when questioned as to 
the reason for having done this, the coach offered 
little in the way of evidence to support the rationale 
for its use and application. Indeed, an overreliance on 
anecdotal evidence, a lack of skepticism and critical 
thinking, and a tendency to ignore data that does not 
support entrenched traditions and commonly held 
beliefs is widespread in sport, even at the most elite 
levels. It is therefore critical that scientific methods 
of investigation and learning be upheld throughout 
the world of sport, such that accurate understanding 
and knowledge can be gained and that this knowledge 
can then be used to complement impactful decision 
making, influence more effective training methods, 
and shape competition strategy for the betterment of 
athletes’ health, well-being, and performance.

At the foundation of sport science methodology are 
the guiding principles of scientific inquiry, namely 
empiricism, rationalism, and skepticism:

• Empiricism is the philosophy of science that 
emphasizes the use of evidence, especially as 
discovered through experimentation, and suggests 
that all hypotheses and theories must be tested 
against observations of the natural world rather 
than resting solely on apriori reasoning (i.e., 
something that can be known without experience 
or data), intuition, or revelation.

• Complementary to empiricism, rationalism repre-
sents a methodology in which the criterion truth is 
not sensory but instead is intellectual and deduc-
tive. Rationalism is the theory that reason rather 
than experience is the foundation of certainty in 
knowledge.

• Finally, skepticism is the philosophical school of 
thought that questions the possibility of certainty 
in knowledge. Skeptical ideology can be gener-
alized as the suspension of judgment due to the 
inadequacy of evidence.

Regardless of their technical background or des-
ignation within the performance support team (PST), 
one of the primary differentiators of sport scientists 
versus other coaches and PST members is their inher-
ent expertise and desire to pursue scientific methods 
of inquiry and to obtain accurate knowledge and 
understanding through objectivity and data insights. 
This scientific approach towards understanding the 
complex demands of sports performance, studying 
the body of evidence-based research, answering ques-
tions, solving sport-related problems, or developing 
new and innovative ways to operate is represented by 
a simple methodological approach:

Make an observation ➛ Define the problem (ask 
a question) ➛ Hypothesize (create a theory) ➛ 
Experiment (test or challenge) ➛ Analyze ➛  

Interpret (conclude) ➛ Implement (action)
Within the world of sport, sport scientists, perhaps 

more so than any others, are the individuals who are 
motivated to use the fundamentals of the scientific 
method to draw conclusions and theories as to what 
is objective versus subjective, what is accurate or 
inaccurate, and how impactful or redundant a perfor-
mance intervention is. At the most basic level, sport 
scientists use analytical strategies (i.e., systematic 
methodologies) to distinguish the “signal from the 
noise”; that is, they filter what is valuable and effica-
cious from what is useless and ineffective. The generic 
processes of gathering and applying knowledge to 
sport performance are very broad, largely because 
of the numerous sports that sport scientists can be 
associated with, the strategies and skills they perform, 
the physical and psychological training approaches 
that are used, and their ability to affect all aspects of 
training and competition (3). However, sport scientists 
are the individuals who undertake critical thinking 
in order to study and investigate concepts relating to 
athletic performance, and to then relay the findings 
of these investigations to athletes and coaches, such 
that athletes and coaches can use the findings to make 
better-informed decisions (see figure 1).

EVOLUTION OF APPLIED  
SPORT SCIENCE

Sport science, as with many other disciplines, started 
out as an academic pursuit within universities and 
teaching institutions, in which researchers and faculty 
investigated specific aspects relating to exercise, sport, 
or other fields of human performance. In its infancy, 
the most common practice for sport scientists was to 
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perform “basic research,” predominantly for the pur-
pose of targeting publication of their findings in peer-
reviewed journals or presenting their results to peers 
at academic congresses (or both of these) (2). This 
traditional approach provides outcomes, insights, and 
conclusions that can have some relevance to applied 
settings; however, on many occasions it can also have 
little applicability to sporting competition. With time, 
however, these professional scientists working in 
academic institutions offered their services to sport 
coaches in an attempt to understand sport and investi-
gate ways to achieve a competitive advantage. Indeed, 
there are examples of early sport science projects that 
influenced sport science methods in today’s competi-
tive sporting arenas. For example, the work of academ-
ics at DePauw University shortly after World War II 
focused on documenting movement patterns during 
collegiate basketball and football games (5, 6). Upon 
reflection, this pioneering research can be considered 
the precursor to many of today’s more sophisticated 
time–motion analyses that categorize and code the 
time athletes spend during a game walking, jogging, 
running, or sprinting at different velocities. Today, 
such analytics are used extensively to manage player 
workloads or as markers of heightened injury risk in 
professional sport teams around the world.

