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ix

The content of this book was developed to provide coaching and fitness professionals an 
accessible, comprehensive overview of assessments that was different from the informa-
tion typically packaged in academic textbooks. The opportunity to serve as author for 
this project was especially appealing because I was a coach long before I received a 
PhD in exercise physiology and began my career teaching at the university level and 
conducting research studies.

Normative data tables with columns containing more percentile values than anyone 
would ever need are commonly included in books focused on assessments for sport and 
exercise. This book takes a different approach while simply dividing normative data into 
a few categories and presenting the information in a uniform, easily interpreted manner. 
Also unique to this book, assessments are described in a script format in order to clearly 
convey the protocols and assist in the standardization process between testing sessions.

Most of my early experiences as a coach fell within sports where success could not 
simply be measured by changes in distance or height, weight, or time, and improvements 
in performance in these activities tended to be based on my own potentially biased 
perception. The inclusion of even just a few assessments would have put my mind at ease 
when faced with the difficult task of evaluating the progress of my athletes. Addition-
ally, for all of the grassroots coaches and others volunteering their time to allow others 
to engage in sport and fitness-based activities, it is important to provide resources to 
ensure everyone involved has a positive experience while achieving their full potential.

The National Library of Medicine defines athletic performance as the “carrying out 
of specific physical routines or procedures by one who is trained or skilled in physical 
activity,” which is influenced “by a combination of physiological, psychological, and 
socio-cultural factors.” It is important to note that this definition does not limit athletic 
performance to only the elite and that coaching and fitness professionals play a major 
role in each of the listed influential factors. Furthermore, athletic performance exists 
on a spectrum, and advancement along this spectrum of training and skill development 
signifies a very personalized journey. From the weekend warrior or the recent retiree 
to the up-and-coming prodigy, everyone involved may benefit from assessments along 
the road to accomplishing their goals.

Preface
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The fi rst section of this book begins by providing support for the inclusion of assessment 
within the basic set of skills for coaching and fi tness professionals as well as considerations 
for decision-making and implementation. This introduction is followed by a description of 
the various pieces of equipment that may be used to successfully conduct assessments. 
Finally, the basic fi tness attributes are discussed, and a general outline of the assessment 
selection process is described.

BASICS OF ASSESSMENT

I
P A R T
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Coaches and fitness professionals are focused 
on optimizing health, physical fitness, and 

athletic performance. Assessments are part of the 
specialized toolbox they use to provide a clearer 
view of the current state of their client, athlete, 
or team. However, assessments should be used 
for more than just evaluation and can be used as 
key indicators of the effectiveness of decisions 
related to athlete or client management, general 
demographic information, personnel selection, 
talent development, and standardized training 
programs.

Oftentimes, we as coaches and f itness 
professionals get dialed in on our own system or 
personalized approach to improving the lives of 
our athletes or clients and the day-to-day support 
required to maintain positive development 
throughout this process. While this is certainly 
a trait of a successful professional, continuous 
improvement and unique situations likely dictate 

Assessment 101: 
Who, Why, and How?

“Carefully observe oneself and one’s situation, carefully observe others, and 
carefully observe one’s environment. Consider fully, act decisively.”

Jigoro Kano, Founder of Judo

the need to answer the questions, “Is what I’m 
currently doing effective?” and “Can I be better 
serving my athlete or client?”

When you bring your car to a service center, 
a technician likely runs a series of diagnostic 
tests in order to recommend adjustments or to 
identify the cause of an existing issue. In the 
same manner, a client or athlete seeks out coaches 
and fitness professionals to provide feedback and 
guidance while working to achieve their individual 
goals. Following a general health evaluation and 
establishing the goals and needs of the client 
or athlete, the natural next step is to perform 
baseline assessments to answer the question, 
“What are we working with?” This process of 
identifying strengths and weaknesses allows for 
a clearer path to success to be laid out. For clients 
or athletes, an ongoing evaluation helps to identify 
progress or to determine the need for potential 
changes to be made.

CHAPTER 1



4 Assessments for Sport and Athletic Performance

INPUT FOR THE DECISION-
MAKING PROCESS

While the phrase “garbage in, garbage out” 
illustrates that an informed decision requires 
accurate information, decision making without 
any, or with limited, input is simply guessing. 
The appropriate use of assessments by coaches 
and fitness professionals provides quality data 
that can inform the decision-making process. For 
example, a coach or fitness professional might 
notice that the client or athlete is noticeably slower 
toward the end of a soccer match and assume 
that this fatigued state is caused by a lack of 
aerobic conditioning. With this snap judgement, 
and without knowledge gleaned from a general 
fitness profile, the coach may select a course of 
action involving additional aerobic exercise that 
would take up valuable technical training time 
or extend the duration of an existing training 
session. However, periodic assessments, including 
those related to aerobic capacity or self-reported 
exertion/fatigue measures, might indicate that 
the individual was slower due to accumulated or 
residual fatigue and actually needed decreased 
training time or extended recovery.

While aerobic capacity measures evaluated at 
this point might be influenced by the fatigued 
state of the individual, preseason aerobic capacity 
measures and subsequent training focused on 
addressing any identified issues would allow the 
coaching staff to be confident that the athlete 
was properly prepared and not likely out of shape. 
Daily (or even weekly) assessments of perceived 
exertion or fatigue would then help to identify 
when training sessions could be adjusted to 
address these types of issues.

Whether the focus is on general management, 
performance, education, or health, the aim of most 
coaches and fitness professionals is to see progres-
sion in the individuals who put their aspirations 
or development in our hands. The intersection 
between these areas of focus and the use of the 
scientific method is complicated and sometimes 
problematic. This is made clear by the collective 
groans produced during coaches’ meetings 
when a new evaluative approach is mentioned. 
Coaching can and should be viewed as an art form; 
however, without periodic quantitative feedback, 
the aforementioned progression may become 

stagnant. Particularly, in activities that have a 
storied history (think martial arts), change does 
not come easily, and there is an inherent “stick 
to what we’ve always done” mind-set. However, 
just as we would expect reflection on the part of 
our clients or athletes during periods of change, 
we should aim to evaluate our practices and be 
flexible with our approach.

As many programs face dwindling resources, 
coaches and fitness professionals are often tasked 
with a broad range of responsibilities outside their 
typical areas of focus. While it may be ideal for 
specialists to conduct separate assessments in 
a well-equipped laboratory, most programs are 
limited by both time and resources. Due to these 
limitations, assessments are often included as part 
of sport-specific practices or fitness/condition-
ing sessions and conducted by the sport-specific 
coaching staff, trainers, or fitness professionals.

USEFULNESS OF 
ASSESSMENTS

Typically, the outcomes of assessments are 
used to characterize skill sets to determine the 
appropriate playing positions or event special-
ties of an athlete. Fitness professionals may be 
interested in these results to compile compari-
son or normative data to evaluate clients, while 
the potential to predict performance might be 
particularly appealing to coaches. Assessments 
can also be used for educational purposes to 
inform athletes, parents, and coaches regarding 
the particular skill sets that may be of importance 
for a given sporting activity. More recently, 
results of these assessments have been used to 
aid in injury prevention via prehabilitation or to 
identify muscular imbalances. The usefulness 
of assessments within each of these areas is 
explained in more detail in the following sections.

NORMATIVE DATA 
COMPARISON
One of the difficulties of working with individuals 
or small groups of clients or athletes is the pitfall 
of potentially viewing their abilities in a vacuum 
without comparison to others. This can lead to 
complacency or a lack of focus on fundamental 
skills and physical capacities. A great example of 
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this conundrum is when an athlete classified as a 
big fish in a small pond transitions from junior to 
senior levels of competition or from high school to 
college varsity athletics. For example, the fastest 
athlete on the team may struggle when suddenly 
surrounded by a group of equally strong runners, 
and a state champion high school wrestler might 
be overwhelmed in a college wrestling room filled 
with state champions touting several years of 
collegiate experience. In the first case, the fast 
athlete could have engaged in additional prepara-
tory training with the goal of being competitive. 
In the second case, the wrestler might undergo 
assessments to identify potential deficiencies 
compared to more senior counterparts. Regardless 
of the situation, access to normative assessment 
data on similar individuals or the accumulation 
of previous assessment data provides a clearer 
perspective on where the clients or athletes 
currently stand or how far they have progressed 
toward their intended goals.

RELATIONSHIPS WITH 
PERFORMANCE
A wide variety of research in the field of exercise 
science is dedicated to determining the relation-
ship between specific physical attributes and the 
potential for performance (18, 23). Prediction 
might come in the form of the ability to differen-
tiate between individuals of higher and lower 
competitive or skill levels or to classify individu-
als as having specific groups of skills similar 
to successful athletes. However, it should be 
noted that most of the time, these predictions 
are really based on the determination that two 
specific outcomes are highly related rather 
than one specifically causing the other, or vice 
versa. Perhaps the most explored assessments 
in this regard are the determination of aerobic 
capacity to predict endurance performance or the 
determination of maximal power output to predict 
success in activities involving explosiveness. 
Assessments that can be easily executed outside of 
the laboratory (termed field-based tests or simply 
field tests) have also been explored for their 
usefulness in quickly evaluating large groups of 
athletes on their potential to excel in a given sport. 
For example, elite youth soccer players have lower 
body fat percentages and higher aerobic capacities 
while tending to score higher on agility and speed 

assessments compared to non-elite players (19). 
Many experienced coaches also develop their 
own personal approach by which they identify 
individuals who they believe have the capacity 
to be successful. In this case, assessment data 
could play a key supplemental role to reinforce or 
fact-check qualitative evaluations.

In statistics, the term parsimonious is used 
to describe the desire to maximize predictive 
power while minimizing the number of inputs. 
This concept is sometimes referred to as the “law 
of briefness” and should be at the forefront of 
the planning and implementation process with 
respect to both complexity of the procedures and 
the time available to complete them. Parsimony 
in the context of assessments refers to the ability 
to compile as much useful information as possible 
with just a few assessments.

EDUCATIONAL AND 
INFORMATIVE DATA
Assessment data is particularly useful when 
working to educate or provide feedback to clients 
or athletes and other relevant stakeholders (family 
members, teammates, other coaches or fitness 
professionals) on a particular topic. Early on in 
our lives, our parents or guardians are exposed 
to crucial assessment data in the form of basic 
anthropometric measurements (height, weight, 
body mass index, etc.), which is compared to 
normative data presented as growth charts. This 
information is meticulously tracked by health 
care providers and family members to make sure 
that normal development is occurring. Ask most 
parents or guardians about statistics and you 
will get a blank look, but they will most likely 
be able to tell you what percentile of height and 
weight their child was and how big their child was 
supposed to get. In a similar manner, we can use 
assessments, including anthropometric data, to 
illustrate progress and to support the decision-
making process. This is particularly helpful when 
working with those same stakeholders (parents or 
guardians) and educating them on why we train 
the way we do and what the next step might be.

In the case of clients or athletes, results from 
assessments help promote commitment to the 
training program or buy-in or support for an 
intervention. For example, in hot and humid 
environments, many clients or athletes show 
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up to training sessions dehydrated and fail to 
properly rehydrate following training (20). A 
simple self-reported urine color assessment 
might illustrate this issue with athletes (1, 2), 
and a brief educational session highlighting the 
relationship between hydration and fatigue as 
well as performance (13), such as sprinting and 
dribbling performance in soccer players, might 
provide incentive to drink fluids throughout the 
day and following training sessions.

TRAINING PROGRAM DESIGN 
AND REVISION
Assessments can be used when designing new 
training programs or to introduce modifications to 
existing programs. The determination of baseline 
values allows for personalized programming and 
provides the basis for setting appropriate training 
goals. For example, a new coaching staff that 
puts a premium on speed may inherit athletes 
from a previous coach who focused primarily 
on size or strength, and initial assessments 
may be required to determine specific training 
emphases. The development of training groups 
based on strength versus speed or explosiveness 
versus aerobic capacity could also be considered. 
This might be an option for off-season training 
in which specific training programs and goals 
are provided to groups of clients or athletes with 
opportunities for improvement identified through 
the assessment process.

When the initial targets have been surpassed, 
progression can be built within the training 
program. With respect to strength, when an 
individual who was initially identified as weaker 
than the peer group has achieved comparable 
maximal strength or muscular endurance values, 
that individual’s program may be adjusted to focus 
on another desirable physical fitness quality or to 
further develop strength. Consistent assessment 
may also be used to monitor fatigue and manage 
rest and recovery. Methods for evaluating fatigue 
might include routine evaluation of a variety of 
measures (6, 22), including, but not limited to, 
perception of effort, explosiveness (e.g., jump 
height or distance), or velocity of movement (e.g., 
bar speed). For example, a simple vertical jump 
test conducted prior to a training session resulting 
in a jump height less than usual for a particular 
client or athlete might indicate the need for 

reduced training intensities for the day or other 
modified programming options.

INJURY AND PREHABILITATION
Prehabilitation refers to engaging in specifi-
cally selected exercise programs in an effort to 
minimize the potential for injury (14). Muscular 
imbalances identified through various testing 
methodologies (between-limb, upper/lower body, 
push/pull comparisons, etc.) could be related to 
injury or performance deficits from individual 
anatomical features or induced by training. Some 
athletes are susceptible to knee injuries, particu-
larly with respect to anterior cruciate ligament 
(ACL) tears during landing or quick deceleration. 
This issue could potentially be due to differences 
in limb alignment and muscle development that 
are more common in females than males (8, 26). 
Deficits in strength and flexibility between muscle 
groups (quadriceps dominance), between legs 
(leg dominance), and between body segments 
(trunk dominance) related to the increased risk 
of ACL injury may be identified using assessments 
(7). For example, single-leg hop tests that are 
indicative of lower-body strength and power could 
be used to identify muscular imbalances as well 
as the need to engage in unilateral (e.g., primarily 
using one leg) exercise (21). Subsequently, 
preventative training programs can be enlisted 
to minimize the potential for this type of injury.

PERFORMANCE-
BASED CONTINUOUS 

IMPROVEMENT

The process of client or athlete management 
should be viewed as a process of continuous 
improvement. With this in mind, and with an 
emphasis on quality feedback via the scientific 
method, a model stemming from the field of 
quality management (9), termed the Plan-Do-
Check-Act (PDCA) cycle (see figure 1.1), may be 
used to illustrate the importance of assessments.

The Plan, Do, and Act portions of this cycle 
represent the traditional qualitative strengths 
of coaches and fitness professionals. The Plan 
portion entails the initial strategic analysis and 
goal-setting procedure, Do is the execution of 
the plan, and Act is the summative response 
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(i.e., evaluating or making sense of the available 
information) and adjustment to this implemen-
tation. The Check portion of the PDCA cycle 
represents formative feedback (i.e., bringing 
together or monitoring of the available informa-
tion) from knowledge-based quantitative data 
collection via appropriate assessments that 
inform the decision-making process. This cyclical 
approach with integrated qualitative (via observa-
tion) and quantitative (via data) components 
allows for the management of both individual 
client or athlete needs as well as reflection on the 
strategic approach. For example, through use of 
the PDCA cycle, coaches and fitness professionals 
might determine if specific adjustments need to 
be made on an individual basis from a single cycle 
or, as a result of several cycles, if a change to the 
process employed by the training staff should be 
considered.

Assessments should allow for a properly 
informed decision-making process. The results 
of well-designed and appropriately selected 
assessments can be used by the coaching or 
training staff and other stakeholders to design and 
modify training programs, and they can be used 
in the identification of proficiencies or deficiencies 
from both the individual and team perspectives. A 
common pitfall of many well-intended assessment 
initiatives is the one-and-done approach—

represented by a failure to conduct follow-up 
sessions. This is unfortunate because regularly 
planned assessments allow for benchmarking 
against previous performance, goal setting, and 
recognition opportunities.

USING THE PDCA CYCLE: 
CLIENT OR ATHLETE 
PERSPECTIVE
From a client or athlete perspective, the PDCA 
cycle allows for a clear, process-oriented, results-
based approach to training and fitness preparation. 
It provides the opportunity for the client or athlete 
to provide input on specific goals and to either be 
actively engaged in the development plan or to gain 
a greater level of understanding of the decision-
making process. The initial consultation or meeting 
constitutes the Plan portion of the cycle, where the 
goals and perceived strengths and weaknesses of 
the client or athlete are identified and a strategy 
for the initial assessment can be outlined. When 
first implementing the PDCA approach, the Do 
and Check portions are combined and consist of 
implementation of a series of assessments (the 
testing battery) to verify the perceived strengths 
and weaknesses of the individual as well as the 
potential to achieve the previously outlined goals. 

Figure 1.1 PDCA cycle.
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The Act portion provides an opportunity for coaches 
and fitness professionals to evaluate and interpret 
the quantitative data through their own qualitative 
lens or perspective. If needed, the Plan portion 
can be revisited with feedback from the client or 
athlete prior to engaging in the first iteration of 
the training program or intervention as part of 
the full-blown Do portion of the cycle. Thereafter, 
periodic Checks can be performed to demonstrate 
progress toward the client’s or athlete’s goals 
and to inform changes to the training program 
or intervention. As the PDCA cycle continues, 
opportunities and threats, which require additional 
changes, might be identified. For example, if 
performance data from one of the assessments does 
not change over time, its relevance to the client or 
athlete should be questioned.

USING THE PDCA CYCLE: 
COACH AND FITNESS 
PROFESSIONAL PERSPECTIVE
In addition to designing and modifying training 
programs or interventions, coaches and fitness 
professionals can leverage the PDCA cycle to 
assist in their evaluation of clients or athletes and 
to optimize the assessments used in this process. 
Namely, coaches and fitness professionals can use 
their existing knowledge and experience of the 
sport or intended activity to select an initial series 
of assessments designed to identify important 
strengths and weaknesses of clients or athletes. 
Moving forward with the PDCA allows the coach 
or fitness professional to methodically adjust this 
set of assessments to account for the relevance 
of the recorded measurements to the activity of 
interest. The potential inclusion of new or alterna-
tive assessments that may shed some additional 
light on the fitness profile of the client can also be 
evaluated. Eventually, this set of assessments will 
become the customized assessment battery used 
by the coach or fitness professional while allowing 
the option to fine-tune the included assessments. 
This iterative process helps coaches and fitness 
professionals avoid making wholesale changes to 
their overall approach, which is a common pitfall 
for many programs.

CLIENT OR ATHLETE 
DEMOGRAPHICS

We can think about any group of clients or athletes 
as representing a bell-shaped curve, with the 
majority possessing the most similar athletic or 
fitness traits (typical) and relatively fewer possess-
ing either advanced (outstanding) or underdevel-
oped (suboptimal) capacities (see figure 1.2). The 
assessment approach and evaluation process, or 
the coach’s or fitness professional’s perspective, 
may limit the pool of clients or athletes who would 
be considered for inclusion on a team or within 
a specific training program. Our tendencies as 
coaches, and oftentimes former competitors, is 
to gravitate toward those outstanding individu-
als with the most highly developed skill sets 
or physical abilities. Certainly, the assessment 
process may magnify this potential issue because 
these athletes are the easiest to recognize. 
However, it also allows us to determine how most 
of our athletes are performing and, combined with 
knowledge from previous measurement sessions, 
enables documentation of recently improved 
individuals. Furthermore, for the educator in 
all of us, it provides the opportunity to identify 
individuals in need of our assistance or those who 
have suffered recent setbacks with respect to the 
fitness measure being evaluated. This is a chance 
to truly demonstrate our own coaching abilities 
and promote our own growth and development 
through the implementation of a new or unique 
intervention.

So what exactly does this bell curve actually 
represent? When we first start coaching or 
working with clients, our knowledge base may 
be very limited. Each additional client or athlete 
with whom we work adds new information to that 
base, and our definition of outstanding athletes 
constantly changes. As we gain experience, our 
knowledge base grows and eventually we can 
clearly differentiate between the outstanding 
and suboptimal athletes and the large number of 
typical athletes. This knowledge base becomes our 
own bell curve upon which each new set of athletes 
can be compared. The beauty of normative data 
is that they provide us with similar information 
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Figure 1.2 Bell curve illustrating the general distribution of clients or athletes for a given outcome.

and allow us to make more informed evaluations.
Occasionally, we are presented with a group of 

athletes who primarily fall within the suboptimal 
area of the bell curve. When this occurs, we might 
be inclined to lose hope; however, because most of 
the physical fitness characteristics determined via 
assessments can be changed, we have the ability 
to improve specific attributes through coaching or 
training interventions. In fact, it could be argued 
that changes may be more easily attained in the 
suboptimal or typical individuals as compared to 
the outstanding individuals, who have little room 
to improve. In this sense, it would be prudent to 
consider working with a larger group of athletes 
who have potential to improve rather than only 
those who currently possess the most developed 
attributes. This brings us to several interest-
ing questions with regard to the evaluation and 
preparation of athletes. Do we have a tendency to 
consider primarily above-average individuals? Do 
all of the athletes need the same type of prepara-
tion? These questions may be most problematic 
when working with youth athletes, in whom 
physical (and mental) capacities and the ability 
to improve differs dramatically both between and 
within age groups. This issue lends credence to 
the notion that the coaches or trainers with strong 
teaching or skill-based backgrounds, as opposed 
to amateurs or volunteers, should be working with 

youth athletes, whereas those coaches or trainers 
with strong management backgrounds should be 
working with more advanced athletes.

TALENT EVALUATION AND 
MANAGEMENT

This approach is particularly important with 
respect to the processes of talent identification, 
selection, development, and transfer (15, 27). 
During talent identification, assessments may 
be used to evaluate individuals uninitiated to a 
particular sporting activity in an effort to gauge 
their potential for success. After athletes have been 
identified and introduced to the sport, additional 
assessment procedures more specific to the sport 
are valuable for placement in developmental and 
competitive situations. For those athletes for 
whom a particularly developed physical capacity 
is identified through this process but who do not 
continue with the originally intended sporting 
activity, transfer or referral to another sporting 
activity might be an option. These concepts 
have direct application to youth development. 
Longitudinal data collected at specific intervals 
may be used by coaches and other stakeholders 
to make decisions that will likely have long-term 
consequences for the athletes.
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TALENT IDENTIFICATION AND 
SELECTION
Talent identification tends to involve the use of 
assessments aimed at evaluating generic fitness 
attributes and physical capacities in large groups 
of individuals (23). Because these individu-
als have yet to engage in the sport or physical 
activity, the results of these assessments may be 
predictors of, or more appropriately described 
as “highly related to,” success or attainment of 
a particular goal or outcome. This process is 
conducted to more rapidly align the interests 
and abilities of individuals with competitive 
opportunities. Talent selection might include 
more specific assessments with consideration 
for known indicators of successful athletes or 
sport-specific skills that can aid in directing 
individuals into the appropriate developmental 
pipelines (11). Taken together, assessments 
provide crucial information during talent identifi-
cation and selection that likely has an impact on 
the long-term decision-making process as well 
as the future experiences of the client or athlete 
within the sport or activity.

TALENT DEVELOPMENT
Talent development can include the use of 
assessments for monitoring youth athletes 
throughout the maturation process (10, 12). The 
comparison of individual athletes to age-specific 
normative data potentially allows for the identifi-
cation of early, average, and late maturers with 
respect to various physical capacities. When 
dealing with youth athletes, coaches and fitness 
professionals must recognize that physical fitness 
attributes will undergo major changes but that 
the specific age at which this occurs and how 
quickly this occurs vary drastically between 
individuals. A common phrase among pediatric 
exercise physiologists is that “children are not 
mini-adults”; however, an argument could be 
made that two randomly selected youth athletes 
between the ages of 11 and 14 may exhibit physical 
and physiological differences in a similar manner. 
These distinctions are crucial in encouraging 
coaches and trainers to manage the training and 
assessment process with respect to the needs of 
the athletes and to minimize dropout from the 
sporting activity. In particular, some developing 

athletes may experience adolescent awkwardness, 
which might require revisiting some basic motor 
skills (or movement patterns) prior to focusing 
on strength and power improvements (10, 17). In 
adults, assessments can provide input to the talent 
development process specific to the competitive 
level or across the span of individual careers.

TALENT TRANSFER
The concepts of talent identification and selection 
can also be applied to a more diverse talent pool 
of experienced athletes who may not have made 
progress toward their originally defined goals 
through a talent transfer evaluation. An interest-
ing example of talent transfer was the Sports Draft 
conducted by the Australian Institute of Sport 
(3). The Sports Draft focused on several combat 
sports as well as paddling sports in which specific 
physical skills, including speed, power, and agility, 
might be exploited when combined with focused 
coaching and technical preparation. While this 
approach might be viewed as overly ambitious, 
more common examples of talent transfer include 
sprinters finding success in the sport of bobsled-
ding and gymnasts excelling in aerial sports. The 
knowledge of coaches and fitness professionals 
may be of particular importance when determin-
ing the assessments used for the purpose of talent 
transfer decisions.

IMPLEMENTATION OF 
ASSESSMENTS

The process of assessment can and should be 
viewed from both the coach or fitness professional 
and client or athlete management perspec-
tives. It may be particularly useful to first apply 
approaches used to determine the needs of a client 
or athlete to the coach or fitness professional.

Coaches and fitness professionals should 
avoid the introduction of assessments simply 
for the sake of implementation. However, the 
following questions must be addressed: What 
does the coach or fitness professional hope to 
gain from the assessments? Can the identified 
data be used to help the client or athlete progress 
toward goals? This needs-based approach will 
ensure that unnecessary assessments and the 
impact on resources associated with them 
are limited. Furthermore, with this type of 
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Motivating With  
Assessment Outcomes

Assessments may be used to provide motivation through the process of setting and 
achieving tangible goals. For resistance training, athletes may be incentivized by the 
potential inclusion in groups with elite status, such as a 500- or 1000-pound club for 
weightlifters representing the total amount of weight lifted from several different lifting 
techniques. Similar groups can be outlined for speed (<4.6-second 40-meter times) or 
endurance (<5- or 6-minute mile times). However, recognition in this manner may have 
the unintended consequence of setting unattainable goals for some individuals. There-
fore, a more appropriate approach for a varied group of individuals (with both high-level 
performers and beginners or lower performing clients or athletes) may be individualized 
goal setting based on realistic percentage or incremental improvements. With respect 
to the team-based environment, the motivation of attaining specific results from assess-
ments may assist in either establishing or identifying group, team, or clubhouse leaders.

approach, the focus of those involved will 
remain on continuous improvement driven 
by value-added decision making rather than 
on the process of data collection. Therefore, 
for the purpose of this section of the chapter, 
considerations will be presented from the view 
of a coach or fitness professional who, despite 
a strong foundational knowledge, might be 
hesitant to engage in the assessment process 
due to unfamiliarity, the desire to keep things 
simple, fear of commitment, or deviating from 
standard operating procedures.

RESOURCES AND POTENTIAL 
BARRIERS
To determine the resources needed, we must first 
determine how many clients or athletes need to 
be evaluated. Drastically different resources are 
required if only a handful of clients or athletes 
will be assessed on a sporadic basis versus an 
entire team (or teams) on a specific timeline. For 
example, vertical jump tests for a group of keepers 
or tight ends could simply be conducted prior to 
the beginning of a training session using minimal 
facilities, whereas aerobic capacity or maximal 
strength tests for an entire team may require the 
use of an entire field, pitch, gymnasium, or weight 
room. Many barriers exist to the implementation 
of assessment by coaches and athlete stakehold-
ers. Chief concerns include financial resources, 
expertise, and time; however, a wide variety 

of assessments have been developed, ranging 
from inexpensive and simple to complex and 
time-consuming. The process of implementing 
the appropriate system of evaluation can be 
streamlined by identifying the needs and capabili-
ties of both the clients or athletes and coaches or 
fitness professionals as well as any limitations that 
could be encountered.

DEPTH AND BREADTH OF 
AVAILABLE ASSESSMENTS
Generally, assessments are geared toward evaluat-
ing physical measures, such as body size and 
composition, flexibility, and balance, as well as 
performance measures, such as speed, agility, 
and strength, but they also include functional 
capacities related to the cardiovascular system 
or power output. Within each of these functional 
areas, specific assessments may be used to focus 
on the activity of interest or for a particular 
movement pattern. Assessments may be applied 
to client or athlete monitoring through periodic 
personal evaluation (perceived exertion, fatigue, 
soreness, etc.) or other health-related measures 
(heart rate, body composition, etc.). The decision 
to focus on a variety of assessments spanning 
several physical fitness attributes, functional 
capacities, and health measures, or to drill down 
into specific subareas is up to the discretion of 
the coach or fitness professional according to the 
needs of the client or athlete.
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OVEREMPHASIS ON 
SPECIFICITY
The previously mentioned benefits of testing in 
an environment similar to competition or training 
have led to the suggestion that sport-specific 
testing modalities may also be ideal. However, 
the balance between useful data collection and 
specificity tends to result in highly engineered 
testing environments that are not conducive 
or readily available to most fitness profession-
als. Some examples include skating treadmills 
featuring the ability to control speed, incline, and 
direction for hockey athletes wearing skates or 
immersive virtual or augmented reality simulators 
for evaluating visuomotor capabilities. While both 
of these opportunities for testing athletes provide 
unique sport-specific features in controlled 
laboratory-type situations, coaches and fitness 
professionals with their own unique experiences 
and knowledge may select from a wide variety of 
assessments such as those covered within this text 
that present fewer barriers to implementation.

FOUNDATIONAL KNOWLEDGE 
OF COACHES AND FITNESS 
PROFESSIONALS
One of the cornerstones of successful implementa-
tion with respect to assessments is the input and 
guidance from coaches and fitness professionals. 
Knowledge of the needs of clients or athletes, the 
demands of the sport or activity, and potential 

Paralysis by Analysis
Comprehensive analyses provided by testing device software and the desire to please 
a large group of constituents (coaches, trainers, administrators, parents or guardians, 
athletes, etc.) often yield excessive amounts of data that could be overwhelming to a 
coach or fitness professional, leading to the dreaded condition termed paralysis by 
analysis. Anyone who has ever been presented with a readout of heart rate or global 
position system (GPS) data for the first time understands that we can easily get lost in the 
weeds or lose the forest for the trees by delving into the specifics of the numbers rather 
than focusing on what happened during the evaluation or training session. This situation 
could easily be avoided by implementing assessments that have a simple outcome, such 
as average heart rate or peak running speed, and perhaps an estimated value for some 
physiologically relevant variable, such as aerobic capacity or rate of perceived exertion.

constraints to implementation must al l be 
considered through the lenses of these individu-
als. These areas are where the wisdom gained 
through personal and professional experience 
can truly amplify both the planning and eventual 
effectiveness of the selected assessments. In this 
regard, when properly implemented, assessments 
should be considered an extension of the coach’s 
or fitness professional’s skill set.

CONSTRAINTS TO 
IMPLEMENTATION
Newell’s model of constraints is commonly used 
to describe the “optimal coordination and control 
of an activity” (16, 24). While traditionally applied 
to instruction through identification of individual, 
task, and environmental constraints related to 
human movement and decision making, this 
approach can also be used to develop a framework 
and outline factors associated with the implemen-
tation of assessment programs, potentially 
through a SWOT analysis, as outlined in the final 
section of this chapter. Individual constraints 
reflective of the coach’s or fitness professional’s 
personal influence on this process might include 
expertise related to assessment, desire for 
personal development, ingenuity, flexibility, and 
level of commitment. Task constraints reflect-
ing the nature of assessments would include the 
activity or sport of interest, the use of laboratory- 
or field-based measures, and the desire to 
examine sport-specific or general fitness qualities. 
Environmental constraints that could influence 
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implementation are related to the availability of 
resources, including personnel or staff, external 
support (administrators, family, boosters), athlete 
buy-in, funding, and time.

SUSTAINABILITY
In order to ensure long-term success, a clear 
timeline must be determined. After accounting 
for the number of clients or athletes needing to 
be evaluated and the amount of time needed to 
accomplish the selected assessments, the dates for 
multiple assessment sessions should be identified. 
Logical points to begin this process might include 
prior to beginning a specific training program or 
before the start of a season. As mentioned earlier 
in this chapter, completing a single round of 
assessments might provide important informa-
tion; however, the true benefits of this process 
will not be realized until several iterations have 
been completed. Therefore, follow-up assessment 
sessions, such as after sufficient time has elapsed 
in a given training program or at the midseason 
and postseason periods, should be planned and 
consistent in order to evaluate progress or aid in 
decision making.

BUDGETARY 
CONSIDERATIONS
Budgetary considerations could be a limiting 
factor for the implementation of assessment 
procedures by coaches or fitness profession-
als, including the lack of financial resources or 
limited access to the appropriate facilities and 
equipment. However, athlete assessments do not 
necessarily need to be conducted in a research 
laboratory or even in a strength training facility. 
In fact, some would argue that evaluating athletes 
in an environment as similar to competition or 
practice may be ideal. Financial concerns may 
also be tied to the wide variety of available testing 
devices that are aggressively marketed and tend 
to be associated with unanticipated expense 
or commitments. These common barriers may 
be exacerbated by the real or perceived use of 
technologically advanced hardware and software, 
the sensational nature of sport science program-
ming in the popular media, and the potential 
overcomplication of results. For example, while a 
wearable metabolic analyzer with built-in GPS and 

environmental sensor capabilities could be used 
to determine aerobic capacity for an individual 
athlete, an intermitting shuttle run test with 
a simple timing system and the local weather 
report would provide similar information, with 
the added bonus that multiple athletes could be 
tested at once.

SWOT ANALYSIS

In order to ascertain if incorporating assessments 
into a coach’s or fitness professional’s toolbox 
would be a worthwhile pursuit, we first might 
need to engage in some reflection and informa-
tion gathering. Therefore, the SWOT (strengths, 
weaknesses, opportunities, threats) analysis 
framework (4, 5, 25) may help determine the 
feasibility of implementing assessments.

A SWOT analysis involves identifying internal 
factors at which an individual is particularly 
skilled (strengths) or where deficiencies may be 
present (weaknesses), which are then paired with 
an appraisal of the coach’s or fitness professional’s 
current situation including identification of those 
external factors that may be benefits (opportuni-
ties) and barriers (threats) to implementation. 
The following generic analysis, which uses some 
of the SWOT factors discussed throughout this 
text, helps to identify how a typical coach or 
fitness professional might move forward with the 
implementation of an assessment program.

INTERNAL AND EXTERNAL 
FACTORS RELEVANT TO SWOT
When considering the inclusion of assessments, 
a coach or fitness professional may be hesitant 
to commit to this endeavor due to the additional 
time burden or the potential of taking time and 
focus away from training. They may also fear the 
unknown in that their lack of prior knowledge of 
assessments could stymie the potential benefits. 
These weaknesses should then be compared to 
the strengths of a high level of familiarity with 
the clients or athletes and a wealth of sport- or 
activity-specific knowledge.

Consideration should be given to potential 
threats, such as the availability of resources, 
including the coaching or training staff as well 
as technical expertise, that may be needed to 
implement assessments. Furthermore, depending 
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on the selected assessments, there may be costs 
related to equipment, consumables, training, 
and access to the appropriate training or testing 
facilities. These threats can be weighed against the 
opportunities associated with implementation—
for example, the wealth of information related 
to the fitness profiles and potential for improved 
performance of clients or athletes, and the prospect 
for growth for the coach or fitness professional.

SWOT MATRIX
The intersection of opportunities and strengths 
(OS) yields potential for increased client or 
athlete performance or goal achievement through 
optimized decision making and planning by the 
coach or fitness professional. This offers the 
best-case scenario by leveraging the clearly 
positive aspects of the SWOT analysis. Consider-
ing the relevant opportunities and weaknesses 
(OW) together provides the prospect of overcom-
ing weaknesses through personal and professional 
growth by expanding knowledge of assessment 
procedures and gaining experience that benefits 
the clients or athletes. Perhaps the most intrigu-
ing situation lies with the connection of threats 
and strengths (TS) in that coaches or fitness 
professionals might leverage their individual 
knowledge and skill sets to produce an assessment 

battery that minimizes the perceived need for 
excess resources. Finally, in the worst-case 
scenario, where the coach or fitness professional 
ultimately decides that the assessment program is 
not feasible, the intersection of potential threats 
and weaknesses (TW) might produce a strategy 
for future implementation. See table 1.1 for an 
example SWOT analysis aimed at examining 
the implementation of an assessment program 
considering the factors relevant to coaches or 
fitness professionals.

SUMMARY

Assessments allow coaches and fitness profession-
als to refine the decision-making and goal-setting 
processes while enhancing the development of 
the client or athlete. Several factors, including 
the availability of resources and the specified 
outcomes, likely play a role in determining 
the feasibility of engaging in these endeavors. 
A variety of compelling reasons exist for the 
inclusion and implementation of assessments 
within a given strategic framework. Subsequent 
chapters will provide additional insight to aid in 
successfully accomplishing this task through an 
examination of the equipment needed and the 
process of selecting the appropriate assessments.

Table 1.1 Generic SWOT Analysis for Implementation of an Assessment Program From the Coach 
or Fitness Professional Perspective

Strengths
Sport- or activity-specific expertise, 
familiarity with clients or athletes

Weaknesses
Limited knowledge of assessment 
procedures, fear of compromising 
training environment

Opportunities
Expanded knowledge of clients or 
athletes

OS: Advances in client or athlete 
performance and improved decision 
making by coach or fitness professional 

OW: Personal and professional growth; 
continuous improvement

Threats
Exhaustion of resources (human, 
financial, technical)

TS: Development of unique situation-
specific assessment procedures; 
creative leverage of resources

TW: Identification of specific needs 
that can be addressed when resources 
or personal development opportunities 
arise
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The types of equipment used for assessments 
are a function of the specific procedures 

selected and the allotted budget but likely include 
both measurement devices (stopwatches, scales, 
meter sticks, cameras, personal computers, etc.) 
and implements (weights, benches, markers, 
cones, etc.). While there is often a desire by 
those involved with assessment to adopt the 
most innovative, and often complex, technologi-
cal devices, consideration should be given to the 
generalizability of the data collected and the 
potential for overcomplicating a given testing 
session. The means by which the coach or fitness 
professional will conduct and record the results 
of the assessments must be considered, while 
a properly outfitted assessment space with 
amenities such as a semi-controlled environment, 
safe testing surfaces, adequate room to maneuver, 
and support facilities is necessary.

Assessment 201: 
What Equipment?

“I learned quickly, as I tell my graduate students now, there are no answers 
in the back of the book when the equipment doesn’t work or the measurements 
look strange.”

Martin Lewis Perl, Nobel Prize for Physics, 1995

PERFORMANCE 
MEASUREMENT

The primary measurement of most assessments is 
the ability to complete work over a certain amount 
of time, more specifically defined as power, in one 
form or another. As such, the equipment used 
generally helps determine the factors associated 
with power output, including force/resistance, 
distance/displacement, and time. While the 
relationship with performance is very clear for 
some of these measures (strength, speed, etc.), 
others may not be as straightforward. For example, 
body mass is not necessarily a performance 
measure; however, when we gain an understand-
ing of body composition (i.e., the relative amounts 
of muscle, fat, etc. that make up body mass), its 
influence on the ability to sprint or jump comes 

CHAPTER 2
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to the forefront with a potential trade-off between 
the positive effects of force production specifically 
coming from muscle mass and the negative effects 
of body mass in general due to the impact of gravity 
(1). Because performance is a relatively ambiguous 
term that can be described in many different ways, 
assessment equipment is equally diverse and can 
be used to quantify many different measures.

COST-BENEFIT

The equipment available for assessments varies 
considerably with respect to both cost and 
complexity. While the basis of traditional strength 
testing simply requires a heavy implement to lift 
up and down or, for conditioning assessments, a 
stopwatch, recent technological advancements and 
a growing consumer market for monitoring devices 
have caused the depth and breadth of equipment 
accessible to coaches and fitness professionals to 
become overwhelming. Devices offering research-
grade capabilities with precise measurements and 
a variety of control features as well as special-
ized software may be exceedingly expensive and 
unnecessary in most applied settings. However, 
a greater demand for consumer products and 
the use of standardized mobile technology allow 
many assessments that were previously confined 
to a laboratory to be conducted in the gym, on the 
field, or in the weight room. Increased computing 
power has also decreased the price of these types 
of assessments while providing the opportunity 
to integrate several simultaneous streams of data 
collected during a single test. Therefore, how 
complex an assessment session becomes ultimately 
is a function of the needs of the coach or fitness 
professional and the client or athlete, the available 
budget, and the amount of technological know-how 
and support.

GENERALIZABILITY

Normative data is developed from a group of 
standard values or norms from either a large 
number of different individuals or a large 
group of people who share some similarities. 
Therefore, it is important to understand the type 
of equipment used during the assessments to 
create the normative data. While it is tempting 
to use the latest and greatest assessment technol-
ogy, if a coach or fitness professional plans to 
compare client or athlete data with others, they 

must determine if there is enough comparative 
data available, specifically, comparative data of 
similarly trained individuals. Furthermore, the 
standards of a particular sport or profession may 
dictate that a particular type of equipment be 
used rather than the most appropriate or recently 
developed. This could be the case in events such as 
scouting combines or team selection, particularly 
if years of normative data have been compiled.

The abil ity to compare and contrast the 
results from assessments may be dictated by the 
equipment used. When large-scale normative 
data are collected, the researchers select specific 
equipment that is standardized across all of the 
study participants, which allows for the results to 
be standardized. In terms of body composition, 
the devices and technology used to evaluate body 
fat percentage can drastically change the final 
estimated value (8). While both skinfold calipers 
and bioelectrical impedance devices can be used 
to estimate body fat percentage, the technical 
approach is very different (as outlined briefly later 
in this chapter) and may result in different results. 
Certainly, a debate can be had over which is most 
correct, but for the case of comparing the values 
of clients or athletes, it is more important to select 
normative data that used similar equipment or to 
select equipment that aligns with the most relevant 
normative data. Examples from a performance 
perspective include the type of barbell used (9), 
the use of lifting straps (2) or belts for strength and 
endurance assessments (12), or the type of timing 
device used for speed and agility assessments (3). 
Therefore, coaches and fitness professionals must 
understand how the normative data was collected 
and the type of equipment at their disposal.

Occasionally, scientists who develop the 
normative data or evaluation procedures miss 
the mark. For example, a research team (one 
of which may or may not have been the author 
of this text) was excited to develop a standard-
ized assessment procedure to enhance training 
prescriptions for older adults (4). They selected 
several simple assessments (height, weight, and 
handgrip strength) to categorize clients according 
to their estimated body composition character-
istics as compared to a highly clinical (and 
expensive) procedure. Great idea, right? Height, 
weight, and handgrip strength are simple enough; 
however, the researchers decided to use a digital 
handgrip strength testing device as opposed to 
a more commonly used hydraulic device. While 
a case could be made that the digital version 
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allowed for more precise measurements, most 
practitioners already owned the hydraulic version 
of the handgrip testing device. Ultimately, the 
usefulness of the published results to practitioners 
was limited due to this discrepancy.

ADJUSTABILITY

When selecting equipment, a coach or fitness 
professional should ask themselves, “Who will I be 
testing?” and “Are all of my clients or athletes built 
the same?” The answer to the second question in 
most cases will be no. As such, individual require-
ments with respect to the size and perhaps even 
the design of equipment may affect performance.

DOES ONE SIZE FIT ALL?
The design of most consumer products, including 
equipment used during assessments, poses an 
interesting predicament with respect to adjustabil-
ity because they are typically built for the average 
body size and type and are meant to quantify 
average values. However, the nature of sport 
and human performance in general dictates that 
coaches and fitness professionals constantly try to 
push clients or athletes to the extremes. Further-
more, standout athletes and extreme perform-
ers tend to have unique body sizes and shapes 

(think jockeys, gymnasts, professional basketball 
players, sumo wrestlers), or large variations may 
exist on a single team (think American football 
players). Whenever possible, simple differences 
in size between men and women, or adults and 
children, or women and pregnant women should 
be accounted for with respect to equipment.

DOES DESIGN AFFECT 
PERFORMANCE?
A simple example of this potential issue is a 
handgrip strength device, which was one of 
my first purchases as a new exercise science 
researcher. This particular model allowed me to 
record force production over time, and with my 
background in combat sports, particularly judo, 
I was excited to set it up in the lab. I had not 
considered the potential need for adjustability, 
and the design of the device (shaped sort of like 
the handle of a baseball bat) did not allow for it. 
What if I wanted to test youth athletes with small 
hands or elite basketball players with much larger 
hands? In the context of judo, the question I had 
to ask myself was, “Do the athletes get to pick and 
choose the size of their opponents and the specific 
design of their uniforms?” Ultimately, we decided 
that, for the purpose of assessment, we did not 
want hand size to dictate our results. Interest-

Training Evaluators Before Going Live
While this chapter primarily focuses on equipment used for the purpose of assessment, 
the requirements of the support personnel and coaches cannot be overlooked. In order 
to successfully conduct the assessments, these individuals must be familiarized with the 
equipment and how it is to be used for potentially specialized purposes. All of the coaching 
staff and support personnel who will be participating in the assessment process should 
be appropriately informed of the standardized protocols as well as common mistakes 
or issues that may arise during testing. This type of training will assist in the consistent 
delivery of the assessments and increase the quality of the data by limiting the amount 
of factors unrelated to performance that might affect the results.

The development of standard operating procedures should be considered; however, 
at a minimum, a basic script with simplified language to explain the assessment to all 
clients or athletes should be prepared. This simplified language should be selected to 
ensure a basic understanding of tasks. The script can then be practiced and presented 
in a uniform manner to everyone being tested. Furthermore, variations in the amount of 
enthusiasm and encouragement or intensity in the delivery of the instructions between 
assessments could influence performance. Prior to going live, a practice round of assess-
ments should be conducted in an environment as similar to the actual testing environ-
ment as possible to identify any unforeseen issues and to give the personnel and coaches 
some additional experience.
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ingly, the available options for handgrip devices 
with the specific capabilities that I was looking 
for at the time were somewhat limited. Luckily, 
most of the standard handgrip strength devices 
that would be used in the field are adjustable…
but they still might be too large for children! 
Coaches and fitness professionals must determine 
if a one-size-fits-all device is appropriate or if any 
alternatives, either individual sizes or adjustable 
options, are available.

DATA COLLECTION AND 
ORGANIZATION

Perhaps the most inexpensive instrument used 
during assessment is the data collection form (see 
figure 2.1), which contains important information, 
such as client or athlete identification, date and 
time of testing, environmental conditions, and, 
last but not least, the results! Throughout the 
assessment process, particularly in the case of 
comprehensive testing of large numbers of clients 

or athletes, a standardized method of recording and 
organizing the data collected is crucial. Whenever 
possible, it is important to document inconsisten-
cies during testing or relevant information that 
may affect performance. While many assessment 
devices come with their own software and many 
people are now skilled at using mobile recording 
devices, hard copies of the most important data 
collected in a given testing session should be 
kept to guard against any technological difficul-
ties or the potential loss of crucial information. 
Regardless, accurate record keeping is important 
in order to fully evaluate changes over time and to 
ensure the proper communication of collected data 
among coaching and training staff when needed.

TYPES OF EQUIPMENT

The wide range of physical fitness attributes, from 
body composition to strength to aerobic capacity, 
dictates that the equipment used be equally 
diverse. Some of the equipment is designed for a 

Figure 2.1 Sample data collection form

From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019).

Location: ______________   Testing Surface: ______________                                Assessment Date: ______________

Temperature: _______ °C     Relative Humidity: _______ %  Time of Day: ______________ 

                          _______ °F      Barometric Pressure: _______ mmHg Evaluator: ______________ 

Athlete/Client ID#: ______________ Age: _______ yr      Clothing/Footwear: ______________

Sex:  ❑ Male   Height: _______ cm Weight: _______ kg

                                      ❑ Female   _______ in.  _______ lb

Assessment: Countermovement Jump

Total jump

height (cm or in.)
-

Standing reach

Height (cm or in.)
=

Vertical jump

Height (cm or in.)
Trial 1 - =

Trial 2 - =

Trial 3 - =

Average =

Best =
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Figure 2.2 Stadiometer.

very specific purpose, such as skinfold calipers to 
determine body fat percentage, while some is more 
generic and intended for a variety of assessments, 
such as barbells and dumbbells. Due to this variety 
and the potential use within multiple types of 
assessments, the equipment will be presented 
in the following categories: anthropometric 
equipment, resistance equipment, gravity-based 
equipment and other implements, distance or 
length measuring equipment, timing equipment, 
heart rate and GPS monitors, treadmills and 
rowing ergometers, instruments and question-
naires, and clothing and performance apparel.

ANTHROPOMETRIC 
EQUIPMENT
The most basic anthropometric measurements 
involve standing height and body mass or weight. 
Standing height is usually measured manually with 
a stadiometer using a vertical measurement column 
that may be free-standing, wall-mounted, or part 
of a physician’s scale (see figure 2.2). Sitting height 
to approximate trunk/leg length can generally be 
measured using the same device with the person 
being tested in the seated position on a chair or 
platform. The most commonly used device for 
body mass or weight assessment is the balance 
beam scale, typically known as a physician’s scale. 
Specific benefits of this type of device include the 
ability to use it without a power supply and a clear 
calibration procedure (verifying that it reads zero 
when unloaded), but the manual nature of the 
measurement does introduce some drawbacks, 
including lack of precision and extended testing 
duration. Digital scales offer greater precision with 
no need for technical expertise; however, these 
devices require a power supply, and the user relies 
on electronic features for calibration. The difference 
in cost between balance beam and digital scales is 
minimal, but the overall cost of scales in general can 
increase exponentially with expanded features as 
well as the need for high levels of precision.

Measuring tapes are used to determine the 
lengths and circumferences of specific body 
parts, such as the waist, hips, biceps, etc. While 
a standard flexible measuring tape may be used 
for these types of assessments, an anthropometric 
measuring tape made of woven fabric or fiberglass 
material featuring a push-button retracting 
mechanism and Gulick attachment is preferred. 
Woven fabric or fiberglass material allows the 

measuring tape to adjust to the contours of the 
body and being retractable limits the device from 
becoming tangled or damaged over time. The 
Gulick attachment is a spring-loaded mechanism 
on the end of the measuring tape that provides a 
precise method for standardizing measurements 
based on the application of uniform tension 
between assessments.

A variety of body composition methods are 
currently used but tend to focus on the assessment 
of body fat percentage or fat-free mass. Skinfold 
thickness measurements, which can be input into 
equations to estimate body fat percentage, are 
generally conducted with skinfold calipers (see 
figure 2.3). Skinfold calipers vary in price due to 
differences in precision, reliability, and durability. 
The least expensive options simply rely on plastic 
molding and tension provided by the evaluator 
but may have a limited lifespan and calibration 
options. More durable and precise devices feature 
metal casing with spring-loaded mechanisms 
that allow for consistent tension and calibration 
procedures. It must be noted that the equations 
used to estimate body fat percentage from skinfold 
thickness are developed using a specific type of 
skinfold caliper, and the use of different calipers 
likely results in estimation errors. When there 
might be a concern that the available equations 
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do not cover the types of people being tested, the 
actual skinfold thicknesses can be used. If fact, 
this method may be preferred when the actual 
body fat percentage is not crucial as is often the 
case in lean athletes or young people.

Bioelectrical impedance analysis (BIA) devices 
offer an alternative method of determining body 
fat percentage through the estimation of total 
body water (from the measurement of resistance). 
The most commonly available and user-friendly 
BIA devices feature leg-to-leg analysis via foot 
electrodes embedded in a body mass scale. While 
all body composition methods require standard-
ized diet and physical activity in order to provide 
valid estimates, body fat percentages from BIA 
are particularly influenced by hydration (5). 
As a result, many weight monitoring programs 
such as those used in the sport of wrestling, 
require urine-specific gravity evaluation to verify 
appropriate levels of hydration in conjunction with 
BIA assessments.

RESISTANCE EQUIPMENT
Strength and power assessments rely on the ability 
to quantify force production during resistance 
training exercises. Thus, resistance training 
equipment, including free weights (i.e., barbells 
and dumbbells) or weight machines, is needed to 
conduct these types of assessments. While many 

types of barbells exist, standard weightlifting 
bars are straight and made of steel, are approxi-
mately 7 feet (2.2 m) long, with a 1.1-inch (28 
mm) grip diameter, and weigh 45 pounds (20 kg) 
with the sleeves, which are used to load weight 
plates (see figure 2.4a). Powerlifting barbells, 
such as the Texas Power Bar, are more rigid in 
order to withstand greater resistive capacities, 
while Olympic weightlifting barbells contain 
bearings that allow them to spin during dynamic 
lifts. Knurling/crosshatch patterns (the rougher 
portion of the bar intended to increase friction 
for gripping) vary between models. More recently, 
hybrid barbells with overlapping Olympic and 
powerlifting features have been developed and 
smaller barbells (33 lbs [15 kg], 6.6 ft [2 m] long, 
0.98 in. [25 mm] grip diameter) are also available 
for smaller individuals or adolescents. Lightweight 
training bars made of aluminum are also used but 
should not be loaded in the same manner as other 
barbells because they may permanently bend due 
to having lower weight capacities. The use of chalk 
to enhance handgrip strength during a variety of 
lifts or lifting straps to minimize the influence of 
handgrip strength, specifically during deadlifts, 
may also be considered. Finally, safety clips or 
collars should be used at all times to secure the 
weights to the barbell (see figure 2.4b). Spring-
loaded and clamp-style collars add minimal weight 
to a loaded barbell, while metal competition-style 
collars weigh 5.5 pounds (2.5 kg) each.

Depending on the nature of the assessment, 
standard cast iron weight plates ranging from 
2.5 to 45 pounds (1.25-20kg) should be sufficient. 
If the assessments include dynamic movements 
where the weights might be dropped or swiftly 
set to the f loor, rubberized bumper plates 
within a similar weight range are recommended. 
Similarly, cast iron and rubber-coated dumbbells 
and kettlebells, normally purchased in pairs, 
are available; however, larger weights may be 
needed to provide enough resistance for certain 
individuals. Other types of implements that may 
be used to provide resistance during muscular 
strength and endurance assessments include 
medicine balls, sandbags, sleds, and weight vests. 
In particular, medicine balls come in a number of 
forms, including hard, rubberized versions that 
are capable of bouncing and softer vinyl or leather 
versions that give upon impact. Depending on 

Figure 2.3 Skinfold calipers.
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the size of the person using them or the intended 
activity, coaches or fitness professionals might 
select medicine balls that increase in diameter 
with increasing weight or ones that have a uniform 
diameter regardless of the weight.

Weightlifting racks or stands and benches 
are likely needed when conducting strength 
assessments and must be of sufficient quality 
and construction to withstand the weights being 
used. Flat utility benches and adjustable angled 
benches may be used for specific assessments, 
primarily those focused on evaluating the upper 
body musculature. Commonly, power racks (see 
figure 2.5), which are freestanding structures 
featuring four upright columns and adjustable-
height J-hooks that hold a barbell and safety bars 
which prevent the barbell from dropping past a 
certain point, are used to allow for many different 
lifts to be safely performed. Wall-mounted racks, 
freestanding squat stands, and combination racks 
with integrated benches are also common devices 
used for testing purposes.

Weight machines with selectorized weight 
stacks and pulley systems or modified bars used 
to load standard weight plates provide an alterna-
tive to free weights when conducting assessments. 
These devices usually mimic movements similar 
to those expected while lifting free weights; 
however, they are generally limited to a single 

plane of motion. Because of this, weight machines 
may provide an additional level of safety or at least 
comfort for those individuals unaccustomed to 
lifting free weights. However, it should be noted 
that these devices vary greatly with respect to 
quality and adaptability.