As the respective areas of technical knowledge and 
expertise have evolved, cross-pollination of theories 
and concepts has become more common, and even 
areas of business, human resources, management, 
medicine, and supply-chain logistics use “scientific 
approaches” to enhance their productivity. Sporting 
competition has been no different, and since approxi-
mately 2010, more and more sport organizations have 
realized that scientific expertise and data analytics 
can be of significant value. Indeed, more sporting 
organizations than ever before are recognizing the 
value of scientific approaches in the applied setting as 
a means to influence performance standards on both 
individual (i.e., athletes or staff) and organizational 
levels (i.e., team success and operational effective-
ness). Consequently, sport science has evolved from 
a research-based pursuit of academics and university 
faculty into a method of investigation and inquiry that 
is performed throughout all sporting environments. 
Today, sport science approaches are used at the high-
est levels of professional and Olympic competition to 
directly affect performance and to aid practitioners in 
using the best available evidence at the right time, in 
the right environment, and for the right individual, in 
order to help athletes maximize their performance (1).

E7917/NSCA/FP01/651303/mh-R3
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FIGURE 1 The scientific methodology loop for sport scientists.
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Evidence-Based Knowledge 
Versus Practice-Based Evidence

A central component of sport science is the develop-
ment of systematic analysis frameworks to enhance 
performance through a process that includes data col-
lection and analysis in order to drive insights and the 
communication of information (8). The undertaking of 
scientific thinking and methods of investigation (e.g., 
observation and description, controlled trials, litera-
ture reviews) serves as such a framework to generate 
knowledge and insight that can then shape decision 
making. A first approach, defined as evidence-based 
knowledge (EBK), in which information is generated 
through scientific study and investigation, allows prac-
titioners to aggregate objectively informed rationales 
as to why certain methods and approaches are used. 
In practice, EBK indicates that strategic decisions 
have been informed by clear supporting informa-
tion, reasoning, and objective data. Evidence-based 
knowledge is largely recognized as the gold standard 
approach to decision making.

However, in comparison, in the applied setting, 
sport scientists are often exposed to practice-based 
evidence (PBE); here, certain situations and contexts 
are not as controlled or structured as in traditional 
scenarios (i.e., laboratory and controlled studies). 
Instead, PBE often reflects the documentation and 
measurement, just as they occur, of patterns and 
characteristics. Practice-based evidence largely rep-
resents the process of describing or tracking certain 
performance dynamics and then reacting to situ-
ational responses while having less control over how 
they are delivered (7). If one considers the example of 
the professional sport team competing throughout a 
season, rarely would a sport scientist have the oppor-
tunity to implement a structured research study that 
reflects laboratory procedures with control groups, 
cross-over designs, or other recognized scientific 
approaches to isolate an independent variable’s effect 
on the experiment. Instead, the method of collecting 
and analyzing PBE during the chaotic day-to-day 
activities of training and competition is often the 
most effective way to gain insights into performance 
regression or progression, understand adaptations 
consequent to changes in training strategy, or evalu-
ate longitudinal changes in athlete health, well-being, 
and performance.

It is critical that sport scientists acknowledge 
the value of both EBK and PBE approaches and 
how each of them can provide valuable insights and 
information. In order to create EBK, sport scientists 