Figure 2.4 (a) Barbell and (b) collars.

a

b

Figure 2.5 Power rack with J hooks.
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GRAVITY-BASED EQUIPMENT 
AND OTHER IMPLEMENTS
Specific equipment may be useful even when body 
weight is the primary form of resistance during 
assessments. Implements such as plyometric 
boxes, step benches, stairs, or overhead mounted 
ropes require clients or athletes to displace their 
body weight to perform work that can be quantified 
and evaluated. With respect to safety during 
dynamic high-intensity activities, nonslip surfaces 
should be present when using plyometric boxes, 
step benches, and stairs, and cushioned mats 
may be needed when using overhead mounted 
ropes. Freestanding or rack- or wall-mounted 
pull-up bar or dip stations provide similar resistive 
capabilities when assessing muscular endurance. 
Furthermore, these implements should be stable 
and sturdy so that it is difficult to tip them over.

As mentioned several times earlier in this 
chapter, handgrip strength devices, otherwise 
known as handgrip dynamometers (see figure 
2.6), are commonplace in field-based settings to 
estimate overall strength without the influence of 
movement-based technical prowess. Additionally, 
implements used to test balance (e.g., balance 

beams and foam stability pads) or to aid in 
attaining a specific body position (custom pads 
or benches) may also be needed to conduct a 
thorough assessment.

DISTANCE OR LENGTH 
MEASURING EQUIPMENT
Maximizing distance or length is the primary goal 
for a large majority of assessments. Measuring 
length or distance is also a key component for 
the determination of total work done and power 
output. For shorter length measurements, a 
meter- or yardstick may be sufficient, while longer 
distances may require the use of an extended-
length measuring tape. These measuring tapes 
commonly feature a utility handle and a reel 
system in order to quickly and easily retract the 
tape after marking the desired distance. In order 
to clearly identify specified lengths, the use of 
cones, markers, or other indicators will likely be 
required. Speed- or agility-based assessments over 
commonly evaluated distances may be conducted 
using standardized, premarked surfaces such as 
a track, field turf, or basketball court. Large-scale 
custom measurements may need to be made using 
a combination of commercially available items, such 
as a measuring wheel, field string, and field paint.

While custom devices are available for certain 
assessments, alternative methods are available 
that do not require additional equipment. For 
example, flexibility testing can be conducted 
using a sit-and-reach box with a built-in measure-
ment system (see figure 2.7), and vertical jump 
testing can be conducted using a device outfitted 
with uniformly spaced vanes extending from 
a vertical beam (see figure 2.8). Alternatives 
to these devices include taking appropriate 
measurements on the floor (flexibility) or wall 
(vertical jump) with some sort of marker or visual 
verification.

TIMING EQUIPMENT
The most basic piece of equipment to record time 
is the stopwatch (or chronometer), and due to its 
cost, ease of use, and relative utility, it is perhaps 
the most common. However, when greater levels 
of precision are required, and in order to control 
for human error, various timing systems have 
been developed. Timing gates featuring infrared Figure 2.6 Handgrip dynamometer.
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examine the accumulated time between specific 
events within recorded video of sprinting, 
weightlifting, and jumping activities.

While many assessments rely on start and 
stop or directional signals given directly by the 
evaluator, the recent integration of technol-
ogy allows for coordinated visual or auditory 
signals to be conveyed and staged within a given 
protocol. Furthermore, metronomes designed 
to make sounds set to a specific beat may be 
used to standardize movement velocities during 
weightlifting (repetitions per minute), jumping 
(cycles per second), or cycling (revolutions per 
minute) assessments.

HEART RATE AND GPS 
MONITORS
Some assessments may require the measure-
ment of the client’s or athlete’s heart rate during 
exercise. This can easily be accomplished by 
manually counting the number of heartbeats 
over a designated amount of time using a watch 
or clock; however, there is skill involved with 
this type of assessment, and access to a pulse 
during some activities may be difficult. Heart 
rate monitors (see figure 2.10) are a relatively 

Figure 2.8 Vertical jump test device.

Figure 2.7 Sit-and-reach box.

photocells are available for sprint and agility 
assessments. These wired or wireless devices 
are connected to a computer or receiver that 
records when the infrared beam (or beams) are 
broken to indicate the start and stop of a specific 
test. Optical timing systems or contact mats (see 
figure 2.9) that are triggered with pressure work 
in a similar fashion to record flight and contact 
time during jumping. Several desktop computer 
and mobile apps have also been developed that 

Figure 2.9 Contact mat.
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inexpensive option that are now commonplace 
on the athletic field and in the gym. Chest straps 
that transmit to watches or a mobile app as well 
as watches with integrated wrist pulse monitors 
are available and provide real-time display of heart 
rate during physical activity. To take it a step 
further, many watches now also feature global 
positioning system (GPS) capabilities that allow 
for the determination of speed and acceleration 
in addition to time and distance.

Privacy and placement, particularly with 
respect to chest straps, may need to be taken into 
consideration when using heart rate monitors. 
A clear explanation of how the monitor is to be 
worn and a private area, such as a locker room, 
in which the client or athlete can put the device 
on, are needed.

TREADMILLS AND ROWING 
ERGOMETERS
While most assessments can be conducted without 
the use of treadmills and ergometers, a few special 
cases may lend themselves to using this type of 
equipment. In cases where inclement weather or 
difficulty in determining controlled conditions 
(e.g., geography), treadmills may be ideal. When 
selecting a treadmill, considerations should be 
given to the maximal potential speed (many devices 

are limited in this regard), the width and length of 
the running belt and deck, and the space required 
to maintain safe conditions. The running surface 
should be clean and not overly worn in order to 
deliver the appropriate amount of friction while 
running. Furthermore, some amount of treadmill 
incline may be needed to simulate outdoor or 
overground running or to allow for reasonable 
comparison with existing normative data.

While a variety of rowing ergometers (see figure 
2.11) are available, large amounts of normative 
data and the recent development of several 
specific tests make those available from Concept 2 
a popular option. These ergometers use fan-based 
air resistance while providing a wealth of useful 
data from their integrated display and are housed 
in many gyms. Coaches and fitness professionals 
should be aware that while the intensity or air 
resistance delivered by these rowing ergometers 
are dependent on how hard a person pulls, there 
are adjustable damper settings (similar to gears 
on a bicycle) that affect how much air is allowed 
to interact with the fan on a given pull, which 
may also influence performance. Therefore, in 
most cases, damper settings should be recorded 
and standardized between assessment sessions. 
It should also be understood that proper rowing 
technique greatly affects performance, and 
adequate familiarization is likely needed. As with 
all of the previously described equipment, regular 
maintenance and periodic calibration are essential 
for proper operation and longevity of treadmills 
and rowing ergometers.

Figure 2.10 Heart rate monitor.

Figure 2.11 Rowing ergometer.
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INSTRUMENTS AND 
QUESTIONNAIRES
Some assessments may be delivered as either 
paper or electronic instruments or question-
naires. These assessments generally require 
the client or athlete to self-report how they feel 
with respect to a particular topic at a given point 
in time according to a predefined rating scale 
or comparative value. The questions should be 
written such that they are understood by most 
clients or athletes and standardized in order to be 
compared between assessments. Preferably, the 
instrument or questionnaire has been produced 
and evaluated by knowledgeable professionals who 
have verified its usefulness in a similar setting. 
When a specific rating system is to be used, such 
as a number-based scale (from 1 to 10, for example, 
as shown in figure 2.12) or a visual scale, anchors 
should be provided that clearly define specific 
values within the scale for the client or athlete to 
consider. An example anchor for a number-based 
scale might include values and terms such as  
“6 = no exertion at all” being equivalent to sitting 
on the couch and “17 = very hard” exertion being 
just prior to exhaustion. An anchor for a visual 
scale might include the left side of a straight line 
being equivalent to “no fatigue/soreness” and the 
right side of the same line being equivalent to 
“very severe fatigue/soreness.” The description of 
these anchors as well as the ability of the client or 

athlete to understand the rating scale is of utmost 
importance to the applicability of the results.

A great example of this issue comes from peer 
review during group presentations in an academic 
setting. Students are asked to rate each group using 
a scale of 1 to 5 on several criteria, with 1 considered 
“poor” and 5 considered “excellent.” As students 
know that the instructor will be reviewing their 
responses and that it may affect the final grade of the 
group members, values of 4 and 5 are most commonly 
reported. However, one student gives across-the-
board values of 1 for all groups, leaving the instruc-
tor to wonder if the student had extremely high 
standards (or some personal vendetta against the 
entire class), if the directions were poorly conveyed, 
or if the student simply misunderstood the anchors 
and the rating scale. This situation also highlights 
the potential influence of the person conducting 
the assessment and how the client or athlete might 
respond if they assume some specific outcome will 
result from their responses.

CLOTHING AND 
PERFORMANCE APPAREL
Even though it seems that the question of what 
to wear would seem obvious, this topic should be 
explicitly addressed as it could alter the process 
of conducting assessments. Think about a client 
or athlete (outside of a military setting) trying to 
complete a sprint or agility test in combat boots 
or someone attempting a jump test in sandals or 
flip-flops. Therefore, footwear recommendations 
should generally include closed-toe, surface-
specific, properly fitted shoes designed for the 
intended activity. For example, flat-soled shoes 
may be most appropriate during assessments 
related to muscular strength and cushioned shoes 
may be most appropriate for assessments involving 
running, whereas cleats would be best for agility 
assessments conducted on turf or grass. However, 
the latter recommendation might be dictated by 
whether the assessments used to compile the 
available normative data were conducted with 
cleats on a similar surface. With respect to other 
pieces of clothing, breathable garments that allow 
full range of motion but are not overly loose fitting 
should be recommended in order to address the 
ability to move freely and to ensure safety. In the 
case of sport- or activity-specific testing, standard 
uniforms or clothing typically worn during 
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Figure 2.12 Rating of perceived exertion scale.
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practice or competition would also be appropriate. 
Finally, any accessories used, such as lifting belts, 
straps, etc., should be checked to be in proper 
working order and to determine if anything else 
worn (watches, jewelry, hair ties, etc.) may be 
causing some undue influence on performance.

MATHEMATICAL FORMULAS 
AND NOMOGRAMS
The results of many assessments can be used 
to estimate other values that may be difficult 
to measure without expensive equipment or 
by invasive means. These estimated values 
are determined through research studies and 
subsequent statistical analyses to develop 
prediction equations. Prediction equations 
require the use of formulas that may range from 
simple and straightforward algebra to highly 
complex with the need for advanced mathemati-
cal knowledge. One way of simplifying the use 
of prediction equations is through nomograms 
that provide for quick graphical calculations (7). 
An example of a nomogram is given here using 
midparental height, which allows for a rough 

estimation of a child’s potential adult height 
with consideration for the average 13-centimeter 
difference in height between men and women 
(13). Midparental height can be calculated for 
boys by adding 13 centimeters to the mother’s 
height and averaging that with the father’s height, 
and for girls by subtracting 13 centimeters from 
the father’s height and averaging that with the 
mother’s height. In this rudimentary example, 
if the parents’ heights are known for a given boy 
or girl, they can be located on the outer vertical 
lines and a straightedge can be used to connect 
the appropriate height markers. The intersection 
of the straightedge and the middle vertical line 
give the estimated midparental height. For a 
boy whose father’s height is 180 centimeters and 
whose mother’s height is 160 centimeters, the 
following manual calculation can be completed:

This result can be verified using the graphical 
calculation provided in figure 2.13. While the 
calculation of midparental may not require this 

Midparental height =
(160 cm +13 cm) +180 cm

2
=176.5 cm

Figure 2.13 Nomograms depicting graphical calculation of midparental height for (a) girls and (b) boys.
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Calibration and Maintenance of Equipment
An often forgotten but crucial component to 
selecting equipment for the purpose of assessment 
is the notion that a particular device consistently 
provides accurate performance data. If the equip-
ment used during assessments provides inaccurate 
information or is greatly affected by factors not 
related to performance, the gathered results are of 
little use to coaches and fitness professionals. Even 
if we assume that the equipment comes in proper 
working order, if it is used on a regular basis then 
there will likely be the need for periodic calibration. 
Furthermore, the facility and equipment being 
used to conduct the assessments should be clean 
and well-maintained in order to ensure safety to 
the client or athlete and coaches or fitness profes-
sionals (6). Figure 2.14 provides a basic facility and 
equipment safety checklist.

While most of our assessment procedures 
do not require the level of precision required to 
maintain the international standards for measure-
ment, we do want to be as accurate as possible 

and to identify when our clients or athletes have 
improved or declined. Thus, consideration should 
be given to the need for regular maintenance 
and calibration procedures, including how often 
they should be performed, the level of technical 
knowledge needed to complete the procedures, 
and any potential costs associated with per-
forming them. Many commonly used pieces of 
equipment (e.g., treadmills, bodyweight scales, 
etc.) will likely require professional assistance 
to maintain accuracy and consistency. Even if 
calibration procedures are deemed inappropri-
ate for a particular piece of equipment, regular 
maintenance and cleaning should be conducted 
in order to prolong its lifespan. Furthermore, 
properly functioning and maintained equipment 
will help to ensure the safety of the evaluators 
and the individuals being tested. A checklist that 
includes necessary cleaning and maintenance 
procedures and a running list of the dates they 
are completed may be needed.

Figure 2.14 Basic facility and equipment safety checklist

❑ Inspect all flooring for damage or wear

❑ Clean (sweep, vacuum, or mop and disinfect) all flooring

❑ Clean and disinfect drinking fountain

❑ Inspect fixed equipment’s connection with the floor

❑ Clean and disinfect equipment surfaces that contact the skin

❑ Inspect all equipment for damage; wear; loose or protruding belts, screws, cables, or 
chains; insecure or nonfunctioning foot and body straps; improper functioning or 
improper use of attachments, pins, or other devices

❑ Clean and lubricate moving parts of equipment

❑ Inspect all padding for cracks and tears

❑ Inspect nonslip mats for proper placement, damage, and wear

❑ Inspect measurement devices for proper tension, time, and revolutions per minute

❑ Ensure adequate lighting and airflow

❑ Ensure that equipment is returned and stored properly after use

From D. Fukuda, Assessments for Sport and Athletic Performance. (Champaign, IL: Human Kinetics, 2019). Adapted from A. 
Hudy, “Facility Design, Layout, and Organization.” In Essentials of Strength Training and Conditioning, 4th ed., edited for 
the National Strength and Conditioning Association by G. G. Haff and N.T. Triplett (Champaign, IL: Human Kinetics, 2016), 637.
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approach, when more complex formulas are used 
nomograms are particularly valuable and will be 
provided throughout the text.

ASSESSMENT SPACE AND 
AMENITIES

Particular attention should be given to the space 
in which the assessment procedures will be 
conducted and the equipment will be housed. 
Dedicated assessment space is usually available in 
traditional laboratory settings (and some weight 
rooms); however, space for assessments in the field 
tends to be temporary, and both the portability 
and storage of equipment must be addressed. In 
both cases, the availability of electrical outlets 
and potentially an internet connection may 
require consideration. While technology tends 
be a large part of our day-to-day activities, we 
must remember that simpler solutions may be 
ideal. In a recent sport science planning session, 
a five-minute conversation about how to get Wi-Fi 
access on the training pitch to record posttraining 
perceived exertion was stopped immediately after 
a suggestion to “clipboard it” and simply record 
the numbers (1-10) by hand.

Regardless of the space being dedicated 
or temporary, safety should be of the utmost 
importance and adequate room should be 
given for the assessments and the number of 
evaluators and individuals being tested. If the 
assessment requires a distraction-free environ-
ment or a limited audience during testing, a 
staging area or a private room may be needed. 
Similarly, the ability to manipulate the environ-
ment, including temperature, humidity, noise, 
and lighting, would be ideal in order to re-create 
similar conditions between testing sessions or 
to simulate the competitive environment. The 
preferred or available testing surface (court, turf, 
grass, mat, etc.) must also be determined with 
specific consideration for the trade-off between 
transferability to the sport or activity and limiting 
injury or the ability to complete the outlined 
assessment procedures. Furthermore, the testing 
surface affects the client’s or athlete’s potential 
performance and should be similar to that used 
to collect the normative data.

Adequate room to move during assessments 
and spacing between testing stations should be 
maintained. Additionally, there should be minimal 

exposure of electrical cords or other potential 
hazards. Appropriate consideration should also be 
given to proper storage of equipment to decrease 
the likelihood of damage or inappropriate usage. 
Fortunately, most coaches and fitness profession-
als are also required to be certified in first aid and 
cardiopulmonary resuscitation (CPR); however, 
a well-stocked first-aid kit and access to an 
automated external defibrillator (AED) will allow 
for them to fully use these skills in the case of an 
emergency. Finally, a written plan to alert proper 
medical support when needed should be instituted.

Environmental conditions, such as the heat, 
cold, humidity, and wind, may not only adversely 
affect the performance of the client or athlete 
but also that of the equipment being used 
during the assessments (10, 11). Certainly, any 
time electronic devices are being used there is 
potential for malfunction due to environmental 
extremes, but even the simple interaction of 
the athlete and the ground, turf, or implements 
could be affected by changes in frictional 
forces. Another case might be the influence of 
headwinds or tailwinds on a variety of field-based 
performance measures. Therefore, coaches 
and fitness professionals should have a clear 
understanding of the daily forecast or indoor 
climate during assessments and the limitations 
of the equipment being used.

SUMMARY

General considerations for the use of equipment 
during assessments include the potential costs 
and benefits of specific devices or instruments, 
adjustability, maintenance, and safety. Addition-
ally, issues related to the data collection process, 
availability of technology, and eventual generaliz-
ability of the results to other athletes or normative 
data should be addressed prior to beginning the 
assessment procedures. Appropriate training and 
experience with respect to the equipment used 
during assessment by the coaches and training 
staff as well as the ability to standardize the 
testing environment are factors that may affect 
the ability of the client or athlete to perform 
optimally. Lastly, different types of equipment are 
available that may be used to measure or support 
assessments related to anthropometrics, physical 
performance (force or resistance, distance or 
length, speed, etc.), and other key areas.
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While the multitude of assessments available 
may be daunting, the selection process can 

be simplified through the determination of the 
activity-specific needs of the athletes or clients 
being evaluated and the information deemed 
crucial by the coach or fitness professional. 
Furthermore, the identified protocols should be 
easily implemented from the perspective of both 
the clients or athletes and the coach or fitness 
professional to allow for repeatability. Once the 
assessments are complete, the athletes or clients 
and coach or fitness professional must be able to 
compare the results with benchmark data from 
either baseline testing or the general population. 
Therefore, the needs of the client or athlete 
and the coach or fitness professional should 
be balanced with selecting and implementing 
relevant assessments that lead to informative 
feedback.

Assessment 301: Which Tests?

“A common mistake among those who work in sport is spending a dispro-
portional amount of time on X’s and O’s as compared to time spent learning 
about people.”

Mike Krzyzewski, Duke University Men's Basketball Coach

NEEDS OF THE CLIENT 
OR ATHLETE

The selection of assessments should be made 
through the lens of either the self-identified needs 
of the client or athlete or the knowledge and 
experience of the coach or fitness professional. 
These needs are likely to be in the form of specific 
goals or performance outcomes. It is important to 
consider that the available assessments may not 
directly address the goal or outcome but may be 
used to provide additional information about the 
physical fitness attributes or the current situation 
of the client or athlete. A cross-country runner 
may want to improve performance times, which 
may be directly related to aerobic capacity, but 
they may also have a tendency to lose at the end 
of races where sprinting ability could be relevant. 

CHAPTER 3



30 Assessments for Sport and Athletic Performance

A wide receiver may want to earn the starting spot 
on the football team, which requires sprint speed, 
strength, and power. A client simply may want 
to get stronger or gain muscle while losing body 
fat, but the simple process of identifying baseline 
levels of strength of various muscle groups and 
body composition would still need to be conducted.

NEEDS OF THE COACH OR 
FITNESS PROFESSIONAL

Coaches and fitness professionals can use their 
knowledge, expertise, and experience to focus 
and expand the goals or performance outcomes 
of the client or athlete prior to engaging in 
the actual selection of assessments. Further-
more, the selected assessments will aid in 
the decision-making process with respect to 
training or competition. Perhaps the goal or 
performance outcome will be tied directly to 
a specific decision aided by the results of the 
selected assessment. However, more typically, 
several decisions from a variety of assessments 
covering many physical fitness attributes result 
in incremental improvements, termed marginal 
gains, ultimately leading to the eventual 
attainment of the client’s or athlete’s needs. 
This approach really gets to the core of the 
benefits provided by the combined perspectives 
of coaches or fitness professionals and exercise 
or sport scientists through the selection and 
implementation of assessments.

RELEVANCE OF THE 
ASSESSMENT

While the terms validity and reliability (to 
be described shortly) are key indicators of the 
soundness of a particular assessment, the term 
relevance may be more useful when initiat-
ing the process of assessment selection. More 
specifically, the questions that must be asked 
are, “How relevant is the assessment for the 
individual or situation?” or perhaps, “How well 
does the assessment help me address my client’s 
or athlete’s needs?” The first piece of this puzzle 
is to determine which physical fitness attributes 
are relevant. For a general fitness assessment, 
a broad testing battery would make sense. If 
clients or athletes have specific goals or easily 

identified deficiencies, this process is relatively 
straightforward. Many sports also have commonly 
used assessments that may provide the basis for 
developing your own set of testing procedures.

As indicated in chapter 1, the intention of 
assessments is to shed light on the identified 
goals of the client or athlete or coach or fitness 
professional. These goals or performance 
outcomes may not be easily quantified with a 
single physical fitness attribute. In this case, 
assessments representing the potentially relevant 
physical fitness attributes should be thoughtfully 
selected in an effort to explain as much of the goal 
or performance outcome as possible. For example, 
if the client’s or athlete’s goal or performance 
outcome is related to endurance performance, the 
first selected assessment would likely be related 
to cardiorespiratory fitness (represented by the 
dark inner circle labeled “Assessment 1” in figure 
3.1). Perhaps a client or athlete is smaller and 
potentially weaker than peers, so assessments 
related to body composition and muscular 
strength would also be selected (represented 
by the dark inner circles labeled “Assessment 2” 
and “Assessment 3” in figure 3.1). This process of 
including additional assessments (represented 
by the dark inner circles labeled “Assessment 4” 
and “Assessment 5” in figure 3.1) would continue 
until the client or athlete and coach or fitness 
professional are confident that implementing this 
assessment battery will sufficiently increase their 
knowledge of the agreed-upon goal or outcome. 
Using our simplified theoretical example, the 
assessment battery consisting of individual 
assessments (represented by the dark inner circles 
in figure 3.1, sized to represent their relevance) 
would help to explain or “predict” as much of 
the intended goal or performance outcome 
(represented by the light outer circle in figure 
3.1) as possible.

EASE OF IMPLEMENTATION

The selection of assessments must be made while 
keeping in mind the available resources and any 
barriers to implementation. To this end, any 
specific equipment or facilities that may be needed 
should be identified and a determination should 
be made if they are currently available or if there 
are any costs associated with them. For example, 
some muscular strength assessments may require 
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the use of resistance training equipment. If access 
to a resistance training facility is easily attained, 
the assessment may be easily implemented; 
however, if this is not an option, gaining access 
to or purchasing the equipment may be prohibi-
tive. If the assessment is new to either the client 
or athlete or the coach or fitness professional, the 
potential for a learning curve must be considered. 
If the inclusion of the selected assessments will be 
useful in the long run, a learning curve typically 
would not be an issue because the benefits 
outweigh the upfront investment (namely, time).

ISSUES WITH REDUNDANT 
ASSESSMENT

If one assessment is so incredibly useful, why not 
conduct as many as possible? A typical scenario 
occurs when a coach or fitness professional, who 
wants to get to know a bit more about their athletes 
and has a specific physical fitness attribute in 
mind (e.g., agility), meets with an exercise or sport 
scientist. The coach or fitness professional leaves 
the meeting with a list of too many assessments 

to keep straight (and a headache!). This also 
consistently occurs when designing research 
studies until someone points out that there is a 
budget and a timeline for completion.

While implementing a comprehensive and 
exhaustive battery of assessments is ideal, 
presumably all clients or athletes and coaches 
or fitness professionals are limited by time 
and budget constraints. Therefore, the aim 
should be the selection of a sufficient number of 
assessments to address the identified needs while 
minimizing overlap among those assessments 
associated with specific physical fitness attributes. 
Returning to our simplified theoretical example, 
we want to avoid the situation where an additional 
assessment (represented by the dark inner 
circle labeled “Assessment 3” in figure 3.2) is 
included and significantly overlaps an existing 
assessment (represented by the dark inner circle 
labeled “Assessment 2” in figure 3.2) while not 
adding enough insight into the intended goal or 
performance outcome (represented by the light 
outer circle). In this case, the time or financial 
burden may not justify the use of the third, 
potentially redundant, assessment.
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Figure 3.1 Example 1 of determining the relevance of assessments based on a performance outcome.
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ASSESSMENT OF BASIC 
FITNESS ATTRIBUTES

The assessments included in this text are generally 
focused on basic physical fitness attributes (14, 
19), including anthropometrics and body composi-
tion, flexibility and balance, speed and agility, 
power and explosiveness, muscular strength and 
endurance, cardiovascular fitness, and client or 
athlete monitoring. While these physical fitness 
attributes will become much clearer through-
out the proceeding chapters, which contain 
specific assessments and suggested evaluation 
procedures, an overview of each is provided here.

ANTHROPOMETRICS AND 
BODY COMPOSITION
Anthropometrics are values that quantify the size 
and proportions of an individual. Body weight and 
height are typical anthropometric assessments 
that can also be used to calculate body mass index. 
The relative size of specific segments of the body 
measured as lengths or circumferences and the 
comparison of these segments as ratios provide 
insight into the individual shape or physique of 
the client or athlete. The waist-to-hip circumfer-
ence ratio is a common anthropometric value that 
is used to quickly evaluate potential health risks, 
but distinct values can be seen in specific types 
of athletes as well as between men and women.

Body composition provides an overview of the 
separate components (fat, muscle, water, bone, 
etc.) that make up the total body mass of an 
individual. The term body weight (measured as 
force in Newtons by scientists or, more generally, 
in pounds) is distinguished from body mass 
(measured in kilograms by scientists) due to 
the variable influence of gravity. Because all of 
our assessments will presumably be conducted 
on Earth under relatively stable gravitational 
conditions and the results will not end up in 
scientific journals, we will stick with the term 
body weight (measured in pounds or kilograms) 
for the purpose of this book. Skinfold assessments 
and bioelectrical impedance analysis are two 
commonly used field-based methods of assessing 
fat mass, as body fat percentage, and fat-free 
mass, which is represented by the rest of the body 
including muscle mass. Any idea on which athletes 

have been reported to possess the largest fat-free 
mass values? Sumo wrestlers! One athlete had a 
fat-free mass of more than 265 pounds (120 kg) 
with 33 percent body fat, equaling a total body 
mass of approximately 397 pounds (180 kg) (9). 
This information provides unique insight into the 
training status of the athlete that may not have 
be otherwise evident. These types of values are 
crucial components of a physical fitness profile 
and influence the decision to engage in various 
weight management and exercise training 
strategies. The selection process for determin-
ing the most appropriate method of estimating 
anthropometrics and body composition will likely 
be influenced by the equipment available, the 
costs associated with the assessments, and the 
expertise of the individual conducting the testing.

FLEXIBILITY AND BALANCE
Flexibility describes the ability to move segments 
of the body (arms, legs, torso, head, etc.) around 
joints (elbows, knees, hips, neck, etc.). Similar 
to body composition assessments, f lexibility 
assessments tend to affect performance indirectly. 
A minimum level of flexibility may be desired to 
allow the appropriate mobility for a given activity, 
but an excess of this attribute, termed hypermo-
bility, may result in injury. Therefore, flexibility 
assessments tend to be used to verify the requisite 
mobility needed or to identify deficits in specific 
joints or muscle groups in order to develop stretch-
ing programs or manage the training process.

Balance is made up of several separate attributes 
but can generally be defined as the ability to hold 
the body in a desired position or to maintain 
stability during both static (limited movement) 
and dynamic (with movement) situations. Balance 
assessments can be conducted in a variety of ways 
while examining how well clients or athletes can 
keep their body (more specifically, their center of 
gravity or mass) within the contact area of their 
feet (their base of support).

These assessments range from measuring 
the amount of time clients or athletes can hold 
a specific position or orientation, to the distance 
that can be reached while extending their body 
to the edge of its base of support, or the distance 
traveled while moving within a limited base of 
support. Further levels of complexity can be added 
to these balance assessments with alterations to 
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the environment, such as having the eyes closed, 
changing the base of support, or making the 
surface unstable. For example, balance measures 
that were reportedly similar between ballet 
dancers and judo athletes under stable conditions 
with their eyes open changed in favor of the judo 
athletes when they closed their eyes and were 
exposed to unstable conditions, presumably 
because the ballet dancers relied heavily on visual 
feedback during their training and performances 
(17). As with flexibility, balance deficits may be 
related to injury risk, but the implications of 
this attribute could also be expanded to include 
relationships with body composition, motor 
control, and sport performance.

SPEED AND AGILITY
Speed is simply defined as the distance covered 
over a specific duration of time; however, it can 
be described further by the ability to gain speed, 
termed acceleration, and the ability to achieve 
as high of a speed as possible, termed maximal 
speed. As the equipment used to determine 
acceleration and maximal speed is not commonly 
available, the time needed to cover a predefined 
distance is usually measured as an indicator of 
these values. The selected distance is chosen 
to provide meaningful information based on 
the sport or activity of interest. Furthermore, 
repeated sprint ability based on several (<10) 
short-distance sprints (5-6 sec or 20-40 m) 
separated by brief rest periods (<30 sec) may 
also be evaluated if the activity is intermittent 
in nature.

Agility is defined as the ability to change 
direction while incorporating speed, balance, 
and coordination. Furthermore, acceleration 
(speeding up) and deceleration (slowing down) 
are key factors that affect agility performance. 
Assessments of agility vary depending on the 
number of directional changes, the distance 
between changes in direction, the total distance 
covered, and the patterns of movement. Most 
agility assessments include preplanned movement 
patterns; however, an additional level of complex-
ity can be included by having the client or athlete 
react to signals indicating the appropriate 
directional change. For example, while limited 
differences in preplanned agility were reported 
between elite and non-elite rugby players, the 

scores for reactive agility (with randomized 
changes in direction) were clearly superior for the 
more accomplished athletes (20).

POWER AND EXPLOSIVENESS
Power is formally defined as the amount of 
work completed over a specified time period 
or, alternatively, as the product of force and 
velocity. In practice, power, or explosiveness, 
is dictated by the ability to produce extremely 
high levels of force very quickly (termed rate of 
force development). As such, there is a trade-off 
between force production and speed that must 
be balanced to optimize power output. For 
example, let’s compare powerlifting, where the 
specific lifts are conducted at slower speeds 
with a limited range of motion, versus Olympic 
weightlifting, where the specific lifts require 
rapid movements and thus would result in less 
weight (relatively speaking!) being lifted. In 
support, Olympic weightlifters have been shown 
to perform better in countermovement jump 
tests, a common assessment for power output, 
compared to powerlifters (13). Sometimes power 
assessments are labeled “anaerobic” due to their 
use of the energy system that supports short-term, 
high-intensity activities. This also explains why 
assessments used to determine power are very 
short in nature, generally completed in just a few 
seconds. Field-based measurements of power 
usually quantify this physical fitness attribute 
by determining the displacement of the client’s 
or athlete’s body or an implement, or the time 
needed to displace the body or implement over a 
specified distance.

MUSCULAR STRENGTH AND 
ENDURANCE
Muscular strength is the result of force production 
by specific muscles or muscle groups that is 
potentially affected by the muscle fiber composi-
tion, muscle size and architecture, and the 
neuromuscular system. For the purpose of 
assessments, muscular strength is typically 
defined as estimated maximal voluntary strength 
and measured as the highest amount of weight 
an individual can lift during just a few (1-5) 
repetitions. Regardless of the number of repetitions 
completed, these assessments require that clients 
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or athletes load additional weight onto their 
body. Thus, proper technique and safe movement 
patterns are extremely important to minimize 
the potential for injury. While muscular strength 
assessments are usually measured as the actual 
amount of the weight lifted or force produced 
(termed absolute strength), some coaches and 
fitness professionals may elect to divide the results 
by the client’s or athlete’s body mass or weight (a 
measurement termed relative strength) for the 
purpose of comparison.

Alternatively, muscular endurance can be 
defined by the ability to repeatedly produce 
voluntary strength or to maintain voluntary force 
production by a specific muscle or muscle group 
at submaximal levels for an extended period of 
time. Most muscular endurance assessments use 
a predefined load (e.g., body weight, percentage of 
body weight, or a percentage of maximal strength 
values) and count the number of repetitions a client 
or athlete can complete of a specific movement. 
For example, the Scouting Combine conducted 
annually by the National Football League features 
a bench press test where athletes are instructed 
to complete as many repetitions as possible of 225 
pounds (102 kg) (12), while the National Hockey 
League’s Scouting Combine features a similar 
test with a weight equivalent to 70 to 80 percent 
of the player’s’ body weight with the additional 
caveat that they must keep up with a pace of 25 
repetitions per minute (3). Due to the relationship 
between muscular strength and endurance, the 
number of repetitions from muscular endurance 
assessments are sometimes used to estimate the 
maximal strength values. Another method of 
evaluating muscular endurance involves timing 
how long clients or athletes can hold themselves in 
a particular body position without moving (termed 
isometric strength).

CARDIORESPIRATORY FITNESS
Cardiorespiratory fitness is a function of the 
body’s aerobic capacity or its ability to take in and 
use oxygen through the lungs, heart, and muscles 
during exercise. Sometimes cardiorespiratory 
fitness assessments are labeled “aerobic” due to 
their use of the energy system that supports longer 
duration activities with athletes specializing in 
distance events possessing higher values than 
those specializing in shorter events. In this regard, 

these assessments feature testing protocols that 
quantify the time needed to complete a given 
amount of work (i.e., a specific distance covered) 
or the amount of work completed (i.e., distance 
covered) in a given amount of time. Depending on 
the training status of the client or athlete or the 
needs of the coach or fitness professional, maximal 
or submaximal assessments with or without 
increasing intensities (i.e., increasing speeds) can 
be conducted. While maximal assessments require 
that the client or athlete exercise until exhaustion, 
submaximal assessments might be terminated 
at a predefined intensity level as indicated by 
perception of effort or heart rate.

CLIENT OR ATHLETE 
MONITORING
Another beneficial avenue of assessment is 
through the process of client or athlete monitor-
ing. The monitoring process includes a variety 
of different assessments focused on day-to-day 
or week-to-week measures of physiological or 
psychological strain, training load or volume, and 
recovery. Some of these assessments are used 
to quantify external training load, defined as 
work completed by the client or athlete, whereas 
others are used to quantify internal training load, 
defined as either physiological or psychological 
stress related to training. Additional measures 
include the monitoring of recovery, soreness, 
and hydration status. The bulk of the monitor-
ing assessments can be completed by the client 
or athlete on their own through self-reporting, 
making them ideal to be recorded on more of a 
recurring basis than the previously discussed 
assessments. Due to the highly individualized 
nature of these monitoring assessments, changes 
from the client’s or athlete’s typical values, rather 
than comparisons to normative data, may be used 
as inputs to aid in the adjustment of training 
programs or other lifestyle factors (e.g., sleep, 
diet, etc.).

ASSESSMENT SELECTION 
USING SWOT ANALYSIS

One approach to evaluating assessments for a 
single client or athlete or a group of individuals at 
a given point in time is to use a SWOT (strengths, 
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weaknesses, opportunities, threats) analysis (2, 
4, 22). In a slightly different approach from that 
described in chapter 1, this process involves 
a selection of assessments to identify internal 
factors or areas in which a client or athlete is 
particularly skilled (strengths) or to identify 
particular physical fitness attributes where 
improvement may be needed (weaknesses). This 
determination would be paired with an appraisal 
of the client’s or athlete’s current situation and 
environment, including identification of those 
external factors that may be benefits (opportu-
nities) and barriers (threats) to attaining the 
intended goal or performance outcome. Let’s take 
a look.

INTERNAL FACTORS
For this comparison, strengths and weaknesses 
can be interpreted much more literally, with the 
perceived physical fitness attributes of the client 
or athlete serving as the internal factors. For 
example, perhaps a coach or fitness professional 
has identified that a basketball player may be 
particularly gifted at jumping for rebounds 
(supported by power or explosiveness and lower- 
body strength) but is limited by poor cardiore-
spiratory fitness (consistently fatigues during the 
second half of games) and upper-body strength 
(struggles when being guarded by average 
defenders). During baseline testing, assessments 
can be used to verify these perceived strengths 
and weaknesses. In follow-up testing sessions, 
previously identified strengths and weaknesses 
can be checked to see if any improvements have 
been achieved.

EXTERNAL FACTORS
Consideration should be given to potential threats, 
such as the availability of resources, which 
includes the time commitment of the client or 
athlete and the coaching or training staff needed 
to conduct the selected assessments. Further-
more, depending on the selected assessments, 
costs related to equipment, consumables, training, 
and access to the appropriate training or testing 
facilities may be factors. These threats can be 
weighed against the opportunities associated with 
either clear improvements or marginal gains made 
in the identified physical fitness attributes and any 
influence on the intended goal or performance 
outcome of a client or athlete.

Table 3.1 shows how a generic analysis using 
some of the SWOT factors discussed throughout 
this text helps to identify how the selection of 
assessments might influence progress toward 
the intended goal or performance outcome of a 
client or athlete.

The intersect ion of opportun it ies and 
weaknesses (OW) yields the best case for clear 
improvements in deficient or suboptimal physical 
fitness attributes, which will likely result in 
progression toward the client’s or athlete’s goal or 
performance outcome. This offers support for the 
appropriate selection of assessments and uses the 
positive aspects of the SWOT analysis. Consider-
ing the relevant opportunities and strengths 
(OS) together poses the potential for incremental 
improvements (or marginal gains) in the physical 
fitness attributes classified as typical or outstand-
ing that could yield progress toward the client’s 
or athlete’s goal or performance outcome. Perhaps 

Table 3.1 Generic SWOT Analysis for Assessment Selection From the Client’s or Athlete’s 
Perspective

Strengths
Perceived or verified physical fitness 
attributes

Weaknesses
Perceived or verified physical fitness 
attributes

Opportunities
Clear improvements OR
marginal gains

OS: Marginal gains in existing strengths 
with potential to benefit performance 
outcome

OW: Clear improvements in existing 
weaknesses with benefit to intended 
performance outcome 

Threats
No improvements AND
depletion of resources
(human, financial, technical)

TS: Wasted resources and inappropriate 
focus on existing strengths 

TW: Justified use of resources 
through identification of alternative 
interventions 
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the most informative situation for the coach or 
fitness professional lies with the connection of 
threats and weakness (TW), where minimal 
progression in the deficient or suboptimal physical 
fitness attributes occur, resulting in modifications 
to the training program or other interventions. 
Finally, in the worst-case scenario, where the use 
of resources to continue evaluation of the typical 
or outstanding physical fitness attributes are not 
justified, the intersection of potential threats and 
strengths (TS) might result in a discontinuation 
of the assessments or the intervention.

It should be noted that this generic SWOT 
analysis relies on the assumption that identified 
physical fitness attributes can be improved, which 
may not always be true. Nonetheless, we will rely 
on the coach’s or fitness professional’s knowledge 
and experience to take care of this issue.

ASSESSMENT PRINCIPLES

Adherence to the concepts of validity and 
reliability will help ensure the effectiveness 
of assessments. Furthermore, appropriate 
management of the clients or athletes as well 
as the sequencing and timing of the selected 
assessments must be considered.

SPECIFICITY
After the appropriate physical fitness attributes 
have been identi f ied, coaches and f itness 
professionals must select relevant assessments. 
This step of the process necessitates that clients or 
athletes rely on a key principle, namely specificity 
to the sport or activity of interest. A number of 
factors may be used to determine how specific-
ity affects the selection of assessments. These 
factors include, but are not limited to, the general 
movement patterns of the activity, the speed and 
duration of the activity, the muscles used, and 
how these muscles are used (6, 15). However, as 
noted with respect to the initial evaluation steps, 
specificity must be considered with some degree 
of common sense.

General Demands of the Sport or 
Activity
The movement patterns within the context of the 
sport or activity of interest must be considered 

during the assessment selection process. This 
process entails determining the types of exercise 
required (or exercise mode) during the sport or 
activity (e.g., running, jumping, throwing, cycling) 
and if they can be classified as being completed 
in a single (discrete) movement, a series of a few 
interconnected (serial) movements, or a repeated 
pattern of the same movements (cyclical). Within 
discrete and serial movements, the physical 
actions are usually easily identified; however, 
they may need to be broken down into phases in 
order to home in on the specific demands. When 
considering cyclical movements, the repeated 
physical actions are the primary focus and how 
long they need to be repeated becomes a major 
indicator of the types of assessments that need to 
be conducted. Brief, simplified examples of this 
process are provided throughout this section for 
the sport of tennis (5, 10).

Tennis is made up of several serial movements, such 
as service, forehand and backhand strokes, and net 
play, that are separated by short-duration sprints. 
Each stroke consists of unique initial preparation, 
backswing, impact, and follow-through phases.

From this point, the physical actions of 
the body and the motors, or muscles, used to 
accomplish these actions are identified. A descrip-
tion of the physical actions of the body includes 
whether the sport or activity primarily uses the 
arms (upper-body dominant), legs (lower-body 
dominant), or both (full-body), as well as whether 
it requires mostly pushing, pulling, rotating, 
stabilizing, or, more than likely, a combination of 
these actions. Furthermore, it may be relevant 
to determine if the use of a dominant limb (arm/
leg) influences these actions or if the limbs are 
engaged simultaneously (bilaterally) or indepen-
dently (unilaterally). This information can then be 
used to determine the specific joints and muscle 
groups used, which are of particular interest in 
selecting relevant assessments.

Lower-body strength and power, along with 
general balance and stability, help support the 
upper-body power or explosiveness needed to 
complete the tennis stroke.

The overall duration and intensity of the 
movements, which reflect the use of metabolic 
energy, associated with the sport or activity of 
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interest must also be considered. The anaerobic 
energy system is made up of two components: 
the phosphagen and glycolytic systems. Very 
short-duration, explosive activities lasting just 
a few seconds are primarily governed by the 
phosphagen system, whereas high-intensity 
activities lasting >10 seconds to several minutes 
are primarily governed by the glycolytic system. 
Because they have a clear beginning and end 
and last for just a few moments, discrete and 
serial movements are generally supported by 
the phosphagen system. Cyclical movements 
conducted at very high intensities may be 
supported by the glycolytic system. However, 
when the cyclical movements continue on for 
long periods of time at lower intensities or when 
the high-intensity (serial or cyclical) actions are 
interspersed with rest or recovery periods (think 
sprint intervals or high-intensity intermittent 
training), the aerobic energy system, with its 
responsibility for extended duration activities, 
takes over the support duties.

A tennis match consists of repeated serial actions 
(<10 sec each) interspersed with brief rest periods 
(approximately 20-40 sec) between points. The 
entire match varies in duration, potentially lasting 
several hours.

Don’t worry, there’s no quiz after this section, 
but general knowledge of the energy systems 
used during the sport or activity of interest and 
the physical fitness attributes to be evaluated will 
aid in the appropriate selection of assessments. 
For example, a testing battery consisting of the 
following assessments may be appropriate for the 
sport of tennis (5):

 ■ Reactive agility test to evaluate speed, 
balance, and coordination

 ■ Repeated sprint ability test to evaluate 
speed

 ■ Vertical jump to evaluate lower-body power 
or explosiveness

 ■ Medicine ball throw to evaluate upper-body 
power or explosiveness

 ■ Three-repetition maximum squat test to 
evaluate lower-body strength

 ■ Intermittent shuttle run test to evaluate 
cardiorespiratory fitness

Predominance Versus Influence
Some situations might warrant a more thorough 
evaluation of the goals of the client or intended 
activities of the athlete. These evaluations can 
become very complex, spanning from knowledge 
gleaned from time motion analysis to energy 
system contributions—perhaps without reason 
or to the detriment (or at least confusion) of the 
evaluator. Examples from two separate sports 
can be used to illustrate this issue. Time motion 
analyses of soccer matches reveal that the greatest 
portion of the game is spent walking (23), and 
during combat sports, research shows that the 
aerobic energy system is primarily used (8). In 
both cases, an evaluation conducted without 
knowledge of the activity might lead the uniniti-
ated to determine that the most important 
assessments would fall within the realm of 
cardiorespiratory fitness. However, coaches and 
trainers would be quick to tell you that speed 
and agility for soccer players and power for 
combat sports athletes should be the primary 
focus. That is not to say that cardiorespiratory 
fitness is irrelevant in either case, but it does 
help us understand that we must consider both 
the predominant attributes for a given activity as 
well as the decisive attributes that lead to success.

Client or Athlete Constraints
As mentioned previously, Newell’s model of 
constraints is commonly used to describe the 
“optimal coordination and control of an activity 
(16, 21).” In this regard, the identification of the 
potential individual, task, and environmental 
constraints to movement or human performance 
may assist in the appropriate selection of 
assessments.

Individual Individual constraints reflective of 
the client’s or athlete’s physical and psychologi-
cal state will likely affect which assessments 
are selected. In particular, body composition 
may dictate if an individual can successfully 
complete an assessment or if the results need to 
be interpreted with respect to key anthropometric 
factors, such as body weight, height, arm and leg 
length, etc. The nature of certain protocols may 
limit their applicability to all individuals, and 
special consideration should be given to children 



38 Assessments for Sport and Athletic Performance

and older adults to ensure safety. Advanced 
maturity (both physical and psychological), 
fitness level, and training experience of the 
client or athlete may allow for more complex 
and physically demanding assessments to be 
conducted. Depending on the severity or location, 
preexisting injury or the potential for injury 
may preclude some individuals from complet-
ing specific assessments. The availability of sex/
gender-specific normative data (and a variety 
of other individual factors) may also pose a 
limitation.

Task Task constraints reflecting the nature or 
demands of the sport or activity of interest and the 
corresponding physical fitness attributes strongly 
influence which assessments are appropriate 
for a specific client or athlete. This is where the 
concept of specificity is particularly important, 
and agreement between the task constraints, 
the physical fitness attribute, and the selected 
assessment is crucial. The work-to-rest ratio of 
specific sports may dictate the types of physical 
fitness attributes and corresponding assessments 
that should be used. Considering the previous 
example from soccer, where a typical work-to-rest 
ratio is greater than 1:4 (11), the relevant work 
represents short-duration sprints and changes 
in direction whereas the extended-duration 
rest periods represent walking and standing. 
In this case, short-distance speed and agility 
assessments may be selected. For some athletes, 
the requirements of specific playing positions will 
likely dictate which assessments are relevant. For 
example, in American football, vertical jump tests 
may be more appropriate for wide receivers, who 
are expected to catch the ball at as high of a point 
as possible, than for offensive linemen, who are 
expected to defend opposing linemen by pushing 
them away and for whom tests of maximal upper 
strength and endurance may be more appropri-
ate. The competitive level or level of participa-
tion, and potentially the rule set, of the sport or 
activity of interest may also have an impact on the 
assessment selection.

Environmental Several environmental constraints 
could have an effect on the assessment selection, 
including the policies of the training facility or 
sporting organization, such as limitations on 
the type of information that can be measured or 
interpreted, and the physical environment, such 

as indoor or outdoor facilities, noise, privacy, etc. 
Furthermore, social norms as well as expecta-
tions from coaches or fitness professionals and 
other individuals in the client or athlete support 
group (administrators, family, friends, boosters) 
with respect to the type of assessments conducted 
and the information made available must also be 
considered. In general, environmental or organiza-
tional support for change and continuous improve-
ment will aid in the selection and implementation 
of assessments.

VALIDITY
The concept of validity is different than usefulness, 
as mentioned previously, and can be applied to 
assessments in a variety of ways (7, 15, 18). In 
general, validity—or, more specifically, logical or 
face validity—refers to the ability of an assessment 
to measure what it is intended to measure, but it 
can be expanded to include the notion of ecologi-
cal validity where the results of the assessment 
make sense in the real world outside of the testing 
environment. From a research perspective, a valid 
assessment means that it provides values similar 
to the best available methods to evaluate a particu-
lar physical fitness attribute. For example, an 
assessment aimed at estimating aerobic capacity 
might be considered valid if it provides values 
similar to maximal oxygen uptake determined 
using gas exchange analysis with a metabolic cart.

Due to some l imitations with the direct 
comparison of field-based measures used during 
assessments and gold-standard laboratory-
based measures, coaches or fitness profession-
als often rely on a strong correlation between 
these two types of measures, which is referred 
to as concurrent validity. Ecological validity 
is one of these issues where discrepancies 
between clinical-type outcomes measured in a 
more controlled setting (e.g., a laboratory) and 
performance outcomes measured in a setting more 
likely to be encountered by clients or athletes 
could lead to the inability to generalize the results. 
Another form of validity, discriminant validity, 
occurs when the results of a specific assessment 
can effectively differentiate between individu-
als who would be expected to possess different 
physical fitness attributes (e.g., athletes versus 
nonathletes, endurance athletes versus strength 
or power athletes, etc.). The assessments included 
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in this text have been selected with these types 
of validity considerations in mind. However, 
coaches or fitness professionals should be sure 
to consider how valid a specific assessment is for 
their particular situation.

RELIABILITY
The concept of reliability, which refers to the 
consistency of obtaining a specific value (7), has 
been addressed previously with respect to the 
implementation of assessments and the equipment 
used to conduct the assessments. A reliable 
assessment that is highly correlated to the gold 
standard, but that may not provide the exact same 
outcome, can still be used to verify changes in a 
particular physical fitness attribute. The term 
precision can be considered a subcategory of both 
reliability and validity, describing how confident 
one can be about a given data point (7). More 
specifically, precision gives us an approximate 
range in which a specific result might fall. For 
example, we can be confident that a body mass 
of 220 pounds (99.8 kg) measured on a scale 
with a precision 0.1 pounds (0.05 kg) is between 
219.9 and 220.1 pounds (99.74 and 99.84 kg). This 
confidence in the measurement of a particular 
physical fitness attribute allows us to appropri-
ately compare changes between assessment 
sessions. Because one of the primary purposes of 
assessment is to determine if improvements in the 
athlete’s or client’s performance have been made, 
the coach or fitness professional must consider the 
reliability of the selected assessments with respect 
to the actual protocol, the testing environment, 
and the equipment.

ATHLETE OR CLIENT STAGING
The number of athletes or clients that need to be 
evaluated and the time available to complete the 
assessments are primary questions that need to 
be addressed. This information will dictate the 
types of assessments selected, the amount of 
equipment needed, and the number of personnel 
or staff required. Depending on the assessments 
and available resources, athletes or clients may 
need to be evaluated individually, such as reactive 
agility testing during which external distractions 
may compromise performance, or in manageably 

sized groups, such as endurance tests or shuttle 
runs. The final determination relies heavily on 
the coach’s or fitness professional’s knowledge of 
requirements of the activity or sport, the athletes 
or clients, and the testing environment.

SEQUENCING
Because several assessments are usual ly 
conducted in the form of a testing battery, 
coaches or fitness professionals must consider 
the time needed for each assessment (including 
rest or recovery time), how many assessment 
sessions will be needed, the number of clients 
or athletes to be tested, and the order in which 
the assessments are completed. Generally, 
assessments should be arranged in such a manner 
that the previous assessment does not result in 
decreased performance on the next assessment 
(24). With this in mind, nonfatiguing assessments 
should be conducted first, followed by speed or 
agility, power, muscular strength or endurance, 
and cardiorespiratory fitness assessments. These 
general guidelines may need to be modified 
depending on the specific assessments selected, 
with an attempt to perform tasks requiring more 
skill before physically exhausting tasks, and 
those relying on strength prior to those relying 
on endurance (15, 18). If the total time needed 
to complete the selected assessments is longer 
than the time available, multiple sessions must 
be scheduled within the given time constraints. 
In this case, separating the assessments with 
consideration for the previously mentioned 
guidelines is recommended.

The time between assessment sessions should 
be sufficient to allow recovery from the first 
session (hours to days depending on intensity of 
the assessments) but not so long that the general 
fitness of the clients or athletes might be suscepti-
ble to change. Furthermore, if a large number of 
clients or athletes need to be tested, they may need 
to be separated into different sessions. Depending 
on the number of testing stations, assessments 
that may not cause limited residual fatigue for 
each other could be grouped and completed before 
moving on to more physically taxing assessments. 
This approach might expedite the assessment 
session by minimizing the rest time between 
assessments.
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TIMING
Timing is another consideration when implement-
ing assessments. Time limitations may stem from 
decisions related to sport- or activity-specific 
requirements (will the assessment adversely 
affect training time or progression?), client or 
athlete availability (will the assessment adversely 
affect the client’s or athlete’s other personal or 
professional commitments?), and coordinating 
with facilities and other staff or personnel (are 
any special accommodations required?).

It is recommended that baseline assessments 
be conducted during times of relative training 
stability prior to engaging in planned training 
progression. The preseason timeframe or the 
transition between training cycles are commonly 
selected for baseline evaluation; however, results 
from a single baseline assessment may be limited 
due to difficulties associated with identifying 
relative training stability in a large group of clients 
or athletes. Therefore, assessments conducted 
at regular intervals should be considered. The 
duration of regular intervals will vary by situation, 
but periods of transition, such as pre- to postsea-
son or between training phases, provide great 
opportunities for assessment that aid in future 
planning. Adequate time between assessments 
should be given to allow for intervention-related 
adaptations. For youth athletes, assessment every 
three months is recommended to account for 
maturity-related growth and development (25).

AVAILABILITY OF 
NORMATIVE DATA

The selection of specific assessments may 
be dictated by the availability of normative 
data against which the results of the client or 
athlete can be compared. This normative data 
is developed from a group of standard values or 
norms from either a large number of different 
individuals (providing a comparison to the 
general population) or from a large group of 
people who share some similarities (providing a 
comparison to specific populations of interest). 
The specific populations of interest are useful 
and become much more relevant when they 
match the demographics of the client or athlete 
being evaluated (similar age, gender/sex, sport 
or activity, skill level, etc.). While some coaches 

or fitness professionals will have accumulated 
enough assessment results from their own clients 
or athletes to allow for comparison, existing 
normative data will be provided for the included 
assessments in subsequent chapters.

Taken together, the previously outlined physical 
fitness attributes (or subsets of the attributes 
deemed relevant for a particular situation) and 
the assessments selected to represent them 
can be used to represent the fitness profile (or 
strengths and weaknesses) of the client or athlete. 
The values measured for each attribute can 
be compared to normative data, and using the 
previously described terminology, the client or 
athlete can be evaluated as suboptimal, typical, or 
outstanding for each physical fitness attribute. An 
example spider plot (also called a radar chart), 
depicted in figure 3.3, includes the physical fitness 
attributes described in this chapter. To illustrate 
how to interpret the spider plot, bell-shaped 
curves, as explained in chapter 1, have been 
included along with the shaded regions represent-
ing suboptimal, typical, and outstanding values.