formulate hypotheses and then undertake structured 
investigations to test and contest these hypotheses. 
In PBE, this is challenging, and not always does the 
approach start with a clearly defined question that 
needs to be answered (i.e., hypothesis). Furthermore, 
sometimes sport scientists collect information from 
existing practices and afterward try to draw retro-
active inferences from the information (e.g., injury 
audits, workload monitoring). The concepts of EBK 
and PBE perhaps represent the modern interface of 
applied sport science and the experiential nuances of 
sport coaching. Indeed, innovation and progression of 
coaching methods are often in advance of scientific 
rationale and understanding (i.e., coaches use drills 
and exercises to affect performance long before there 
is a body of evidence to support or refute their use). 
However, these coaching developments are funda-
mental to the evolution of any sport, with the trial and 
error of coaches adopting new techniques a key factor 
in advancing competition and training philosophy. 
Instead of rejecting this approach because it does not 
represent a traditional scientific methodology, sport 
scientists should embrace PBE, while at the same time 
recognizing that sport science must seek to implement 
the application of scientific principles to inform prac-
tice; therefore the pursuit of EBK principles, which 
adhere to the principles of scientific inquiry and 
critical thinking, should be embraced simultaneously 
(see figure 2; 4).

Interdisciplinary Approach

Central to successfully conducting sport science, or 
undertaking scientific endeavors within the domain 
of sport, is the acknowledgment that collaboration, 
team cohesion, and a sense of technical integration 
are fundamental. Scientific investigation must not 
get in the way of performance operations; investiga-
tion must instead enhance them. It must speed up 
decision making rather than slowing it down due to 
cumbersome procedures and methodologies. The 
sport scientist must also have a willingness to operate 
laterally across all the other PST services as well as 
upward to the technical coaching staff. Sport science 
collaborations must therefore be observed on three 
primary levels:

1. Services and support provided to the head coach 
and other technical coaching staff

2. Support given to the athletes
3. Integration and collaboration with other members 

of a multidisciplinary PST
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Technical Coaches
From the outset, it is imperative that sport scientists 
accurately comprehend their role in supporting the 
technical coaching staff. It would be naïve to think 
that sport science expertise supersedes the decisions 
and perspectives of a head coach, even when those 
decisions may be perceived as largely subjective, 
anecdotal, or in conflict with known scientific find-
ings. Instead, time should be taken to embed scien-
tific methods and insight in a complementary and 
nonthreatening fashion, whereby technical coaching 
staff come to value the information that sport scientists 
provide. Head coaches and other coaching staff are 
often faced with complex decisions to make, which 
can range from regular process decisions (e.g., length 
of training sessions, game strategy, travel logistics) to 
more infrequent critical strategic decisions (e.g., team 
selection, equipment developments). Sport scientists 
possess the skills to support these complex decision-
making processes, as they understand the methods 
of providing evidence, efficacy, or rationale upon 
which coaches can then formulate their own strategic 
approach. From the outset, any relationship with a 
coach needs to be built on trust as well as the ability 
to address very specific questions posed by coaching 
staff and the capacity to deliver comprehensible results 
and accurate information in a time-sensitive fashion.

Athletes
Sport scientists must establish an athlete-centered 
approach to their work, whereby scientific endeavors 

and methods of inquiry are aligned with the specific 
needs of individual athletes. The professional relation-
ships developed with athletes are often very different 
from those between the sport scientist and head coach 
or other technical coaching staff. However, trust and 
open lines of communication remain fundamental 
requirements if sport scientists are to optimize their 
impact and influence. Within the whole construct of 
sport, the athletes are the most important asset, and 
thus sport scientists must take the perspective that 
all their work is conducted for the purpose of sup-
porting athletes to optimize their innate talents and 
maximize their genetic potential. Educating athletes 
such that they understand why scientific methodolo-
gies of investigation are being undertaken and become 
comfortable discussing and evaluating personal per-
formance data, and also gaining their confidence that 
data will be handled with sensitivity and honesty, is 
essential to facilitating ongoing training and perfor-
mance interventions.

Performance Support Team
Finally, sport scientists must embrace an interdisci-
plinary approach to working in collaboration with 
other members of a PST. By working horizontally 
across all performance services, sport scientists can 
apply their skills in monitoring and evaluation, data 
analysis, and data reporting and visualization, which 
can benefit multiple technical areas. Often it is the 
role of the sport scientist to work with other technical 
disciplines to identify and define their performance 
problems (i.e., research questions) and then formulate 

E7917/NSCA/FP02/651304/mh-R3
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FIGURE 2 The interface of applied sport science.
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scientific approaches to create performance solutions 
(i.e., conclusions) using the principles of scientific 
investigation. As previously highlighted, it is neces-
sary that the skills and attributes of a sport scientist be 
of great benefit and value to other technical disciplines 
that do not have the same expertise in using complex 
technologies, managing data, undertaking data analyt-
ics, and formulating conclusions around the efficacy 
of performance interventions.