This information can enhance the decision-
making process by providing a visual representa-
tion of the relevant assessments. For example, 
deviations from typical values for specific physical 
fitness attributes may be used to determine if 
specific interventions should be selected or if the 
client or athlete is more developed, at the same level 
as, or behind their peers. The spider plot in figure 
3.4 depicts an athlete who appears to have particu-
larly developed flexibility, balance, power, and 
explosiveness but lacks cardiorespiratory fitness. 
Conversely, figure 3.5 depicts an athlete who 
appears to have particularly developed cardiore-
spiratory fitness but lacks muscular strength and 
endurance.

Following a review of the client’s or athlete’s 
fitness profile or the profiles of an entire team or 
group of clients, the coach or fitness professional 
can make decisions, including the modifica-
tion of training programs or adoption of some 
intervention, to address these findings. Follow-up 
assessment can then be used to see if the selected 
response was successful by comparing the previous 
(black line and markers) and current results (white 
line and markers) as depicted in this spider plot 
(see figure 3.6). In this case, muscular strength 
and endurance appears to have improved from 
suboptimal to typical along with small changes in 
several other physical fitness attributes.
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Figure 3.3 An example spider plot (or radar chart).

Figure 3.4 A spider plot showing developed fl exibility, balance, power, and explosiveness but defi -
cient cardiorespiratory fi tness.

GENERAL 
RECOMMENDATIONS

Prior to outlining specific assessments related 
to the previously mentioned physical fitness 
attributes, a number of general recommenda-
tions for supporting these procedures should 
be reviewed. These include procedures related 
to client or athlete screening, familiarization, 
pretesting guidelines, warm-up, and delivery of 
the assessments.

PREPARTICIPATION 
SCREENING AND PHYSICAL 
EXAMINATION
The general health and ability to participate in 
exercise of the client or athlete must be verified 
prior to engaging in assessments. For the purpose 
of this text, it is generally assumed that the client 
or athlete is currently involved with the sport or 
activity of interest and has already been cleared 
to participate by means of a physician or some 
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other manner. The self-guided Physical Activity 
Readiness Questionnaire for Everyone (PAR-Q+), 
provided in figure 3.7 (starting on page 44),, 
starting on page 44 may be an option to help 
identify when physician clearance is warranted. 
It should also be noted that some preexisting 
conditions, such as lingering injuries or impaired 
movement patterns, may warrant special consider-
ations by the coach or fitness professional when 
selecting assessments.

Figure 3.5 A spider plot showing particularly developed cardiorespiratory fitness but deficient mus-
cular strength or endurance. E7208/Fukuda/Fig 03.05/607469/TB/R2

Flexibility and balance

Anthropometrics and body composition

Speed and agilityPower and explosiveness

Muscular strength and endurance

Cardiorespiratory fitness

Strength and conditioning assessments

Suboptimal

Typical

Outstanding

Suboptimal

Typical

Outstanding

E7208/Fukuda/Fig 03.06/607470/TB/R2

Flexibility and balance

Anthropometrics and body composition

Speed and agilityPower and explosiveness

Muscular strength and endurance

Cardiorespiratory fitness

Strength and conditioning assessments

Suboptimal

Typical

Outstanding

Suboptimal

Typical

Outstanding

Figure 3.6 A spider plot showing comparative improvements.

FAMILIARIZATION
Conducting several familiarization (or practice) 
assessments prior to the official data collection 
allows both the client or athlete and coach or 
fitness professional to become acquainted with 
the procedures and equipment. This run-through 
session will help identify any procedural issues or 
external influences that might affect the ability 
to achieve the most useful and relevant results. 
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The ability to quickly pick up novel tasks, termed 
the learning effect, through rapid improvements 
related to motor learning or tactical strategy may 
need to be considered. Thus, the use of familiar-
ization assessments may allow the client or 
athlete to move along the learning curve in order 
to clearly identify changes related to training 
programs or other interventions.

PRETESTING GUIDELINES
Just as relative training stability is desired, daily 
homeostatic conditions (defined as equilibrium 
within the surrounding environment) are also 
recommended. This includes factors related to 
hydration, diet, residual fatigue from previous 
physical activity, and sleep that can be addressed 
through communicating specific pretesting 
guidelines (18). Due to these recommendations 
and to account for daily variations in biologi-
cal activity, assessment sessions are normally 
conducted during a specified time of day. In 
order to minimize drastic alterations in eating 
and drinking habits, the morning hours are the 
most common time to complete body composi-
tion testing. Clients or athletes should avoid 
engaging in high-intensity physical activity for 
a period of approximately 24 hours before the 
assessment and to avoid large meals for a period 
of 2 to 4 hours (4-6 for weight testing) prior 
to testing depending on requirements of the 
assessments. If a novel intervention has recently 
been completed, particularly with respect to 
resistance training, performance improvements 
may be delayed and additional de-loading and 
de-training time may be needed to capture 
changes adequately. When the assessment 
results are used as indicators of competitive 
readiness, coaches and clients or athletes might 
consider minimally fatiguing assessments 
prior to real competition or more demanding 
assessment procedures prior to simulated 
competition. This approach would allow clients 
or athletes to engage in their standard prepara-
tion, which does not always represent stable 
day-to-day conditions.

WARM-UP
Prior to engaging in assessments, some form of 
general and activity-specific warm-ups should be 
completed (15). It is recommended that the client 
or athlete avoid extended duration static stretching 

prior to most assessments because this may result 
in potentially negative effects on performance. 
Thus, dynamic movements of progressively increas-
ing intensity should be employed. An example of a 
general warm-up is outlined in table 3.2 (starting 
on page 48). For the purpose of this text, activity-
specific warm-ups will be communicated within 
the assessment protocols in subsequent chapters.

CLEAR AND CONCISE 
ASSESSMENT PROTOCOLS
In order to trust the data and effectively compare 
the results between indiv iduals and time 
points, standardization of procedures through 
consistent delivery and execution of assessments 
is of paramount importance. Therefore, effective 
communication should be used both when describ-
ing and conducting assessments so that the 
client or athlete has a clear understanding of the 
expectations. As mentioned previously, instruc-
tional delivery may be enhanced by using a written 
script that has been practiced and adapted by the 
coaches or fitness professionals for the specific 
situation. This approach lends itself to the ability 
to identify and minimize deviations from the 
protocol between testing sessions. However, when 
deviations do occur (such as clients or athletes 
altering their movement patterns or arriving in 
a compromised state, such as little to no sleep or 
wearing less than desirable clothing or footwear), 
the coach or fitness professional should record 
these potential issues in the testing notes for 
consideration with the assessment results.

Standardization will be aided by having the 
same coach or fitness professional conduct a given 
assessment for all of the clients or athletes to be 
tested. This practice will minimize differences in 
instructional delivery and increase the comfort 
level of the client or athlete while tempering the 
influence of personality, encouragement, and 
feedback given on performance. Whenever possible, 
positive feedback should be provided with the 
intention of maintaining high levels of engagement 
and motivation in the assessment environment. 
With this in mind, it is particularly important 
that the coaches or fitness professionals verify 
that the necessary levels of effort are achieved 
during testing and that, when applicable, clients 
or athletes do not enlist any pacing strategies 
(withholding effort for specific moments during the 
test). In both cases, the results may not be valid and 
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Figure 3.7 Physical Activity Readiness Questionnaire.
Reprinted with permission from the PAR-Q+ Collaboration and the authors of the PAR-Q+ (Dr. Darren Warburton, Dr. Norman Gledhill, 
Dr. Veronica Jamnik, and Dr. Shannon Bredin).
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Figure 3.7 (continued)
Reprinted with permission from the PAR-Q+ Collaboration and the authors of the PAR-Q+ (Dr. Darren Warburton, Dr. Norman Gledhill, 
Dr. Veronica Jamnik, and Dr. Shannon Bredin).
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Figure 3.7 (continued)
Reprinted with permission from the PAR-Q+ Collaboration and the authors of the PAR-Q+ (Dr. Darren Warburton, Dr. Norman Gledhill, 
Dr. Veronica Jamnik, and Dr. Shannon Bredin).
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Figure 3.7 (continued)
Reprinted with permission from the PAR-Q+ Collaboration and the authors of the PAR-Q+ (Dr. Darren Warburton, Dr. Norman Gledhill, 
Dr. Veronica Jamnik, and Dr. Shannon Bredin).
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Table 3.2 General Warm-Up

Exercise Time/reps

1. Low- to moderate-intensity 
exercise (jogging, cycling, or 
rowing at a pace during which the 
client or athlete can easily hold a 
conversation)

5 minutes

2. Bodyweight squats 10 times

3. Bodyweight walking lunges 10 times

4. Arm circles 10 times

5. Walking hamstring stretches 
(knee tucks)

10 times
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Exercise Time/reps

6. Arm swings 10 times

7. Walking quadricep stretches (heel 
kicks)

10 times

8. Push-ups 10 times

9. Bodyweight squat jumps 10 times
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the assessment may need to be repeated.

SUMMARY
A wide variety of factors influence the selection of 
assessments. The needs of the client or athlete and 
coach or fitness professional must be considered 
while being aware that the availability of some 
resources, including time, may be l imited. 
Assessment selection involves the determination 
of the basic physical fitness attributes necessary 
to contend with the movement patterns and 

metabolic requirements of the sport or activity of 
interest. This alignment can be supported by an 
understanding of the individual, task, and environ-
mental constraints that exist as well as the basic 
principles of assessment, including validity and 
reliability. Following client or athlete screening, 
familiarization, pretesting guidelines, warm-up, 
and delivery procedures will support successful 
completion of the selected assessments. Finally, 
identification of assessments with normative data 
allows for the coach or fitness professional to 
engage in an informed evaluation of the client’s 
or athlete’s physical fitness profile as part of the 
continuous improvement process.
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The second section of this book provides assessment protocols for the basic � tness 
attributes covered in part I, including anthropometric and body composition, � exibility 
and balance, agility and sprinting, power, muscular strength and endurance, and cardiore-
spiratory � tness. The assessments are comprehensively presented with example scripts, 
research notes, and normative data. The � nal chapter has a slightly different format in 
order to highlight the concept of monitoring training, which is typically conducted on 
a more frequent basis than the assessment of basic � tness attributes.

ASSESSMENT PROTOCOLS

II
P A R T
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Anthropometr ic measurements and body 
composition are commonly used to evaluate 
the general health of clients or athletes. The 
importance of these values varies greatly 
depending on the sporting context and goals 
of the individuals being evaluated. Extreme 
anthropometric values, such as a high body mass 
index or waist-to-hip ratio, are used as red flags 
for disease risk classification, while segmental 
circumferences and skinfold thicknesses may be 
used for comparative purposes and to estimate 
changes in body composition and aesthetics. 
Many people focus on body fat percentages; 
however, we often rely on estimation equations 
developed in small groups of people that have yet 

Anthropometrics and Body 
Composition

“Most of the world will make decisions by either guessing or using their gut. 
They will be either lucky or wrong.”

Suhail Doshi, CEO, Mixpanel

to be truly vetted with respect to their ability to 
track changes over time. Therefore, whenever 
possible, it is suggested that the actual measured 
values be recorded and evaluated. Because body 
composition and its relationship to performance 
is highly individualized, the terms low and high
are used in this chapter rather than suboptimal
and outstanding. The assessments covered in 
this chapter are as follows:

� Weight, height, and body mass index (11, 15)
� Segmental circumferences (8, 11)
� Skinfold assessment (body fat percentage,

fat mass, and fat-free mass) (8, 11)
� Bioelectrical impedance analysis (8)

CHAPTER 4
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WEIGHT, HEIGHT, AND BODY MASS INDEX

Purpose
Body weight and standing height provide standard physical measures of the client or athlete. 
Body mass index is typically used for health risk classification but may also be used as a general 
indicator of body size relative to height.

Outcomes
Body weight in pounds (lb) or kilograms (kg); standing height in inches (in.) or centimeters 
(cm); body mass index in kilograms per meters squared (kg/m2)

Equipment Needed
Balance beam (or digital scale) and wall-based or freestanding stadiometer (height measuring 
device); or combined scale and stadiometer; calculator or nomogram

Before You Begin
The time of day selected to conduct height and weight testing should be standardized because 
variations in both occur throughout typical 24-hour periods. The client or athlete should be 
instructed to refrain from eating and to maintain adequate hydration for four to six hours 
prior to the assessment session. Ensure that the scale or stadiometer is positioned on a stable, 
flat surface. During assessments, it is suggested to have another person present to record the 
values and repeat them back for clarification. Appropriate consideration should be given to 
the privacy of the client or athlete, including access to changing rooms and the comfort level 
or familiarity with those present during the assessment procedures.

Protocol

Body Weight

1. Begin the procedure by saying the following to the client or athlete: “We are going to 
measure your body weight. Are you ready to begin? If so, please remove any unneces-
sary items of clothing, including shoes, socks, and jewelry.” Usually the weight of the 
necessary clothing (T-shirt and shorts), is minimal and it is recommended that similar 
clothing items be worn for each assessment. If a true nude weight is needed, the weight 
of the clothing can be taken separately and subtracted from the clothed weight.

2. Verify that the scale reads zero by consulting the digital readout for a digital scale or 
that the balance beam of a balance beam scale is centered when the sliding weight is 
placed at the zero mark.

3. Say to the client or athlete: “Step onto the scale platform with feet shoulder-width apart 
and hands and arms at the side of the body. Please remain as still as possible until we 
have successfully recorded your body weight.”

4. Record the body weight value on the digital readout for a digital scale or the position 
of the sliding weight where the balance beam is centered using a balance beam scale to 
the closest 0.25 pound (0.11 kg).

5. Upon completing the assessment say, “Thank you,” and instruct the client or athlete: 
“Step off of the scale.”
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Standing Height

1. Begin the procedure by saying the following to the client or athlete: “We are going to 
measure your body weight. Are you ready to begin? If so, please remove your shoes 
and socks as well as any headwear and accessories.”

2. Direct the client: “Stand with your back to the measuring device [touching the wall for 
a wall-mounted stadiometer or the vertical column of a free-standing stadiometer/
medical scale] with your feet shoulder-width apart and hands and arms at the side of 
your body.”

3. Say to the client or athlete: “Please look directly forward and try to keep your chin 
parallel with the ground.” If necessary, and after receiving confirmation to the question, 
“May I help adjust your head into the appropriate position to determine your height?” 
adjust the client’s or athlete’s jawline to horizontally align the lower portion of the eyes 
with the central opening of the ears.

4. Next, instruct the client or athlete: “Stand as tall as possible and take a deep inward 
breath while I complete the measurement.” During this time, place the horizontal level-
ing arm at the highest point of the client’s or athlete’s head.

5. Record height to the closest 0.25 to 0.5 inch (0.64 to 1.27 cm).

6. Upon completing the assessment, direct the client or athlete: “Step away from the 
stadiometer.”

Alternatives or Modifications
If sitting height or leg length is desired, repeat the standing height procedures but ask the client 
or athlete to be in the seated position with feet on the floor and the muscles of the lower body 
relaxed. Leg length can then be estimated by subtracting sitting height from standing height.

After You Finish
Body mass index can be manually calculated as body weight divided by standing height squared 
(as kg/m2). You might need to first convert pounds to kilograms (pounds divided by 2.2) and 
inches to meters (inches multiplied by 0.254). An alternative to calculating body mass index 
is the use of the nomogram provided in figure 4.1.

Research Notes
While body mass index is typically used to classify health status by means of assessing if an 
individual is over- or underweight for a given height (see table 4.1), this approach may not be 
appropriate for those with excessive muscularity who would likely fall into the overweight or 
obese categories due to the inability to distinguish between body fat and muscle tissue. Body 
mass index certainly differs among athletes according to the sporting event. In track athletes, 
increases in body mass index can be seen when the competitive distances get shorter (or the 
average speeds become greater), with most 100-meter sprinters displaying values of approxi-
mately 24 kg/m2, followed by 23 kg/m2 in the 200-meter, 22-23 kg/m2 in the 400-meter, 21 
kg/m2 in the 800-meter and 1500-meter, and 20 kg/m2 in the 10,000-meter and marathon. 
Interestingly, there is much greater variation in body mass index in the shortest or fastest events 
than in the longer or slower events, indicating that certain biomechanical and physiological 
factors other than solely anthropometrics likely play a role in sprinting performance (17).
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Figure 4.1 Nomogram for body mass index

Table 4.1 Body Mass Index (BMI) Classifications

Classification BMI value

Underweight <18.50

Normal weight 18.50-22.99
23.00-24.99

Overweight 25.00-27.49
27.50-29.99

Obesity Class I 30.00-32.49
32.50-34.99

Class II 35.00-37.49
37.50-39.99

Class III >40.00

Data from World Health Organization, “Appropriate Body-Mass Index for Asian Populations and Its Implications for Policy and Intervention 
Strategies,” The Lancet 363 (2004): 157-163.
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From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019). Data from World 
Health Organization, "Appropriate Body-Mass Index for Asian Populations and Its Implications for Policy and Intervention 
Strategies," The Lancet 363 (2004): 157-163.
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Normative Data
Body weight classifications are provided for men in figure 4.2 and for women in figure 4.3. 
Table 4.1 provides the risk classifications for body mass index values, while figures 4.4 through 
4.7 provide body mass index reference values across the lifespan and for select groups of male 
and female athletes.
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Figure 4.2 Body weight classifications across the lifespan for men: low—25th per-
centile; typical—50th percentile; high—75th percentile.
Data from (6).
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Figure 4.3 Body weight classifications across the lifespan for women: low—25th 
percentile; typical—50th percentile; high—75th percentile.
Data from (6).
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Figure 4.4 Body mass index classifications across the lifespan for men: low—25th 
percentile; typical—50th percentile; high—75th percentile.
Data from (6).

Figure 4.5 Body mass index classifications across the lifespan for women: low—25th 
percentile; typical—50th percentile; high—75th percentile.
Data from (6).
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Figure 4.6 Body mass index values for select groups of male athletes: low—25th percen-
tile; typical—50th percentile; high—75th percentile.
Data from (16).

Figure 4.7 Body mass index values for select groups of female athletes: low—25th per-
centile; typical—50th percentile; high—75th percentile.
Data from (16).
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SEGMENTAL CIRCUMFERENCES

Purpose
Assessment of segmental circumferences help evaluate health risks associated with regional 
mass (or fat) distribution through waist-to-hip ratio as well as anthropometric characteristics 
relative to segmental mass (arms, legs, and torso).

Outcomes
Circumference of specific segments of the body in inches (in.) or centimeters (cm); waist-to-
hip ratio

Equipment Needed
Flexible measuring tape; calculator or nomogram

Before You Begin
The time of day selected to perform circumference assessments should be standardized. The 
client or athlete should be instructed to refrain from eating and to maintain adequate hydra-
tion for four to six hours prior to the assessment session. During assessments, it is suggested 
to have another person present to record the values and repeat them back for clarification. 
Appropriate consideration should be given to the privacy of the client or athlete, including 
access to changing rooms and the comfort level or familiarity with those present during the 
assessment procedures.

Protocol
1. Begin the procedure by saying the following to the client or athlete: “We are going to 

measure the circumference of several parts of your body. Are you ready to begin? If so, 
please remove any unnecessary items of clothing, including shoes, socks, and jewelry.”

2. Once the client or athlete is prepared, continue by stating: “After locating specific land-
marks, we will use a measuring tape to determine the distance around certain segments 
of your body. Please remain relaxed and breathe normally while I’m completing the 
measurements.”

3. After identifying the appropriate landmarks on the right side of client’s or athlete’s body, 
as indicated in figure 4.8 and table 4.2, wrap the measuring tape around the segment 
of the body, ensuring that it is parallel to the ground while lying flat on the skin with no 
twists or bends and minimal compression of the underlying tissue (see figure 4.9). If a 
Gulick attachment is used, make sure that the spring-loaded mechanism is stretched to 
the same mark each time.

4. After attempting to place your eyes in line with the tape, record the measurement after 
the end of normal exhaled breath.

5. Work your way through each of the appropriate circumference locations and repeat each 
measurement until the recorded values are within 5 millimeters (~0.25 in.) of each other.

6. Upon completion of the assessment tell the client or athlete: “Thank you for your coop-
eration.”
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Figure 4.8 Visual representation of anatomical sites for segmental circumferences.E7208/Fukuda/Fig 04.08/607480/TB/R2
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Table 4.2 Description of Anatomical Sites for Segmental Circumferences

Site Description

Arm or upper arm (relaxed) Located on the upper arm halfway between the shoulder and elbow joints; 
measured standing in a relaxed position and with arms at the side of body

Abdominal or waist Located at the narrowest part of the torso between the ribs and the upper 
portion of the hip bone; measured in a relaxed standing position with arms 
at side of the body or folded across the chest and weight evenly distributed 
between the feet

Hip or gluteal Located at the widest part of the hips and buttocks; measured in a relaxed 
standing position with arms at side of the body or folded across the chest 
and weight evenly distributed between the feet

Thigh or mid-thigh Located halfway between the hip joint and the upper corner of the kneecap 
(patella) on the front of the upper leg; measured with arms at the side of 
body and standing in a relaxed position with weight evenly distributed 
between slightly separated feet

Calf Located at the level of the maximal calf circumference taken while seated 
or with the foot placed on a raised box (with the knee and hip joints flexed 
to right angles); measured standing in a relaxed position with weight evenly 
distributed between slightly separated feet and arms at the side of body
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Alternatives or Modifications
The arm circumference measurement can also be completed at the largest portion of the 
upper arm in a flexed position.

After You Finish
The waist-to-hip ratio can be calculated by dividing the waist circumference (not to be con-
fused with the abdominal circumference) by the hip circumference or by using the nomogram 
provided in figure 4.10. Waist-to-hip ratios are commonly used to differentiate between 
individuals who accumulate fat in the waist (apple or android body type) and individuals who 
accumulate fat in the hips (pear-shape or gynoid body type) as well as their relative risks for 
disease. The ratio is also an indicator of the relative distribution of mass, which likely affects 
an individual’s center of gravity and a measure of balance termed postural stability. Segmental 
circumference values may be paired with skinfold thickness values from the same area of the 
body (covered in this chapter) to give a general estimate of the composition of the underlying 
tissues (fat and fat-free mass).

Research Notes
In the sport of rhythmic gymnastics, anthropometrics are highly related to performance out-
comes. Interestingly, anthropometric values and aerobic capacity have been shown to equally 
contribute to the variability in competitive ranking scores while flexibility, power or explosive-
ness, and anaerobic capacity play lesser roles. Furthermore, while segmental circumferences 
may be similar between elite and non-elite gymnasts, the correlations with ranking scores 
earned during a national event appeared to be much greater for the elite competitors (5).

Normative Data
Figures 4.11 and 4.12 provide risk classifications for waist-to-hip ratio values in men and women, 
while figures 4.13 through 4.20 provide segmental circumference reference values for select 
groups of male and female athletes.

Figure 4.9 Circumference measurement example.
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Figure 4.10 Nomogram for waist-to-hip ratio
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Figure 4.11 Waist-to-hip ratio health risk classifications across the lifespan for men.
Data from (8).
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From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019).
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Figure 4.12 Waist-to-hip ratio health risk classifications across the lifespan for women.
Data from (8).

Figure 4.13 Thigh circumference values for select groups of male athletes: low—25th 
percentile; typical—50th percentile; high—75th percentile.
Data from (16).
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Figure 4.14 Thigh circumference values for select groups of female athletes: low—25th 
percentile; typical—50th percentile; high—75th percentile.
Data from (16).

Figure 4.15 Calf circumference values for select groups of male athletes: low—25th per-
centile; typical—50th percentile; high—75th percentile.
Data from (16).
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Figure 4.16 Calf circumference values for select groups of female athletes: low—25th 
percentile; typical—50th percentile; high—75th percentile.
Data from (16).

Figure 4.17 Arm circumference values for select groups of male athletes: low—25th 
percentile; typical—50th percentile; high—75th percentile.
Data from (16).
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Figure 4.18 Arm circumference values for select groups of female athletes: low—25th 
percentile; typical—50th percentile; high—75th percentile.
Data from (16).

Figure 4.19 Abdominal circumference values for select groups of male athletes: low—25th 
percentile; typical—50th percentile; high—75th percentile.
Data from (16).
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Figure 4.20 Abdominal circumference values for select groups of female athletes: 
low—25th percentile; typical—50th percentile; high—75th percentile.
Data from (16).
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SKINFOLD ASSESSMENT

Purpose
Skinfold assessments provide an estimate of body composition.

Outcomes
Skinfold thicknesses in millimeters (mm), sum of measured skinfolds in millimeters (mm), 
estimated body fat percentage

Equipment Needed
Skinfold calipers, pen or marker, measuring tape

Before You Begin
The time of day selected for skinfold assessments should be standardized. The client or athlete 
should be instructed to refrain from eating and to maintain adequate hydration for four to 
six hours prior to the assessment session. The use of body lotion by the client or athlete will 
make skinfold assessments extremely difficult and should be avoided before testing. During 
assessments, it is suggested to have another person present to record the values and repeat 
them back for clarification. Appropriate consideration should be given to the privacy of the 
client or athlete, including access to changing rooms and the comfort level or familiarity with 
those present during the assessment procedures.

Protocol
1. Begin the procedure by saying to the client or athlete: “We are going to measure your 

body fat percentage using skinfold calipers. Are you ready to begin? If so, please remove 
any unnecessary items of clothing or jewelry.”

2. Once the client or athlete is prepared, continue by stating: “In order to get an accurate 
measurement, I will need to firmly pinch and hold your skin with my fingers, which 
may cause some discomfort. If at any point you are in pain and would like to take break 
from the procedure, please let me know. Please remain relaxed and breathe normally 
while I complete the measurements. Are you ready to begin?”

3. After identifying the appropriate landmarks and marking the location of the specific 
skinfold on the right side of the body (see figure 4.21 and table 4.3), use your thumb 
and index finger to firmly pinch the skin and underlying fat in order pull it away from 
the underlying tissue.

4. While pulling the skin and fat away from the underlying tissue, place the jaws of the 
skinfold calipers approximately 1 centimeter (just less than 0.5 in.) below the fingers 
perpendicular to the fold.

5. Let the skinfold calipers settle into the skin for a few seconds and record the measurement 
while still pinching the fold (see figure 4.22 for an example of how skinfold calipers work).

6. Remove the jaws from the fold and release the skin.

7. Work your way through each of the appropriate skinfold locations and repeat each 
measurement until the recorded values are within 1 to 2 millimeters of each other.

8. The average of the two closest measurements can then be calculated.

9. Upon completion of the assessment tell the client or athlete: “Thank you for your coop-
eration.”
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Alternatives or Modifications
While many different skinfold thickness sites exist, the coach or fitness professional may also 
be interested in the measurement of the calf in order to have a value corresponding to lower 
leg circumference. For the calf, measurement is taken at the vertical fold located on the inside 
of the lower leg at the level of the maximal calf circumference and is taken while seated or 
with the foot placed on a raised box while the knee and hip joints flex to right angles.

After You Finish
There are many conversion equations and formulas to estimate body fat percentage from 
skinfold thicknesses. Figure 4.23 provides a nomogram used to simplify this procedure by 

Figure 4.21 Example of skinfold thickness 
measurement.

Table 4.3 Description of Anatomical Sites for Skinfold Thicknesses

Site Description

Chest Diagonal fold located halfway between the arm pit (axilla) and the nipple

Abdominal Vertical fold located 2 cm (~0.75 in.) to the right of the belly button (umbilicus)

Triceps Vertical fold located at the midline on the back of the upper arm halfway between the 
shoulder and elbow joints

Suprailiac Diagonal fold located just above the upper front corner of the hip bone and 2-3 cm (~0.75-
1.25 in.) toward the belly button (umbilicus)

Thigh Vertical fold located halfway between the hip joint and the upper corner of the kneecap 
(patella) on the front of the upper leg taken while weight is shifted to the opposite (left) foot.

Figure 4.22 Measurement with skinfold 
calipers.
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Figure 4.23 Nomogram for body fat percentage using the sum  
of three skinfolds

From W.B. Baun, M.R. Baun, and P.B. Raven, “A Nomogram for the Estimate of Percent Body Fat From 
Generalized Equations,” Research Quarterly for Exercise and Sport 52, no. 3. (1981): 380-384. Reprinted by 
permission of Taylor & Francis Ltd.
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considering the client’s or athlete’s age and the sum of the skinfold thickness values for men 
(consisting of chest, abdominal, and thigh measurements) and women (consisting of tricep, 
suprailiac, and thigh measurements) as outlined in figure 4.21 and table 4.3. After body fat 
percentage values are calculated, they can be divided by 100 and multiplied by body weight 
to determine fat mass. Fat mass can then be subtracted from body weight to determine fat-
free mass. With the depth and breadth, as well as questionable accuracy, in the large number 
of available equations to estimate body density (and then body fat percentage), the coach or 
fitness professional may wish to simply skip this conversion and just record the sum of skinfold 
values to gain a more accurate view of changes between assessments.

Research Notes
Competitive bodybuilders are judged by the appearance of their muscles, which usually requires 
drastic decreases in body fat while maintaining or increasing muscle size. Table 4.4 shows 
unpublished skinfold (SKF) data from a 12-month case study following the contest preparation 
and recovery of a natural bodybuilder (14). Contest preparation entails strict physical training 
and dietary regimens, while tracking of site-specific skinfold thicknesses may help identify 
progress, particularly when gold standard methods are unavailable.
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Normative Data
Due to the potential issues with selecting the appropriate body fat percentage estimation equa-
tions, it is recommended that coaches or fitness professionals use the measured skinfold thickness 
values in conjunction with either body weight or circumferences to evaluate generalized changes 
in body composition values of the client or athlete over time as outlined in figure 4.24. Body fat 
percentage classification values are provided in figure 4.25 for men and figure 4.26 for women. 

Table 4.4 Skinfold Thicknesses and Body Mass Prior to and Following a Competitive 
Bodybuilding Event

  Months   Months

−6 −5 −4 −3 −2 −1 Event +1 +2 +3 +4 +5 +6

Chest (mm) 3 3.5 3.5 3 3.5 3.5 2.25 3.5 6 3.5 4 5.5 6

Abdominal (mm) 15 13 8.5 5 6 5 4.5 9.5 11.5 11 12.5 12.25 9.5

Thigh (mm) 13 12 10 9.25 9 5.5 5.5 11.5 7.5 9 7 10.5 7

Sum of 3 SKF (mm) 31 28.5 22 17.25 18.5 14 12.25 24.5 25 23.5 23.5 28.25 22.5

Body weight (kg) 102.9 99.4 96.5 92.3 90.8 90.2 88.9 91.1 94.6 98.0 98.1 99.5 99.0

Figure 4.24 General interpretation of changes in body composition values relative to 
changes in body weight (or segmental circumferences) and skinfolds.
Adapted from S. Slater, S.M. Woolford, and M.J. Marfell-Jones, “Assessment of Physique.” In Physiological Tests 
for Elite Athletes, 2nd ed., edited by R.K. Tanner and C.K. Gore for Australian Institute of Sport (Champaign, IL: 
Human Kinetics, 2013), 179.
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BIOELECTRICAL IMPEDANCE ANALYSIS

Purpose
Bioelectrical impedance analysis is used to estimate body composition.

Outcomes
Estimated body fat percentage

Equipment Needed
Bioelectrical impedance analysis device

Before You Begin
The time of day selected should be standardized while exercise (approximately 12 hr) and 
alcohol consumption (roughly 48 hr) should be avoided before testing. The client or athlete 
should be instructed to refrain from eating and to maintain adequate hydration for four to six 
hours prior to the assessment session. It is also recommended that clients or athletes empty 
their bladder shortly in advance of the protocol. Appropriate consideration should be given 
to the privacy of the client or athlete, including access to changing rooms and the comfort 
level or familiarity with those present during the assessment procedures. The surface of the 
electrodes should be treated with the manufacturer-recommended wipes or cleaning solution 
between assessments.

Protocol
1. Begin the procedure by saying the following to the client or athlete: “We are going to 

measure your body fat percentage using bioelectrical impedance analysis. Are you ready 
to begin? If so, please remove your shoes and socks as well as any metal objects.”

2. Using the standard prompts of the bioelectrical impedance analysis device, input the 
client’s or athlete’s relevant personal information, which typically includes some com-
bination of age, height, weight (if not measured directly by the device), race, and level 
of physical activity.

3. Next, direct the client or athlete: “Step onto the platform with your feet on the stainless-
steel electrodes. Please remain as still as possible until we have successfully recorded 
your values.”

4. Record the relevant information, including the client’s or athlete’s personal informa-
tion (age, height, weight, race, and level of physical activity) and estimated body fat 
percentage.

5. Upon completing the assessment, direct the client or athlete: “Step off of the platform.”

Alternatives or Modifications
Some bioelectrical impedance analysis devices may use electrodes that require contact with 
the hands.

After You Finish
Because most bioelectrical impedance analysis devices rely on internal conversions, no additional 
calculations or use of equations are required. In extremely lean or obese individuals, estimated 
body fat percentage values from bioelectrical impedance analyses may be substantially dif-
ferent from those calculated using gold standard methods. Fat mass and fat-free mass can be 
determined using the same methods outlined in the skinfold assessment section.
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Research Notes
Bioelectrical impedance analysis is one of the recommended body composition methods 
used to determine the minimum wrestling weight in high school athletes at the beginning of 
the competitive season. After verifying that the athlete is appropriately hydrated, body fat 
percentage is assessed using an approved bioelectrical impedance analysis device, which is 
then used to estimate body weight (and corresponding weight class) at 7 percent body fat for 
boys and 12 percent body fat for girls. For example, a male high school wrestler who weighs 
175 pounds (79 kg) with 12 percent body fat would have a minimum wrestling weight of 166 
pounds (75 kg), while a female high school wrestler who weighs 144 pounds (65 kg) with 15 
percent body fat would have a minimum wrestling weight of 139 pounds (63 kg). In either 
case, the athletes would only be allowed to lose 1.5 percent of their body weight (this number 
varies depending on specific policies) from the initial assessment. Subsequently, this approach 
has been suggested as a means of minimizing the health risks associated with rapid weight 
loss in other combat sports (1).

It should be noted that body fat percentages provided by many bioelectrical impedance 
analysis devices rely on prediction equations that have substantial variability in athletes (12). 
Therefore, whenever possible, coaches or fitness professionals should look to use devices 
with more advanced technologies (bioelectrical impedance spectroscopy or multi-frequency 
bioelectrical impedance analysis rather than single-frequency bioelectrical impedance analysis) 
that are becoming less expensive and more readily available.

Normative Data
Body fat percentage classification values are provided in figure 4.25 for men and figure 4.26 
for women.
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Figure 4.25 Percent body fat classifications across the lifespan for men.
Data from (1a).
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Flexibility and balance assessments may be 
used to evaluate general health and potentially 
mobil ity; however, their relationship with 
performance is not well understood. As such, 
results from evaluations of flexibility and balance 
are typically compared to minimum values that 
reflect acceptable levels of function. With respect 
to flexibility, extreme laxity (or looseness) at a 
given joint may increase the potential for injury. 
The process of aging is often coupled with 
declines in both flexibility and balance. While 
diminished balance may be of little concern 
for most healthy athletes and young people, 
assessments in those with limited functional 
mobility or those recovering from an injury play a 
crucial role in return-to-play or return-to-activity 
decisions. For this reason, it is important to 
collect baseline measures of balance for an athlete 
or client that can be used for comparison in the 
event of an injury. For example, the balance error 

Flexibility and Balance

“Not everything that can be counted counts, and not everything that counts 
can be counted.”

Albert Einstein, Physicist

scoring system and tandem gait are commonly 
used to evaluate cognitive impairments related 
to concussions on the sideline following head 
injuries. Similar to body composition, flexibility 
and balance are highly individualized and must 
be interpreted in the context of the sport or 
activity of interest, so the terms low and high
are used in this chapter rather than suboptimal
and outstanding. The assessments covered in 
this chapter are as follows:

� Sit-and-reach test (12)
� Back-scratch test (12, 24)
� Shoulder elevation test (2, 12)
� Total body rotation test (24)
� Lumbar stability tests (14, 27)
� Functional reach test (26)
� Balance error scoring system (BESS) (22)
� Tandem gait test (1, 25)

CHAPTER 5
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SIT-AND-REACH TEST

Purpose
The sit-and-reach test measures a combination of hip and low back flexibility.

Outcome
Sit-and-reach length in centimeters or inches

Equipment Needed
Measuring stick and adhesive tape

Before You Begin
Secure a yardstick to the floor and place a strip of tape at the 23-centimeter (9.1 in.) mark. A 
standardized warm-up followed by moderate intensity stretching should be conducted prior 
to beginning the assessment.

Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure your 

hip and low back flexibility. Are you ready to begin? If so, please remove your shoes.”

2. Direct the client: “Sit with the yardstick between your legs and place the bottom of your 
heels along the tape at the 23-centimeter (or 9.1-in.) mark. Keep your knees straight 
and your feet 30 centimeters or 10 to 12 inches apart” (see figure 5.1).

3. Next, instruct the athlete or client: “Now overlap your hands and fingers and slowly 
reach forward as far as possible along the yardstick. Once you’ve reached as far as you 
can, please hold that position for two seconds.”

4. Record the greatest length achieved to the nearest centimeter (or 0.25 in.) during the 
movement and ask the athlete or client to relax prior to making three more attempts.

Figure 5.1 Sit-and-reach test.

a b
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Alternatives or Modifications
A sit-and-reach box with heels placed at the leading edge of the box may also be used (see 
figure 5.2a). For individuals who might experience discomfort during the standard protocols, 
the back-saver sit-and-reach test examines each leg separately with knee of the uninvolved 
leg bent and the heel placed on the floor. The back-saver sit-and-reach can be further modi-
fied by having the athlete or client sit on a bench with the foot of the uninvolved leg placed 
on the floor (see figure 5.2b).

a b

After You Finish
The highest value of the trials (typically the fourth attempt) is the final result. If a sit-and-reach 
box is used and the heel placement is not at 23 centimeters (9.1 in.), a zero-point adjustment 
accounting for the difference may be needed to compare with normative data. For example, 
if the sit-and-reach box places the heel at 26 centimeters (10.2 in.), subtract 3 centimeters 
(1.2 in.) from the final result prior to making your comparison.

Research Notes
While much debate exists regarding the relationship between low-back pain and sit-and-reach 
values, considerations for sport- and activity-specific requirements may be particularly relevant. 
Within a given sport, positional characteristics may provide an indication of the potential for 
success. An analysis of the athletes participating in the National Hockey League Combine 
demonstrated that, while goalkeepers tended to possess greater body fat and lower strength 
and explosiveness than other positions, they had significantly greater sit-and-reach scores, 
which indicates the benefits that flexibility provide when attempting to block shots (35)

Figure 5.2 (a) Sit-and-reach and (b) modified back-saver approach.
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Figure 5.3 Sit-and-reach classifications for boys: low—30th percentile; typical—50th 
percentile; high—70th percentile.
Data from (34).

Figure 5.4 Sit-and-reach classifications for girls: low—30th percentile; typical—50th 
percentile; high—70th percentile.
Data from (34).
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Normative Data
Sit-and-reach classification values are provided in figure 5.3 for boys, figure 5.4 for girls, figure 
5.5 for men, and figure 5.6 for women.



81

Figure 5.5 Sit-and-reach classifications across the lifespan for men: low—30th per-
centile; typical—50th percentile; high—70th percentile.
Data from (12).
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Figure 5.6 Sit-and-reach classifications across the lifespan for women: low—30th 
percentile; typical—50th percentile; high—70th percentile.
Data from (12).
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BACK-SCRATCH TEST

Purpose
The back-scratch test is used to measure shoulder flexibility.

Outcome
The overlap or gap between the fingers in centimeters or inches

Equipment Needed
Ruler or yardstick; measuring tape

Before You Begin
A standardized warm-up, including arms swings, arm circles, and shoulder rotations, should 
be conducted prior to beginning the assessment.

Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure your 

shoulder flexibility by evaluating how far you can overlap your fingers behind your 
back. Are you ready to begin?”

2. Direct the athlete or client: “Raise your right elbow toward your right ear and reach 
down your back as far as possible. Now start with your left arm directly by your side 
and slowly move your elbow towards the middle of your back while reaching your left 
hand up as far as possible toward (or past) your right hand. Try to the hold this position 
for two seconds” (see figure 5.7a).

3. While the athlete or client is completing the attempt, use a ruler or measuring tape to 
record the greatest finger overlap length achieved to the nearest centimeter or quarter 
inch (see figure 5.7b) and, prior to making three more attempts, instruct the client: 
“Please bring both of your arms back to your side.” If the athlete or client is not able 
to overlap the fingers of the right and left hands, measure the gap between the fingers 
and record the result as a negative value.

4. Next, direct the client: “Repeat the same procedure but with your left hand coming 
from above and your right hand coming from below.”

5. Once again, use a ruler to record the greatest finger overlap length achieved or gap 
between the fingertips to the nearest centimeter or quarter inch and, prior to making 
three more attempts, ask the client: “Please bring both of your arms back to your side.”

After You Finish
The highest value of the trials (typically the fourth attempt) for each side are the final results. 
The individual values for the left and right sides can be evaluated or the average value from 
both sides can be calculated as follows:

Right side score (in cm) left side score (in cm)
2
+

Research Notes
Many training programs attempt to incorporate both strength and aerobic components into a 
single concurrent exercise regimen. An 11-week intervention (with training 3 times per week) 
showed strength and aerobic improvements for women engaged in serial (consisting of a 
strength session followed by an aerobic session) and integrated (consisting of alternating sets 
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Figure 5.7 Back-scratch test.

of strength and aerobic training in a single session) concurrent exercise. However, the women 
in the serial exercise group exhibited no changes (or even potential decreases) in back-scratch 
scores while the women in the integrated exercise group showed significant increases (6). 
These results are interesting but should be interpreted with caution and within the context of 
the chosen activities of the athlete or client. For example, in the sport of judo, where a well-
developed upper-body musculature may provide some competitive advantage, professional 
athletes have demonstrated lower back-scratch scores compared to recreational athletes (3).

Normative Data
Back-scratch classification values are provided in figure 5.8 for boys, figure 5.9 for girls, figure 
5.10 for men, and figure 5.11 for women.

Figure 5.8 Back-scratch classifications for boys (left and right side): low—30th per-
centile; typical—50th percentile; high—70th percentile.
Data from (5) E7208/Fukuda/Fig 05.08/607512/TB/R1
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Figure 5.9 Back-scratch classifications for girls (left and right side): low—30th percentile; 
typical—50th percentile; high—70th percentile.
Data from (5)
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Figure 5.10 Back-scratch classifications across the lifespan for men: low—25th percentile; 
typical—50th percentile; high—75th percentile.
Data from (20)

Figure 5.11 Back-scratch classifications across the lifespan for women: low—25th per-
centile; typical—50th percentile; high—75th percentile.
Data from (20)
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SHOULDER ELEVATION TEST

Purpose
The shoulder elevation test measures wrist, chest, and shoulder flexibility during an overhead 
movement.

Outcome
Distance from the floor, in inches or centimeters, relative to arm length

Equipment Needed
Measuring stick; PVC pipe or wooden dowel

Before You Begin
A standardized warm-up, including arms swings, arm circles, and shoulder rotations, should 
be conducted prior to beginning the assessment.

Protocol
1. Begin the procedure by saying the following to the athlete or client: “We are going to 

measure your chest and shoulder flexibility. Are you ready to begin?”

2. Direct the athlete or client: “Stand in a relaxed position while holding the PVC pipe 
with your thumbs toward its center and your hands approximately shoulder-width apart 
while I conduct the first measurement” (see figure 5.12a).

3. Measure and record the athlete or client’s arm length as distance between the top of 
the shoulder and the closest portion of the PVC pipe.

4. Next, instruct the athlete or client: “Lie down with your stomach and chest on the floor. 
Raise your arms over your head while holding onto the PVC pipe with your thumbs 
toward its center and your hands approximately shoulder-width apart” (see figure 5.12b).

5. Then say: “Now keep your chin in contact with the floor and slowly attempt to raise the 
PVC pipe as far as possible off of the ground while I check the measurement.”

6. After you measure and record the distance between the floor and the bottom of the PVC 
pipe, direct the athlete or client: “Return to the original position and relax.”

7. Repeat this measurement two additional times.

Figure 5.12 Shoulder elevation test.

a b
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After You Finish
Use the following formula with either centimeters or inches to calculate a score standardized 
with consideration of the arm length of the athlete or client.

Research Notes
While the potential validity of the shoulder elevation test may be clear for overhead athletes, 
this assessment may also have health implications. For example, changes in shoulder elevation 
during military deployments have been reported to be significantly related to the number of 
medical visits for the upper extremities (36). Specifically, examinations of the hands, wrists, 
and shoulders by medical personnel tended to be most common in National Guard soldiers 
who exhibited the greatest decrease in shoulder elevation scores while deployed for 10 to 15 
months.

Normative Data
Shoulder elevation classification values for men and women are provided in figure 5.13.

Shoulder elevation score highest height achieved from the floor
arm length

100= ×

Figure 5.13 Normative data for the shoulder elevation test: low—30th percentile; 
typical—50th percentile; high—70th percentile.
Data from (19a)
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TOTAL BODY ROTATION TEST

Purpose
The total body rotation test measures the flexibility of the trunk and several other joints that 
support this movement.

Outcome
Distance reached, in centimeters or inches, while conducting a total body rotation

Equipment Needed
Two measuring sticks; adhesive tape

Before You Begin
Using adhesive tape, secure two measuring sticks horizontally on a wall at a height approxi-
mately in line with the athlete’s or client’s shoulders. The measuring sticks should be parallel 
to each other and aligned at the 38-centimeter (15 in.) marks, but the top measuring stick 
should be positioned with its “0” end to the left and the bottom measuring stick should be 
upside-down and positioned with its “0” end to the right (see figure 5.14). Finally, place a 
strip of adhesive tape perpendicular to the wall at the 38-centimeter (15 in.) marks of the 
measuring sticks.

Request that the athlete or client remove any heavy or restrictive clothing. A standardized 
warm-up should be conducted prior to beginning the assessment.

Figure 5.14 Alignment of measuring sticks for total body rotation test.
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Protocol
1. Begin the procedure by saying the following to the athlete or client: “We are going to measure 

your ability to rotate your body. Are you ready to begin? If so, please remove your shoes.”

2. Direct the athlete or client: “Start standing with your left shoulder perpendicular to 
the wall and your toes along the tape on the floor. Make a fist with your left hand and 
adjust your body so that you are an arm’s length away from the wall with your feet 
shoulder-width apart and knees slightly bent.”

3. After verifying the correct placement, instruct the athlete or client: “Maintain this posi-
tion and drop your left hand to your side. Make a fist with your right hand and raise 
your right arm parallel to the floor with your palm facing down. Now rotate to your 
right (away from the wall) while reaching your fist as far along the measuring stick as 
possible and hold that position for two seconds” (see figure 5.15).

4. Record the greatest length achieved along the top yardstick by the knuckle of the right 
pinky or little finger to the nearest centimeter or quarter inch and, prior to making three 
more attempts, say to the client: “Return to the starting position and relax.” As a reference, 
a score of 38 centimeters (15 in.) would reflect a 180-degree turn by the athlete or client.

5. Next, instruct the client: “Repeat the same procedure but face the opposite direction 
with your right shoulder perpendicular to the wall and rotate to the left.”

6. Record the greatest length achieved along the bottom measuring stick by the knuckle 
of the left pinky or little finger to the nearest centimeter or quarter inch and, prior to 
making three more attempts, say to the client: “Return to the starting position and relax.”

Alternatives or Modifications
For individuals who may become unstable during the assessments or have limited mobility, 
this test can also be modified to turn toward the wall rather than away (33).

After You Finish
The highest value of the trials (typically the fourth attempt) for each side are the final results. 
The individual values for the left and right sides can be evaluated, or the average value from 
both sides can be calculated as follows:

Right side score (in cm) left side score (in cm)
2
+

Figure 5.15 Total body rotation test.
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Research Notes
Potentially due to their long-time adherence to movement-based exercise, experienced Tai 
Chi practitioners have exhibited greater total body rotation test scores compared to their 
sedentary older-adult counterparts (16). However, short-term exercise interventions may also 
have an influence on this measure. Middle-aged golfers demonstrated significant increases 
in total body rotation following an eight-week conditioning program consisting of strength, 
plyometric, and flexibility training (13).

Normative Data
Total body rotation classification values are provided in figure 5.16 for men and figure 5.17 
for women.
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Figure 5.16 Total body rotation classifications across the lifespan for men (left and 
right side): low—30th percentile; typical—50th percentile; high—70th percentile.
Data from (15)

Figure 5.17 Total body rotation classifications across the lifespan for women (left 
and right side): low—30th percentile; typical—50th percentile; high—70th percentile.
Data from (15) E7208/Fukuda/Fig 05.17/607523/TB/R1
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LUMBAR STABILITY TESTS

Purpose
Lumbar stability tests measure the endurance of the trunk muscles.

Outcome
Accumulated time, in seconds, until the athlete or client is unable to hold the desired position

Equipment Needed
Sturdy table; belts or an assistant to serve as a spotter; stool or chair; 60-degree wedge for 
adults (or 50 degrees for youth); stopwatch or timing device

Before You Begin
A standardized warm-up followed by moderate-intensity stretching should be conducted prior 
to beginning the assessment.

Protocol
Begin the procedure by saying the following to the athlete or client: “We are going to hold 
your trunk in several positions. Are you ready to begin?”

Trunk Extension

1. Direct the athlete or client: “Lie with your hips facing downward and your legs on top of 
the table. Adjust yourself so that your lower body (from the waist down) is supported 
by the table, and use your arms to support your upper body on the stool or chair” (see 
figure 5.18a).

2. Secure the athlete or client to the table with belts around the calves and thighs, or direct 
the spotter to hold the athlete’s or client’s ankles.

3. Next, explain to the athlete or client: “When I say ‘Begin,’ remove your arms from the 
stool or chair and cross them against your chest while keeping your body straight for 
as long as possible.”

4. Verbally signal the athlete or client to begin and use the timing device to record how 
much time is accumulated until the horizontal position can no longer be maintained 
(see figure 5.18b).

Figure 5.18 Trunk extension test.

a b
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Trunk Flexion

1. Direct the athlete or client: “Sit on the table or floor with your arms crossed against 
your chest and your back against the wedge” (see figure 5.19a).

2. Secure the athlete or client to the table with a belt across the feet, or direct another 
assessor to hold the athlete’s or client’s ankles.

3. Next, explain to the athlete or client: “After I say ‘Begin’ and remove the wedge from 
your back, try not to move from this positon for as long as possible.”

4. Verbally signal the athlete or client to begin and use the timing device to record how 
much time is accumulated until the original position can no longer be maintained (see 
figure 5.19b).

Side Bridge

1. Direct the athlete or client: “Lie on your right side on top of the table or floor and prop 
yourself up on your right elbow. Keep both legs straight and place your top foot in front 
of your bottom foot for support.”

2. Next, explain to the athlete or client: “When I say ‘Begin,’ lift your hips off the table 
or floor and keep your body, from your feet to your shoulders, straight for as long as 
possible. Continue to use your right elbow for support and place your left arm across 
your chest with your left hand on your right shoulder” (see figure 5.20).

3. Verbally signal the athlete or client to begin and use the timing device to record how 
much time is accumulated until the hips touch the table or floor.

4. Next, direct the athlete or client: “Repeat the same procedure but on your left side.”

Figure 5.19 Trunk flexion test.

Figure 5.20 Side bridge test.

a b
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Alternatives or Modifications
Each of the lumbar stability assessments can be conducted on its own as deemed appropriate 
by the coach or fitness professional.

After You Finish
In order to evaluate potential deficits among the individual muscle groups, ratios can be cal-
culated by dividing the endurance times from the trunk flexion and side bridge tests by the 
endurance time from the trunk extension test.

Research Notes
Due to the repetitive stresses on the body incurred by competitive gymnasts, low back pain is 
common, with as many as 86 percent of athletes reporting this issue (17). After completing a 
10-week trunk muscle training intervention (twice weekly lasting approximately 15 minutes, 
including isometric holds with bodyweight as well as manual resistance and various abdominal 
exercises, female collegiate gymnasts improved endurance time during side bridge (+50%), 
trunk extension (+10%), and trunk flexion (+32%) assessments (10). Furthermore, no new 
issues related to low back pain were reported over the course of the competitive season.

Normative Data
Normative data for endurance ratios are provided in table 5.1, endurance times for trunk 
extension in figure 5.21, trunk flexion in figure 5.22, right side bridge in figure 5.23, and left 
side bridge in figure 5.24.

Table 5.1 Endurance Ratios for the Trunk Stability Tests

Ratio Flexion/extension Side bridge right extension Side bridge left extension

Adult Male 0.99 0.64 0.66

Female 0.79 0.38 0.40

18 years Male 0.98 0.62 0.60

Female 0.79 0.30 0.30

16 years Male 0.93 0.50 0.48

Female 0.92 0.37 0.38

14 years Male 0.85 0.53 0.52

Female 0.71 0.43 0.43

12 years Male 0.73 0.47 0.42

Female 0.59 0.30 0.32

10 years Male 0.83 0.53 0.50

Female 0.73 0.47 0.42

8 years Male 1.11 0.47 0.47

Female 0.73 0.39 0.32

Data from (7, 8, 21)
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Figure 5.21 Normative data for trunk extension endurance in (a) males and (b) 
females: low—25th percentile; typical—50th percentile; high—75th percentile.
Data from (7, 8, 21)
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Figure 5.22 Normative data for trunk flexion endurance in (a) males and (b) females: 
low—25th percentile; typical—50th percentile; high—75th percentile.
Data from (7, 8, 21)
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Figure 5.23 Normative data for right side bridge endurance in (a) females and (b) 
males: low—25th percentile; typical—50th percentile; high—75th percentile.
Data from (7, 8, 21).
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Figure 5.24 Normative data for left side bridge endurance in (a) males and (b) females: 
low—25th percentile; typical—50th percentile; high—75th percentile.
Data from (7, 8, 21).
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FUNCTIONAL REACH TEST

Purpose
The functional reach test measures dynamic balance.

Outcome
Distance reached in centimeters or inches

Equipment Needed
Measuring stick; adhesive tape

Before You Begin
Using adhesive tape, secure a measuring stick horizontally on a wall at a height approximately 
in line with the athlete’s or client’s shoulders.

Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure your 

ability to reach with your arms. Are you ready to begin? If so, please remove your shoes.”

2. Direct the athlete or client: “Start standing with your back straight and feet shoulder-
width apart. With your shoulders perpendicular to the wall, adjust your body so that 
when your arms are straight ahead, your fingertips are located at the zero end of the 
measuring stick.”

3. Next, explain to the athlete or client: “After I say ‘Begin,’ reach along the stick as far as 
possible without losing your balance while I record your score” (see figure 5.25).

4. Record the greatest length achieved along the measuring stick to the nearest centimeter 
or quarter inch and, prior to making two more attempts, instruct the client or athlete: 
“Return to the starting position and relax.”

Figure 5.25 Positioning during the functional reach test.
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Alternatives or Modifications
A lateral reach test can also be conducted wherein the athlete or client begins with his or 
her back to the wall and attempts to reach as far as possible along the measuring stick while 
keeping his or her feet in contact with the ground.