COMPETENCIES OF THE  
SPORT SCIENTIST

If sport science is the study of sport through the appli-
cation of scientific methods to the fields of human per-
formance, athletic endeavor, and sporting competition, 
a sport scientist is a professional whose job is largely 
concerned with maximizing performance potential 
through the application of such scientific methods. 
Fundamentally, the sport scientist works to gather 
and interpret information that ultimately becomes 
knowledge for the purpose of supporting better deci-
sion making. The evolution of the sport scientist role 
reflects the increasing transition away from general-
ists on a sport team (e.g., technical coaches, physical 
trainers) to a team of experts, or specialists, who 
have discrete expertise and sophisticated knowledge 
of a sport or technical application (e.g., physiology, 
biomechanics, data science) that can serve to increase 
understanding. Therefore, it is largely the role of sport 
scientists to take complex data and applied research 
insights and translate this knowledge back to winning 
in competition by influencing strategy, tactics, equip-
ment design, regeneration and rehabilitation activities, 
and operational logistics.

As the field of sport science continues to grow 
and becomes a more recognized discipline in sport 
performance (i.e., outside the academic environment), 
the role of applied sport scientists is becoming more 
common. However, there is still the need to under-
stand what sport science encompasses as well as to 
understand what a sport scientist does. Examining 
current industry trends in the growth of professional 
sport scientist positions, it is apparent that sporting 
organizations are seeking two main profiles. The first 
focuses on individuals who possess expertise in one 
field or in particular fields of human performance, 
such as physiology, biomechanics, data processing 
or analytics, or in tracking systems and technology 
management. Often, the perceived notion of sporting 
organizations is to better understand concepts such 

as training load management, performance bench-
marking, recovery and regeneration, or factors such 
as travel and sleep hygiene. All these areas can be 
considered critically influential in affecting athletes’ 
availability or their potential to perform optimally 
(or both); thus sporting organizations are recruiting 
individuals to scientifically investigate and monitor 
them. The second type of profile is as a facilitator to 
integrate multiple disciplines; here the sport scientist 
has a holistic understanding of human performance. 
As people face the technology age and are exposed to 
the data tsunami that is now seen within sporting envi-
ronments, sport scientists are also often called upon 
to manage large amounts of data (i.e., a data science 
emphasis). Indeed, in many sporting contexts there is 
an absence of staff in each technical discipline with 
the competency to handle technology (and manage 
data analytics) effectively, and therefore these tasks 
often fall upon sport scientists.

By embracing a multidisciplinary philosophy, it 
becomes possible to embed sport science into the 
infrastructure of any sporting organization, be it 
within the academic or applied setting, and to develop 
accepted methods of scientific inquiry that can 
directly influence sport performance. A key factor 
when engaging with or recruiting a sport scientist is 
the need for organizations and sport teams to employ 
individuals whose expertise and technical skills meet 
specific requirements and fill gaps in performance 
knowledge and understanding. Therefore sport sci-
entists should be able to not only collect, analyze, 
interpret, and communicate data, but also employ a 
holistic approach to managing and combining infor-
mation from all the technical disciplines.

CONCLUSION
In order to completely fulfill the meaning and value 
that the profession deserves, the sport scientist has to

1. practice hypothetical reasoning;
2. apply scientific principles of empiricism, ratio-

nale, and skepticism;
3. foster competencies in statistics and data analysis, 

as well as reporting and data visualization on 
many occasions (but not as a general rule); and

4. possess sport-specific expertise.

Also essential to the role are behavioral character-
istics and personal qualities, such as communication 
skills and a work ethic that promotes interdisciplinary 
approaches and working as a part of a team. There 
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will be times when the sport scientist must act as an 
integrator of different disciplines and when the role 
implies interaction with different groups within the 
organization (e.g., management or front office, medi-
cal or health, coaching staff, analytics), and empathy 

with other technical coaches and PST members is 
vital. The purpose of this book is to offer a holistic 
overview of the technical expertise, skills, and knowl-
edge required to operate effectively as a modern-day 
sport scientist.
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