After You Finish
The highest value of the three trials is the final result.

Research Notes
While the functional reach test is commonly used to assess potential deficiencies of dynamic 
balance in older adults, this assessment may provide insight into improvements following 
interventions in younger people. For example, completing 12 weeks of Swiss ball training, 3 
times per week, resulted in functional reach test improvements, along with increased flex-
ibility, strength, and endurance, in previously sedentary women (with an average age of 36 
years old) (32).

Normative Data
Functional reach test classification values are provided in figure 5.26 for men and figure 5.27 
for women.

E7208/Fukuda/Fig 05.26/607540/TB/R1

70-87

41-69

20-49

30 32 34 36 38 40 42 44 46

A
g

e 
ra

n
g

e 
(y

ea
rs

)

Functional reach (cm)

Figure 5.26 Descriptive (average) values for the functional reach test for men across 
the lifespan.
Data from (9)

Figure 5.27 Descriptive (average) values for the functional reach test for women 
across the lifespan.
Adapted from (18).
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BALANCE ERROR SCORING SYSTEM

Purpose
The balance error scoring system (BESS) measures static postural stability.

Outcome
Number of balance errors during different stances and surfaces

Equipment Needed
Medium density foam pad (approximately 50 cm x 40 cm x 6 cm); stopwatch or timing device; 
an assistant to serve as a spotter

Before You Begin
Identify the athlete’s or client’s dominant leg by asking which leg they would use to kick a 
ball. (The opposite leg would then be the nondominant leg.)

Protocol
Begin the procedure by saying to the athlete or client: “We are going to measure your ability 
to balance under several conditions using different stances on firm and soft surfaces. Are you 
ready to begin? If so, please remove your shoes.”

Parallel Stance Test

1. Explain to the athlete or client: “For the first test, you will simply need to stand still 
with your feet together, your hands on your hips, and your eyes closed for a period of 
20 seconds. During this time, I will be evaluating how much you move. If your feet 
move out of position, open your eyes, return to the starting position, close your eyes, 
and continue the test” (see figure 5.28a).

2. When the athlete or client appears to be comfortable with the initial instructions, say: 
“When I say ‘Begin,’ close your eyes and we will start the test.”

3. Verbally signal the athlete or client to begin and record a point (up to a total of 10) 
whenever one of the following occurs:

• the hands leave the hips

• the eyes are opened

• stepping, stumbling, or falling occurs

• the client or athlete is out of position for longer than five seconds

• major bending at the hip joint occurs (>30 degrees in any direction)

• the forefoot or heel is lifted

4. Following completion of the test (after 20 seconds has passed) on the stable surface, 
instruct the client: “Return to the starting position and relax. Next, you will complete 
the same test but will stand on the foam pad” (see figure 5.28b).
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Single-Leg Stance Test

1. Explain to the athlete or client: “For the next test, you will stand still while balancing on 
your nondominant leg with your hands on your hips and your eyes closed for a period 
of 20 seconds. During this time, I will be evaluating how much you move. If your feet 
move out of position, open your eyes, return to the starting position, close your eyes, 
and continue the test” (see figure 5.29a).

2. When the athlete or client appears comfortable with the initial instructions, continue: 
“When I say ‘Begin,’ close your eyes and we will start the test.”

3. Verbally signal the athlete or client to begin and record a point (up to a total of 10) 
whenever one of the following occurs:

• the hands leave the hips

• the eyes are opened

• stepping, stumbling, or falling occurs

• the client or athlete is out of position for longer than five seconds

• major bending at the hip joint occurs (>30 degrees in any direction)

• the forefoot or heel is lifted

4. Following completion of the test (after 20 seconds has passed) on the stable surface, 
direct the client: “Return to the starting position and relax. Next, you will complete the 
same test but will stand on the foam pad” (see figure 5.29b)

Tandem Stance Test

1. Explain to the athlete or client: “For the next test, you will stand still with the foot of 
your nondominant leg directly in front of the foot of your dominant leg while keeping 
your hands on your hips and your eyes closed for a period of 20 seconds. During this 
time, I will be evaluating how much you move. If your feet move out of position, open 
your eyes, return to the starting position, close your eyes, and continue the test” (see 
figure 5.30a).

2. When the athlete or client appears comfortable with the initial instructions, continue: 
“When I say ‘Begin,’ close your eyes and we will start the test.”

3. Verbally signal the athlete or client to begin and record a point (up to a total of 10) 
whenever one of the following occurs:

• the hands leave the hips

• the eyes are opened

• stepping, stumbling, or falling occurs

• the client or athlete is out of position for longer than five seconds

• major bending at the hip joint occurs (>30 degrees in any direction)

• the forefoot or heel is lifted

4. Following completion of the test (after 20 seconds has passed) on the stable surface, 
direct the client: “Return to the starting position and relax. Next, you will complete the 
same test but will stand on the foam pad” (see figure 5.30b).
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Figure 5.28 Positioning for the parallel stance using (a) firm and (b) soft conditions.

Figure 5.29 Positioning for the single-leg stance using (a) firm and (b) soft conditions.

a

a

b
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Alternatives or Modifications
The modified balance error scoring system (BESS) test, which includes only the stable and firm 
surface versions of the parallel, single-leg, and tandem stances, is part of the Sport Concus-
sion Assessment Tool, 3rd Edition (SCAT3) protocol that can be conducted on the sideline 
immediately following a potential head injury (1).

The ability to maintain the single-leg stance for an extended period of time (maximum of 
45 seconds) with the eyes either open or closed is also used as a measure of static balance.

After You Finish
Add up the total scores from each stance and surface condition with a maximum of 10 errors 
per 20-second test.

Research Notes
BESS scores are generally evaluated on an individual basis to identify potential deficits in pos-
tural stability; however, female collegiate gymnasts have been shown to perform better than 
basketball players (4). Subsequently, improved BESS scores were reported in female high school 
basketball players following six weeks of a “neuromuscular-training program that included 
plyometric, functional-strengthening, balance, and stability-ball exercises” (23).

Normative Data
BESS score classification values are provided in figure 5.31 for men and figure 5.32 for women.

Figure 5.30 Positioning for the tandem stance using (a) firm and (b) soft conditions.
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Figure 5.31 BESS score classifications for men across the lifespan: low—25th per-
centile; typical—50th percentile; high—75th percentile.
Data from (19).
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Figure 5.32 BESS score classifications for women across the lifespan: low—25th 
percentile; typical—50th percentile; high—75th percentile.
Data from (19).
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TANDEM GAIT TEST

Purpose
The tandem gait test measures a combination of dynamic balance, speed, and coordination.

Outcome
Time, in seconds, needed to complete the required movement pattern

Equipment Needed
Measuring tape; adhesive tape

Before You Begin
Use adhesive tape and measuring tape to mark a 3-meter (9.8-ft) line on the floor as well 
as 0.25-meter (9.8-in.) perpendicular lines indicating the beginning and end of the 3 meters 
(9.8 ft).

Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure how 

quickly you walk heel to toe along this line. Are you ready to begin? If so, please remove 
your shoes and stand at one end of the line.”

2. Next, explain to the athlete or client: “When I say ‘Begin,’ place the hands on the hips and 
move forward in an alternating heel-to-toe fashion from this starting point to the other 
end of the line. After you’ve cleared the perpendicular line at the end, turn around and 
resume the alternating heel-to-toe movement until you reach the starting point again. 
If you cannot maintain the heel-to-toe movement, lose your balance, fail to complete 
the turn, or step off the line, we will stop the test and try again” (see figure 5.33).

3. Verbally signal the athlete or client to begin and use the timing device to record how 
much time passes while the assessment is completed.

4. After the athlete or client has completed the initial test, say, “Return to the starting 
position and relax.”

5. After a brief rest, have the athlete or client make three more attempts with a brief rest 
between each attempt.

Figure 5.33 Positioning during the tandem gait test.

a b c d
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After You Finish
The fastest value of the four trials is the final result.

Research Notes
Tandem gait time has been shown to be less affected than single-leg stance time following 
moderate and high intensity exercise (31), which has implications for the selection of sideline 
protocols for concussion assessment during sport. Consequently, tandem gait is an optional 
assessment included in the Sport Concussion Assessment Tool, 3rd edition (SCAT3) (1). In sup-
port, youth soccer athletes who were evaluated for concussion symptoms following a potential 
head injury during a game exhibited significantly slower tandem gait times (and lower BESS 
scores) than uninjured athletes (11).

Normative Data
A tandem gait score of greater than 14 seconds has been recommended as the potential 
cutoff point for diminished functional movement capacities; however, support for this may 
be limited in high school athletes (29). Descriptive values for tandem gait scores are provided 
in figure 5.34.

Figure 5.34 Descriptive values for tandem gait scores: low—25th percentile; typical—
50th percentile; high—75th percentile.
Data from (25, 29, 30)
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The results of agility and sprint assessments 
are commonly used as indicators of sport 

performance. Agility tests involve rapid change-
of-direction skills executed over varying distances 
that can be either planned or unplanned/
reactive, with the latter providing an additional 
measure of decision making and perceptual 
motor abilities. Straight-line sprint tests contain 
components of both acceleration and speed, which 
vary depending on the distance covered and 
the abilities of the athlete or client. Therefore, 
coaches or fitness professionals should consider 
the movement patterns of the sport or activity 
of interest when selecting the distance(s) to be 
examined. The agility and sprint assessments 
included in this chapter are presented exclusively 
with the use of handheld timing devices (i.e., 
stopwatches). However, the assessments may also 

Agility and Sprinting

“The goal is to turn data into information, and information into insight.”

Carly Fiorina, former executive, president, and chair of Hewlett-Packard Co.

be conducted with electronic timing systems, 
which typically require the athlete or client to 
begin slightly behind the starting line to initiate 
the timing sequence and often result in slower 
results. The assessments covered in this chapter 
are as follows:

� 5-10-5 test (pro agility or 20-yard shuttle
run) (23, 32)

� T-test (23, 32)
� Three-cone drill (23)
� Y-shaped reactive agility test (15)
� Hexagon agility test (24, 32)
� Straight-line sprint (9, 32)
� Repeated sprint ability test (2, 33)
� Repeated change-of-direction test (2, 33)
� 300-yard shuttle run (7, 22)

CHAPTER 6
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5-10-5 TEST

Purpose
The 5-10-5 test (also called pro agility or 20-yard shuttle run) measures multidirectional speed 
and planned change-of-direction abilities.

Outcome
Time, in seconds, needed to complete the required movement pattern

Equipment Needed
Cones or markers; adhesive tape or field paint; timing device; measuring tape

Before You Begin
Use the adhesive tape or field paint to make three parallel lines (long enough to allow the 
athlete or client to run and turn within them) each separated by 5 yards (15 ft; 4.6 m), and 
place cones or markers at each end of the parallel lines to serve as additional indicators (see 
figure 6.1). Also note that a standardized warm-up followed by three to five minutes of rest 
and recovery should be conducted prior to the assessment.
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Figure 6.1 Setup for the 5-10-5 test.

Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure how 

quickly you can complete a series of planned movements. Are you ready to begin? If 
so, please stand straddling the middle cone or marker, which will be the start and finish 
position.”

2. Next, explain to the athlete or client: “You will start this test with your feet shoulder-
width apart and knees slightly bent. When I say ‘Go,’ turn and sprint to your right until 
you can touch the line with your right hand. After touching the far right line with your 
right hand, turn to your left and sprint past the middle line until you can touch the far 
left line with your left hand. After touching the far left line with your left hand, turn 
back to your right and sprint past the middle line to complete the test.”
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3. Position yourself so that you can clearly view the start and finish line. Verbally signal 
the athlete or client, “3, 2, 1, go,” and use the timing device to record how much time 
is accumulated (to the nearest 0.01 second) while they complete the assessment. If the 
athlete or client does not touch the lines with the correct hand, stop the time and repeat 
the assessment.

4. After the athlete or client has completed the initial test, say, “Return to the starting 
position and relax,” prior to making two more attempts, each separated by three to five 
minutes of rest and recovery.

Alternatives or Modifications
The 5-10-5 test can also be started from a three- or four-point stance or completed while 
carrying an implement. Additional modifications include initially turning to the left, complet-
ing trials turning in both directions, or contacting lines with the foot rather than the hand.

After You Finish
The fastest value of the three trials is the final result.

Research Notes
Position-specific requirements exist in professional baseball, and fielding performance is a 
major indicator of success. Outfielders have to defend a much larger area of the playing field 
than infielders and are often required to make rapid change-of-direction movements during 
the initial response to a batted ball and after making a catch and turning to make a throw. 
Subsequently, the time needed to complete the 5-10-5 test has been shown to be significantly 
related to fielding performance in major league outfielders but not infielders (16).

Normative Data
Test classification values for the 5-10-5 test are provided in figure 6.2 for National Collegiate 
Athletic Association Division I athletes and figure 6.3 for the National Football League Scout-
ing Combine.
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Figure 6.2 The 5-10-5 test time classifications for National Collegiate Athletic 
Association (NCAA) Division I college athletes: fast—70th percentile; typical—50th 
percentile; slow—30th percentile.
Data from (13).
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Data from (18).
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T-TEST

Purpose
The T-test measures multidirectional speed and planned change-of-direction abilities.

Outcome
Time, in seconds, needed to complete the required movement pattern

Equipment Needed
Cones or markers; adhesive tape or field paint; timing device; measuring tape

Before You Begin
Use the adhesive tape or field paint and cone A to make a start/finish line. Place cone B 10 
yards (30 ft; 9.1 m) directly in front of cone A, cone C 5 yards (15 ft; 4.6 m) to the left of cone 
B, and cone D 5 yards to the right of cone B, forming a “T” shape (see figure 6.4). Also note 
that a standardized warm-up followed by three to five minutes of rest and recovery should 
be conducted prior to the assessment.

Figure 6.4 Setup for the T-test.

Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure how 

quickly you can complete a series of planned movements. Are you ready to begin? If 
so, please stand behind cone A, which will be the start and finish position.”

2. Next, explain to the athlete or client: “You will start this test with your feet shoulder-
width apart, knees slightly bent, and one foot on the start/finish line. When I say ‘Go,’ 
sprint forward and touch the bottom of cone B with your right hand. After touching 
cone B, side shuffle to your left and touch the bottom of cone C with your left hand. 
After touching cone C, side shuffle past cone B and touch the bottom of cone D with 
your right hand. Then side shuffle back and touch the bottom of cone B with your left 
hand, before backpedaling past cone A at the finish line to complete the test.”
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3. Position yourself so that you can clearly view the start/finish line. Verbally signal the 
athlete or client “3, 2, 1, go,” and use the timing device to record how much time is 
accumulated (to the nearest 0.01 second) while they complete the assessment. If the 
athlete or client does not touch the base of the cones, crosses feet while shuffling, or 
cannot remain facing forward, stop the time and repeat the assessment.

4. After the athlete or client has completed the initial test, say, “Return to the starting 
position and relax,” prior to making two more attempts, each separated by three to five 
minutes of rest and recovery.

Alternatives or Modifications
The T-test can also be completed with an initial turn to the right, switching which hand 
touches the cones, or by having the athlete or client perform a sport-specific movement at 
the outer cones.

After You Finish
The fastest value of the three trials is the final result.

Research Notes
T-test performance is associated with various types of strength but has been shown to be 
primarily determined by the ability to produce braking (eccentric) force in female basketball 
players (31). Furthermore, indicative of the physical requirements in the sport of volleyball, 
T-test times have also been shown to be significantly related to playing level in junior male and 
female volleyball players while differentiating between male and female athletes (4).

Normative Data
T-test classification values are provided in figure 6.5 for college-aged individuals and figure 
6.6 for National Collegiate Athletic Association Division III football and elite high school soccer 
athletes. Descriptive values for the T-test in various athletes are provided in figure 6.7.

Figure 6.5 T-test time classifications for college-aged individuals: fast—75th percen-
tile; typical—50th percentile; slow—25th percentile.
Data from (20).
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Figure 6.6 T-test time classifications for NCAA Division III football and elite high 
school soccer athletes: fast—70th percentile; typical—50th percentile; slow—30th 
percentile.
Data from (13).
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THREE-CONE DRILL

Purpose
The three-cone drill measures multidirectional speed and planned change-of-direction abilities.

Outcome
Time, in seconds, needed to complete the required movement pattern

Equipment Needed
Cones or markers; adhesive tape or field paint; timing device; measuring tape

Before You Begin
Use the adhesive tape or field paint and cone A to make a start/finish line. Place cone B 5 
yards (15 ft; 4.6 m) directly in front of cone A, and cone C 5 yards (15 ft; 4.6 m) to the right 
of cone B, forming an upside down “L” shape (see figure 6.8). Also note that a standardized 
warm-up followed by three to five minutes of rest and recovery should be conducted prior 
to beginning the assessment.
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Figure 6.8 Setup for the three-cone drill.

Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure how 

quickly you can complete a series of movements. Are you ready to begin? If so, please 
stand behind the starting line at cone A, which will be the start and finish position.”

2. Next, explain to the athlete or client: “You will start this test with your feet shoulder-
width apart, knees slightly bent, and one foot on the start/finish line. When I say ‘Go,’ 
sprint forward and touch cone B. After touching cone B, turn around, sprint back to 
the start line, and touch cone A. After touching cone A, turn around again, and sprint 
past cone B before circling around cone C. Then sprint back around cone B and through 
cone A at the finish line to complete the test.”
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3. Position yourself so that you can clearly view the start/finish line. Verbally signal the 
athlete or client “3, 2, 1, go,” and use the timing device to record how much time is 
accumulated (to the nearest 0.01 second). If the athlete or client knocks over any of the 
cones, stop the time and repeat the assessment.

4. After the athlete or client has completed the initial test, say, “Return to the starting 
position and relax,” prior to making two more attempts, each separated by three to five 
minutes of rest and recovery.

Alternatives or Modifications
While the three-cone drill is typically conducted using a planned right-hand turn, it can be 
completed with a planned left-hand turn or as an unplanned/reactive agility test with a left 
or right signal given midway between cones A and B (14). The three-cone drill can also be 
started from a three- or four-point stance, or completed while carrying an implement.

After You Finish
The fastest value of the three trials is the final result.

Research Notes
Performance in the three-cone drill has shown to be better in American football players who 
were drafted in the NFL Scouting Combine than those were not drafted, which appeared to 
be consistent across positions (28). Furthermore, three-cone drill data from the NFL Combine 
suggests that change-of-direction skills in professional football players have improved when 
comparing athletes who entered the NFL draft between 1999 and 2001 and between 2008 
and 2010 (25).

Normative Data
Three-cone drill test classification values are provided in figure 6.9 for the NFL Scouting 
Combine.

Figure 6.9 Three-cone drill time classifications from the NFL Scouting Combine: 
fast—70th percentile; typical—50th percentile; slow—30th percentile.
Data from (18).
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Y-SHAPED REACTIVE AGILITY TEST

Purpose
The Y-shaped agility test measures multidirectional speed and unplanned change-of-direction 
abilities.

Outcome
Time, in seconds, needed to react to an external stimulus and complete the required move-
ment pattern

Equipment Needed
Cones or markers; adhesive tape or field paint; timing device; measuring tape; goniometer or 
protractor; two evaluators

Before You Begin
Use the adhesive tape or field paint and cones or markers to make a starting line. Place a second 
set of cones or markers 5 meters (16.4 ft) directly in front of the starting line and two sets 
of cones 5 meters (16.4 ft) to the left and right at 45-degree angles from the second line to 
form a “Y” shape (see figure 6.10). Also note that a standardized warm-up followed by three 
to five minutes of rest and recovery should be conducted prior to beginning the assessment.
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Figure 6.10 Setup for the Y-shaped reactive agility test.

Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure how 

quickly you can complete a series of unplanned movements. Are you ready to begin?”

2. Next, explain to the athlete or client: “You will start this test with your feet shoulder-
width apart, knees slightly bent, and one foot on the start line. When I say ‘Go,’ sprint 
forward to the second set of cones or markers and look to the evaluator placed ahead 
of you for a signal. The evaluator will raise his or her right or left hand in the air and 
you will adjust your sprint to proceed through the cones or markers in this direction 
to complete the test.” Note: This protocol has been modified from the original version 
to accommodate the use of a handheld timing device and human signaling rather than 
timing gates and light indicators.
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3. Position one evaluator approximately 8.5 meters (27.9 ft) from the start line (between 
the two finish lines), who will provide the direction signal. A second evaluator will be 
positioned roughly 13 meters (42.7 ft) from the start line (with both finish lines directly 
in view), who will then verbally signal the athlete or client “3, 2, 1, Go” and use the 
timing device to record how much time is accumulated (to the nearest 0.01 second). If 
the athlete or client appears to anticipate the direction of the turn or guess the wrong 
direction, stop the time and repeat the assessment.

4. After the athlete or client has completed the initial test, say, “Return to the starting 
position and relax,” prior to making five more attempts (three to the right and three to 
the left), each separated by three to five minutes of rest and recovery.

Alternatives or Modifications
A planned version can also be conducted with the athlete or client directed to the left or right prior 
to starting the test. A variety of sprinting distances and change-of-direction angles have been 
used. With the availability of more sophisticated technology, light or video stimuli may be used 
as directional indicators and high-speed cameras can specifically track decision-making time (6).

After You Finish
The fastest value of the three trials in each direction is the final result.

Research Notes
Several studies have shown that reactive agility tests more clearly differentiate between 
competitive levels of athletes than change-of-direction skill (unplanned agility) tests (15, 19, 
27). For example, results from the Y-shaped reactive agility tests were found to be 6 percent 
faster in semiprofessional basketball players than amateur players, with no noticeable differ-
ences between these groups in a planned version of the test (15). These findings support the 
importance of perceptual motor skills and decision making in the sport of basketball.

Normative Data
Due to the widespread nature of the existing protocols and technology used during reactive 
agility testing, normative or descriptive data are limited. Figure 6.11 provides a general interpre-
tation of the results from planned (change-of-direction) and unplanned/reactive agility tests.

Figure 6.11 General interpretation of the results from planned (change-of-direction) 
and unplanned/reactive agility tests. A (−) sign indicates poor or slow performance; a 
(+) sign indicates superior or fast performance.
Data from (5).
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HEXAGON AGILITY TEST

Purpose
The hexagon agility test measures multidirectional speed and planned change of direction 
during jumping.

Outcome
Time, in seconds, needed to complete the required movement pattern

Equipment Needed
Cones or markers; adhesive tape or field paint; timing device; measuring tape; goniometer 
or protractor

Before You Begin
Use the adhesive tape or field paint to make three parallel two-foot (0.6 m) lines each separated 
by 1.73 feet (0.53 m), with the middle line serving as the start/finish position. Connect the 
outer lines with four additional two-foot (0.6 m) lines with 120-degree angles between them 
to form a hexagon (see figure 6.12). Note that a standardized warm-up followed by three to 
five minutes of rest and recovery should be conducted prior to beginning the assessment.

Figure 6.12 Setup for the hexagon agility test.
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Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure how 

quickly you can complete a planned series of hopping movements. Are you ready to 
begin? If so, please stand on the line in the middle of the hexagon, which will serve as 
the start and finish position.”

2. Next, explain: “When I say ‘Go,’ quickly perform a double-legged jump over and back 
on the line directly in front of you. Then continue to jump over each side of the hexagon 
in a clockwise order for a total of three full rotations as quickly as possible without 
stopping.”
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3. Position yourself so that you can clearly view the start/finish line. Verbally signal the 
athlete or client “3, 2, 1, go,” and use the timing device to record how much time is 
accumulated (to the nearest 0.01 second). If the athlete or client does not fully cross the 
line while jumping, takes unnecessary steps or hops, cannot remain facing forward, or 
loses balance, stop the time and repeat the assessment.

4. After the athlete or client has completed the initial test, say, “Return to the starting 
position and relax,” prior to making two more attempts, each separated by three to five 
minutes of rest and recovery.

Alternatives or Modifications
A single-legged version of the hexagon agility test can be performed with the unengaged 
leg not touching the ground for the duration of the assessment. It may be useful to identify 
the athlete’s or client’s dominant leg by asking which leg they would use to kick a ball. (The 
opposite leg would then be the nondominant leg.)

After You Finish
The fastest value or the average of the three trials is the final result.

Research Notes
In the sport of figure skating, junior and senior skaters have been shown to perform better 
during the hexagon agility test than novice skaters, which may result from the increasing 
demand placed on advanced athletes with respect to jumping sequences and footwork (29). 
Singles skaters also appeared to be more agile than synchronized skaters, potentially identify-
ing an opportunity for improvements in these athletes (29).

Normative Data
Hexagon agility test classification values are provided in figure 6.13 for college-aged individuals.

Figure 6.13 Hexagon agility test classifications for college-aged individuals: fast—
75th percentile; typical—50th percentile; slow—25th percentile.
Data from (20).
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STRAIGHT-LINE SPRINT

Purpose
Straight-line sprint tests are used to evaluate speed and acceleration over various distances.

Outcome
Time, in seconds, needed to cover the required distance

Equipment Needed
Cones or markers; adhesive tape or field paint; timing device; measuring tape

Before You Begin
Place two markers the selected distance apart (40 yards or meters will be used for this expla-
nation). Place additional markers at 10 yards (or meters, or other intervals of interest) into the 
overall selected distance and 5 yards (or meters) past the finish line to remind the athlete or 
client to sprint through the entire test (see figure 6.14). Note that a standardized warm-up, 
including several practice runs with moderate effort, followed by three to five minutes of rest 
and recovery should be conducted prior to beginning the assessment.

Figure 6.14 Setup for a 40-yard (or meter) straight-line sprint test.
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Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure how 

quickly you can sprint 40 yards (or meters). Are you ready to begin? If so, please stand 
behind the starting line.”

2. Next, explain: “You will start this test with your feet shoulder-width apart, knees slightly 
bent, and one foot on the start line. When I say ‘Go,’ sprint forward as fast as possible 
to the opposite line and slow down past the next cone to complete the test.”

3. Evaluators will be positioned at the 10-yard (or meter) marker (or the other intervals of 
interest) and the finish line. The evaluator located at the finish line opposite the athlete 
or client will verbally signal the athlete or client “3, 2, 1, go,” and all of the evaluators will 
use a timing device to record how much time is accumulated (to the nearest 0.01 second).

4. After the athlete or client has completed the initial test, say, “Return to the starting 
position and relax,” prior to making two more attempts, each separated by three to five 
minutes of rest and recovery.

Alternatives or Modifications
Coaches or fitness professionals should select sport- or activity-appropriate distances (5, 10, 
20, 30, 40, 60 yards or meters). Sprint tests can also be started from a three- or four-point 
stance. If the ability to quickly attain maximal speed or velocity (acceleration) is important for 
the sport or activity of interest, it may be helpful to conduct several shorter and longer tests 
or to attain times from various points throughout a single assessment. Reminder: hand timing 
can result in faster times than timing gates.
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After You Finish
The 10-yard split time recorded during a 40-yard test may be used as an indication of accel-
eration, while the difference between the overall 40-meter time and the 10-meter time, also 
known as a 30-meter flying sprint, can be used as an indication of maximal speed. The 
fastest times (overall, split, flying) of the three trials are the final results.

Research Notes
Improvements in lower-body strength are thought to be related to improvements in sprint 
speed (26). Interestingly, five weeks of either single-legged (unilateral) or standard (bilateral) 
squat training completed by rugby athletes resulted in decreased 40-meter sprint times but not 
in 10-meter sprint times (30). The authors suggested that this may indicate that adaptations 
related to strength improvements may take longer to translate into enhanced short distance 
sprinting than those related to the longer distance or that distance-specific sprint training may 
have been needed.

Normative Data
Sprint time classification values and descriptive data across several distances and in various 
populations are provided in figure 6.15 through figure 6.22.
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Figure 6.15 Thirty-meter sprint time classifications for (a) boys and (b) girls: fast—
70th percentile; typical—50th percentile; slow—30th percentile.
Data from (3).
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Figure 6.16 Flying 30-meter sprint time classifications for (a) boys and (b) girls: fast—
70th percentile; typical—50th percentile; slow—30th percentile.
Data from (3).
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Figure 6.17 Thirty-yard sprint time classifications for male youth baseball and bas-
ketball athletes: fast—70th percentile; typical—50th percentile; slow—30th percentile.
Data from (13).
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Figure 6.18 Forty-yard sprint time classifications for youths aged 12 to 18 years: 
fast—70th percentile; typical—50th percentile; slow—30th percentile.
Data from (9).

Figure 6.19 Forty-yard sprint time classifications for college-aged individuals: fast—
75th percentile; typical—50th percentile; slow—25th percentile.
Data from (20).
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Figure 6.20 Forty-yard sprint time classifications for male American football athletes: 
fast—70th percentile; typical—50th percentile; slow—30th percentile.
Data from (13).
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Figure 6.21 Forty-yard sprint time classifications from the NFL Scouting Combine 
(electronic timing system): fast—70th percentile; typical—50th percentile; slow—30th 
percentile.
 Data from (18).
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REPEATED SPRINT ABILITY TEST

Purpose
The repeated sprint ability (RSA) test measures the ability to perform several straight-line 
sprints separated by minimal recovery periods.

Outcome
Time, in seconds, needed to complete the required movement pattern

Equipment Needed
Cones or markers; adhesive tape or field paint; measuring tape; goniometer or protractor; at 
least two evaluators; at least two timing devices

Before You Begin
Place two parallel lines or sets of markers 20 meters (65.6 ft) apart, with both designated as 
start/finish lines, and two cones approximately 10 meters (32.8 ft) past the start/finish lines 
to allow the athlete or client to slow down (decelerate) after each sprint (see figure 6.23).

A standardized warm-up—including several familiarization trials completed at increasing 
submaximal intensities, followed by three to five minutes of rest and recovery—should be 
conducted prior to the assessments. Completion of a single 20-meter (65.6 ft) sprint has also 
been recommended prior to the repeated sprint ability test to verify that maximal effort is 
given in the first sprint (>95% of 20 m sprint time).

Figure 6.23 Setup for the repeated sprint ability test.
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Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure how 

quickly you can complete a series of 20-meter sprints. Are you ready to begin? If so, 
please stand behind the closest start/finish line.”

2. Next, explain to the athlete or client: “You will start this test with your feet shoulder-
width apart, knees slightly bent, and one foot on the start/finish line. When I say ‘Go,’ 
sprint forward as fast as possible to the opposite start/finish line and slow down past 
the next cone. You will be given 25 seconds to turn, jog, and circle back before return-
ing to the closest start/finish line to begin the next sprint in the opposite direction. You 
will complete a total of six sprints before finishing the test.”

3. Two evaluators will be positioned at each start/finish line. The evaluator located at the 
start/finish line opposite the athlete or client will verbally signal the athlete or client 
“3, 2, 1, go,” and use a timing device to record how much time is accumulated (to the 
nearest 0.01 second) during each sprint, while another evaluator uses a separate timing 
device to monitor the 25-second rest and recovery periods.
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Alternatives or Modifications
A version of this test using 10 sprints has also been proposed. Furthermore, the distances, 
number of sprints, and duration of rest and recovery periods used during repeated sprint ability 
tests have been altered to allow for sport-specific evaluations.

After You Finish
The best time of the six sprints, the average time of the six sprints, and the total time of the 
six sprints should be calculated and recorded.

Research Notes
Repeated sprint ability has been shown to be related to distances covered at high speeds during 
soccer matches (21) and provides a distinct measure separate from agility tests that focus 
on change of direction skills. Repeated sprint ability values have been shown to distinguish 
between recreationally active soccer players and competitive soccer athletes (33).

Normative Data
Descriptive values for the repeated sprint ability tests for recreationally active men and com-
petitive male soccer athletes are provided in figure 6.24 and figure 6.25.

Figure 6.24 Best and average 20-meter times during the repeated sprint ability tests 
for recreationally active men and competitive male soccer players (electronic timing 
system).
Data from (33, 34).
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Figure 6.25 Total sprint times during the repeated sprint ability tests for recreationally 
active men and competitive male soccer players (electronic timing system).
Data from (33, 34).
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REPEATED CHANGE-OF-DIRECTION TEST

Purpose
The repeated change-of-direction (RCOD) test measures the ability to perform several short 
sprints and turns separated by minimal recovery periods.

Outcome
Time, in seconds, needed to complete the required movement pattern

Equipment Needed
Cones or markers; adhesive tape or field paint; measuring tape; goniometer or protractor; at least 
two evaluators; at least two timing devices

Before You Begin
Place two parallel lines or sets of markers approximately 15.3 meters (50.2 ft) apart, with both 
being designated start/finish lines. Use cones or markers to configure five 4-meter (13.1 ft) lines 
with 100-degree angles between them and 50-degree angles from the start/finish lines. An 
additional set of cones should be placed approximately 4 to 5 meters (13.1 to 16.4 ft) past the 
start/finish lines to allow the athlete or client to decelerate after each change-of-direction drill 
(see figure 6.26).

A standardized warm-up—including several familiarization trials completed at increasing sub-
maximal intensities, followed by three to five minutes of rest and recovery—should be conducted 
prior to beginning the assessment.

Figure 6.26 Setup for the repeated change-of-direction test.
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Protocol
1. Approximately 15 minutes after completion of the repeated sprint ability test, begin the 

procedure by saying to the athlete or client: “We are going to measure how quickly you can 
complete a series of change-of-direction drills. Are you ready to begin? If so, please stand 
behind the closest start/finish line.”

2. Next, explain: “You will start this test with your feet shoulder-width apart, knees slightly 
bent, and one foot on the start/finish line. When I say ‘Go,’ sprint forward as fast as pos-
sible along the designated course during which you will make four sharp turns then sprint 
through the opposite start/finish line and slow down past the next cone. You will be given 
25 seconds to turn, jog, and circle back before returning to the closest start/finish line to 
begin the next change-of-direction drill in the opposite direction. You will complete a total 
of six change-of-direction drills before finishing the test.” Note: this protocol has been 
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modified from the original version to accommodate the use of a handheld timing device 
and human signaling rather than timing gates and light indicators.

3. An evaluator will be positioned at each start/finish line. The evaluator located at the start/
finish line opposite the athlete or client will verbally signal the athlete or client “3, 2, 1, go,” 
and use a timing device to record how much time is accumulated (to the nearest 0.01 second) 
during each change-of-direction drill, while another evaluator uses a separate timing device 
to monitor the 25-second rest and recovery periods.

Alternatives or Modifications
A version of this test using 10 change-of-direction drills has also been proposed.

After You Finish
The best time of the six change-of-direction drills, the average time of the six change-of-direction 
drills, and the total time of the change-of-direction drills should be calculated and recorded. The 
RCOD values can also be compared to RSA performance. For example, the RSA/RCOD index 
can then be calculated for the best time, average time, or total time as follows:

Research Notes
RCOD and RSA/RCOD index values are shown to differ between recreationally active soccer play-
ers and competitive soccer athletes (33). The RSA/RCOD index may be similar among developing 
age-group soccer athletes, while specific test times improve from younger (U16) to older (U19/
professional) groups (34). It has been proposed that deviations from the average RSA/RCOD index 
within a team or similar group of athletes may be used to identify training priorities. For example, 
for a group of soccer athletes with an average RSA/RCOD index of 0.59, those individuals with 
a value <0.59 should focus more on improving repeated change-of-direction skills, while those 
with a value of >0.59 should focus more on improving repeated sprint abilities (33).

Normative Data
Descriptive values for the repeated sprint ability and repeated change-of-direction tests for rec-
reationally active men and competitive male soccer athletes are provided in figure 6.27 through 
figure 6.29. RSA/RCOD index values have been reported to be between 0.50 and 0.60; however, 
because these indices are likely related to playing and training styles and other factors, it is sug-
gested that coaches or fitness professionals develop normative values for their own groups of 
athletes or clients.

RSA/RCOD index RSA time
RCOD time

=
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Figure 6.27 Best 20-meter times during the repeated sprint ability and repeated 
change-of-direction tests for recreationally active men and competitive male soccer 
players (electronic timing system).
Data from (33, 34).
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Figure 6.28 Average 20-meter times during the repeated sprint ability and repeated 
change-of-direction tests for recreationally active men and competitive male soccer 
players (electronic timing system).
Data from (33, 34).

Figure 6.29 Total sprint times during the repeated sprint ability and repeated change-
of-direction tests for recreationally active men and competitive male soccer players 
(electronic timing system).
Data from (33, 34).
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300-YARD SHUTTLE RUN

Purpose
The 300-yard shuttle run tests the ability to complete consecutive straight-line sprints separated 
by a quick change of direction.

Outcome
Time, in seconds, needed to complete the required movement pattern

Equipment Needed
Cones or markers; adhesive tape or field paint; timing device; measuring tape

Before You Begin
Place two markers 25 yards (22.9 m) apart, with one being designated the start/finish line (see 
figure 6.30). Note that a standardized warm-up followed by three to five minutes of rest and 
recovery should be conducted prior to beginning the assessment.

Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure how quickly 

you can complete a series of 25-yard sprints. Are you ready to begin? If so, please stand behind 
the starting line.”

2. Next, explain: “You will start this test with your feet shoulder-width apart, knees slightly 
bent, and one foot on the start/finish line. When I say ‘Go,’ sprint forward as fast as possible 
to the opposite marker. Once your foot has passed the marker, turn around and sprint back 
to the starting position. You will repeat this down-and-back pattern a total of 6 times (or 12 
separate 25-yd sprints) to complete the test.”

3. Position yourself so that you can clearly view the start/finish line. Verbally signal the athlete 
or client “3, 2, 1, go,” and use the timing device to record how much time is accumulated (to 
the nearest 0.01 second) while they complete the assessment.

4. After the athlete or client has completed the initial test, say, “Return to the starting position and 
relax,” prior to making another attempt separated by three to five minutes of rest and recovery.
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Alternatives or Modifications
The 300-yard shuttle run has also been conducted with the athlete or client wearing a weight 
vest (20 lb for those weighing ≤140 lb; 25 lb for those weighing 141 to 185 lb.; 30 lb for those 
weighing ≥186 lb). This version of the test has shown to be an indicator of injury risk in male 
soldiers (8).

After You Finish
The average of the two trials is the final result.

Research Notes
Dynamic warm-ups are often recommended prior to exercise due to the potential negative 
effects on subsequent performance following static stretching. In support, a four-week dynamic 
stretching routine (15 min of calisthenics and movement drills) conducted before practice by a 
group of NCAA Division I college wrestlers resulted in decreased 300-yard shuttle run times as 
compared to a static stretching group (15 min of various stretches held for 20 to 30 sec each) 
(11). These findings demonstrated that the benefits of engaging in regular dynamic warm-up 
routines extend past the subsequent exercise session and may provide long-term benefits.

Normative Data
Classification values for the 300-yard shuttle run are provided in figure 6.31 for NCAA Division 
I athletes. Descriptive values for the 300-yard shuttle run in various populations are provided 
in figure 6.32.

Figure 6.31 Classification values for the 300-yard shuttle run for NCAA Division I 
athletes.
Data from (12). E7208/Fukuda/Fig 06.31/607587/TB/R1
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Figure 6.32 Descriptive (average) values for the 300-yard shuttle in various populations.
Data from (17).
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While muscular strength and cardiovascular 
endurance are physical qualities commonly 

displayed by athletes, power or explosiveness 
tends to be a determining factor in successfully 
performing a variety of activities from nearly all 
sports to many daily functional tasks. Power is a 
function of body weight, the height achieved or 
distance covered, and the time it takes to complete 
a particular activity. The selection of appropri-
ate power assessments will be dictated by the 
movement requirements of the targeted activity or 
sport, which may include distinctions between the 
upper and lower body, single-effort (or relatively 
stationary) and multiple-effort (cyclic motions, 
running, hopping, etc.) situations, and pushing 
and pulling actions.

Similar to the agility and sprint assessments 
covered in chapter 6, the power assessments 
included in this chapter are presented exclusively 
with the use of stopwatches, but they may be 
enhanced by using more advanced technol-

Power

“It is a capital mistake to theorize before one has data. Insensibly one begins 
to twist facts to suit theories, instead of theories to suit facts.”

Sir Arthur Conan Doyle, author of Sherlock Holmes stories

ogy, such as mobile applications, contact mats, 
electronic timing systems, l inear position 
transducers, or force plates. The assessments 
covered in this chapter are as follows:

� Vertical jump (or countermovement jump)
test (19, 45)

� Standing long jump (or broad jump) test
(19, 45)

� Single-leg triple hop test (37, 45, 54)

� Medicine ball chest pass test (5, 41)

� Forward overhead medicine ball throw test
(58)

� Backward overhead medicine ball throw
test (19, 46)

� Rotating medicine ball throw test (46)

� Stair sprint power (or Margaria-Kalamen)
test (4, 32, 41)

� Rowing ergometer peak power test (21, 34)

CHAPTER 7
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VERTICAL JUMP TEST

Purpose
The vertical jump (also called the countermovement jump) test measures lower-body upward 
explosiveness or power.

Outcomes
Vertical jump height in centimeters or inches; estimated power output during jumping

Equipment Needed
Wall with enough vertical clearance to safely complete a maximal jump; measuring tape; chalk

Before You Begin
Follow the procedures outlined in chapter 4 to record the client’s or athlete’s body weight. 
Identify the client’s or athlete’s dominant hand, which is used for writing or throwing a ball. A 
standardized warm-up, including three to five practice jumps performed at moderate intensity 
(approximately 50% of estimated maximal effort), followed by three to five minutes of rest 
and recovery, should be conducted prior to beginning the assessment.

Protocol
1. Begin the procedure by saying to the client or athlete: “We are going to measure how 

high you can jump. Are you ready to begin? If so, please cover the fingertips of your 
dominant hand with chalk” (see figure 7.1a).

2. Next, direct the client or athlete: “Stand with your dominant arm and torso next to the 
wall with equal weight on both feet.”

3. After the client or athlete has assumed the correct position, continue: “Before you do 
the test, we need to determine your standing reach height. While keeping your feet 
firmly on the ground, reach up as high as possible above your head along the wall with 
the chalked hand and make a mark with your fingers. Then bring your arm back down 
to your side” (see figure 7.1b).

4. Record the distance between the highest chalk mark and the floor as the standing reach 
height.

5. After determining the standing reach height, tell the client or athlete: “When I say ‘Go,’ 
quickly perform a countermovement in which you squat down with your arms rapidly 
swinging back past your hips and then immediately reverse the movement to jump up 
as high as you can while reaching your chalked hand as high as possible along the wall. 
At your highest point, touch the wall with your fingertips to make a mark and then land 
safely back on the floor on both feet” (see figure 7.2).

6. Position yourself so that you can clearly view the jump. Verbally signal the client or ath-
lete “3, 2, 1, go,” and verify that the jump is begun with both feet flat on the ground, 
without taking a step, and that the client or athlete performs the countermovement, 
jumps as high as possible, and lands under control.

7. Record the distance to the closest centimeter or half inch between the highest chalk 
mark and the floor as the total jump height.

8. After the client or athlete has completed the initial vertical jump, say: “Return to the 
starting position and relax,” prior to making at least two more attempts, each separated 
by one minute of rest and recovery.
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Figure 7.1 (a) Placement of chalk on fingers and (b) determining standing reach 
height with chalked hand.

Figure 7.2 Vertical jump test.

a

a b c

b
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Alternatives or Modifications
The squat jump test can also be used, during which the client or athlete is asked to achieve 
and hold a specified knee angle (approximately 90°) and arm position (in line with or behind 
the trunk) for a short period prior to executing the jump (see figure 7.3).

Figure 7.3 Squat jump test.

Modifications of the standard vertical jump test include allowing a step (or two, depend-
ing on the sport or activity of interest) prior to the jump and not allowing the arms to swing 
(hands on hips or with a bar or PVC pipe across the shoulders) during the movement. Jump 
testing can also be conducted using a device outfitted with uniformly spaced vanes extending 
from a vertical beam (see figure 7.4), which still requires the determination of standing reach 
height but does away with the need to measure chalk marks on a wall.

Figure 7.4 Use of a specifically outfitted vertical jump device for the vertical jump test.
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After You Finish
The greatest recorded total jump height is the final result, and the vertical jump height can 
be calculated using the following formula:

Vertical jump height = total jump height  standing reach height

The coach or fitness professional may also choose to use the vertical jump height and the 
client’s or athlete’s body mass to estimate peak power output (48) using the following formula:

Peak power (watts) = 60.7 × jump height (cm) + 45.3 × body mass (kg)  2,055

Evaluation of peak power during the vertical jump test allows the coach or fitness profes-
sional to gain a better understanding of the effects of a client’s or athlete’s body weight on 
jump performance. An alternative to calculating peak power output during the vertical jump 
test is the use of the nomogram provided in figure 7.5.

Figure 7.5 Nomogram for peak power output during a vertical jump test

From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019). Using 
Sayers formula (48).
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If both the vertical jump (with a countermovement executed before the jump) and squat 
jump tests are completed, the eccentric utilization ratio can be calculated with the following 
formula:

The calculated eccentric utilization ratio provides an indication of how much the quick bend 
and rebound of the knees (termed the stretch-shortening cycle) executed before the jump 
contributes to the achieved height (12, 33). This value varies between individuals and likely 
depends on genetics, training status, and the activity or sport of interest.

Research Notes
Boys show somewhat steady improvements in vertical jump performance throughout the 
process of maturation, while girls demonstrate minimal improvements following puberty (22). 
In young male athletes, plyometric training has shown to be an effective approach to further 
increase vertical jump performance; however, it tends to be less beneficial between the ages of 
13 and 16 years old for a variety of maturity-related reasons, potentially including adolescent 
awkwardness (35). Young female athletes have also demonstrated increased vertical jump with 
plyometric training, but the program may need to be continued for longer than 10 weeks (53).

Normative Data
Vertical jump classification values are provided in figure 7.6 for male high school athletes, 
figure 7.7 for the male general population and collegiate and professional athletes, figure 7.8 
for the female general population and collegiate athletes, and figure 7.9 from the National 
Football League (NFL) Scouting Combine. Descriptive values for the eccentric utilization ratio 
in various sports are provided in figure 7.10.

Eccentric utilization ratio vertical jump height
squat jump height

=

Figure 7.6 Vertical jump classifications for male high school American football and 
basketball players: high—70th percentile; typical—50th percentile; low—30th per-
centile.
Data from (16).
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Figure 7.7 Vertical jump classifications for the male general adult population (General, 
21-25 years old), National Collegiate Athletic Association (NCAA) Division I (FB D1) and 
III (FB D3) football players, minor and major league professional baseball players (mMLB), 
and NCAA Division (BB D1) and professional National Basketball Association (NBA) bas-
ketball players: high—70th percentile; typical—50th percentile; low—30th percentile.
Data from (16, 40).
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Figure 7.8 Vertical jump classifications for the female general adult population 
(General, 21-25 years old) and NCAA Division I swimming (SW D1), softball (SB D1), 
volleyball (VB D1), and basketball (BB D1) athletes: high—70th percentile; typical—
50th percentile; low—30th percentile.
Data from (16, 40).
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Figure 7.9 Vertical jump classifications from the NFL Scouting Combine: high—70th 
percentile; typical—50th percentile; low—30th percentile.
Data from (38).

Figure 7.10 Descriptive (average) values for eccentric utilization ratio in various sports. 
Note: vertical jump and squat jumps were conducted with a PVC pipe placed across 
the shoulders.
Data from (55).
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STANDING LONG JUMP TEST

Purpose
The standing long jump (also called the broad jump) test measures lower-body horizontal 
explosiveness or power.

Outcomes
Horizontal jump distance in centimeters or inches

Equipment Needed
Adhesive tape; measuring tape

Before You Begin
Place a 1-meter (3 ft) strip of adhesive tape on the ground to mark the starting line. A stan-
dardized warm-up, including three to five practice jumps performed at moderate intensity 
(approximately 50% of estimated maximal effort), followed by three to five minutes of rest 
and recovery, should be conducted prior to beginning the assessment.

Protocol
1. Begin the procedure by saying to the client or athlete: “We are going to measure how 

far you can jump. Are you ready to begin? If so, please stand with your toes at the 
starting line.”

2. After the client or athlete has assumed the 
correct position, continue: “When I say 
‘Go,’ quickly perform a countermovement 
in which you bend your knees and rapidly 
swing your arms down past your hips prior 
to reversing the movement to maximally 
jump forward as far past the starting line 
as possible. Focus on landing safely back 
on both feet and hold this position so that 
your jump distance can be measured” (see 
figure 7.11).

3. Position yourself so that you can clearly view 
the jump. Verbally signal the client or athlete 
“3, 2, 1, go,” and verify that the jump is 
begun with both feet flat on the ground and 
that the client or athlete performs a coun-
termovement, jumps as far as possible, and 
lands under control without taking a step.

4. Record the distance to the closest centimeter 
or half inch between the starting line and the 
back of the client’s or athlete’s closest foot.

5. After the client or athlete has completed 
the initial standing long jump, say, “Return 
to the starting position and relax,” prior 
to making at least two more attempts, 
each separated by one minute of rest and 
recovery.

Figure 7.11 Standing long jump test.
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Alternatives or Modifications
The standing long jump can also be performed without an arm swing by asking the client or 
athlete to keep hands on hips through the entire jump.

After You Finish
The longest recorded distance is the final result.

Research Notes
The force produced during a standing long jump has shown to be more closely related to sprint 
speed than the force produced during a vertical jump (7). Furthermore, standing long jump 
performance reportedly demonstrated a stronger relationship to 100-meter times recorded 
during competitive events than shorter distance (10-, 30-, and 50-meter) times recorded 
during speed testing sessions (26).

Normative Data
Standing long jump classification values are provided in figure 7.12 for the male general youth 
population and adult elite athletes, figure 7.13 for the female general youth population and 
adult elite athletes, and figure 7.14 from the NFL Scouting Combine.

Figure 7.12 Standing long jump classifications for the male general youth population 
and adult elite athletes: high—70th percentile; typical—50th percentile; low—30th 
percentile.
Data from (2, 57).

E7208/Fukuda/Fig 07.13/607628/TB/R1

Adult, Elite

General, 17

General, 15

General, 13

General, 11

General, 9

100 120 140 160 180 200 240220 260 280 300 320 340

Standing long jump distance (cm)

Low Typical High

A
g

e 
(y

ea
rs

)



Power 143

E7208/Fukuda/Fig 07.12/607627/TB/R1

Adult, Elite

General, 17

General, 15

General, 13

General, 11

General, 9

90 110 130 150 170 190 210 230 250 270 290 310

Standing long jump distance (cm)

Low Typical High

A
g

e 
(y

ea
rs

)

Figure 7.13 Standing long jump classifications for the female general youth population and 
adult elite athletes: high—70th percentile; typical—50th percentile; low—30th percentile.
Data from (2, 57).
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Figure 7.14 Standing long jump classifications from the NFL Scouting Combine: 
high—70th percentile; typical—50th percentile; low—30th percentile.
Data from (38).
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SINGLE-LEG TRIPLE HOP TEST

Purpose
The single-leg triple hop test measures lower-body horizontal explosiveness or power on a 
single leg while providing leg-to-leg comparisons of balance, motor control, and strength.

Outcomes
Horizontal jump distance in centimeters or inches for each leg; side-to-side differences

Equipment Needed
Adhesive tape; measuring tape

Before You Begin
Place a one-meter (3 ft) strip of adhesive tape on the ground to mark the starting line. Identify 
the client’s or athlete’s dominant leg by asking which leg they would use for hopping or kick-
ing a ball. A standardized warm-up, including practice hops performed at moderate intensity 
(approximately 50% of estimated maximal effort), followed by three to five minutes of rest 
and recovery, should be conducted prior to beginning the assessment.

Protocol
1. Begin the procedure by saying to the client or athlete: “We are going to measure how 

far you can jump during several hops on one leg. Are you ready to begin? If so, please 
stand on your dominant leg with your toes at the starting line.”

2. After the client or athlete has assumed the correct position, continue by saying: “When 
I say ‘Go,’ perform three single-legged hops as far forward past the starting line as pos-
sible. Use your arms for balance and focus on landing safely on two feet after the third 
hop. Afterward, hold the final position so that your jump distance can be measured” 
(see figure 7.15 and figure 7.16).

3. Position yourself so that you can clearly view the jump. Verbally signal the client or athlete 
“3, 2, 1, go,” and verify that the hop begins with the foot flat on the ground and that 
the client or athlete lands under control on both feet without taking a step.

4. Record the distance to the closest centimeter or half inch between the starting line and 
the back of the client’s or athlete’s closest foot or heel.

5. After the client or athlete has completed the initial single-leg triple hop test, say, “Return 
to the starting position and relax,” prior to repeating the procedure with the opposite 
(nondominant) leg. The client or athlete will complete a total of three attempts per leg, 
with each attempt separated by 30 seconds to 1 minute of rest and recovery. The coach 
or fitness professional should also be keenly aware of the potential for a client or athlete 
to become fatigued during these tests and should be prepared to decrease the number 
of attempts if safety is compromised.
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Figure 7.16 Single-leg triple hop test.

Alternatives or Modifications
The single-leg triple hop test can also be performed without an arm swing by asking the client 
or athlete to keep hands on hips through the series of hops, or with the client or athlete land-
ing on one foot (rather than both feet) following the third and final hop. Additional versions 
of this test include adding a lateral (side-to-side) component to the standard distance test, 
which requires the client or athlete to perform three crossover hops (back and forth across a 
straight line) on a single leg.
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After You Finish
The longest recorded distance or the average of the three trials for each leg is the final result. 
The coach or fitness professional may also choose to directly compare leg-to-leg differences 
or imbalances by using the results from each leg during the single-leg triple hop test and 
calculating the lateral symmetry index as follows:

Lateral symmetry index values below 100 percent indicate that during the nondominant 
leg triple hop test, less distance was covered and some underlying between-leg performance 
differences exist.

Research Notes
Single-leg triple hop distance in athletes has been shown to be related to the vertical jump 
and the ability to generate force at high and low speeds (13) as well as short-distance  
(≤10 m [32.8 ft]) sprint speed (25). Collegiate male and female athletes perform better 
than high school male and female athletes in the single-leg triple hop; however, significant 
between-leg differences were only found in the female collegiate athletes (36). From an 
injury or sport readiness perspective, the symmetry index comparing triple hop distance 
between legs has shown to be reduced in female athletes who had been cleared to return 
to their sport after undergoing anterior cruciate ligament (ACL) reconstruction surgery (60). 
When adjusted for body weight, the symmetry index may be greater in athletes participat-
ing in sports with a high risk for ACL injury (soccer, basketball, and volleyball) than athletes 
participating in low-risk sports (diving, cross country, and track and field) (18).

Normative Data
Descriptive values for the single-leg triple hop test in various populations are provided in figure 
7.17. While specific cutoffs are recommended (approximately 90%), healthy, active individuals 
may display lateral symmetry index values between 85 and 90 percent. Therefore, baseline 
measures and client or athlete tracking over time is advisable.

= ×Lateral symmetry index nondominant leg distance
dominant leg distance

100

Figure 7.17 Descriptive (average) values for the single-leg triple hop test in various 
populations. Note: data taken from research studies employing a variety of different 
protocols (with and without arm swing, one- and two-foot landing, best performance 
or average of three trials, etc.) and only the greater distance of the two legs is reported.
Data from (36, 54).
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MEDICINE BALL CHEST PASS TEST

Purpose
The medicine ball chest pass test measures upper-body explosiveness or power during a 
pushing movement.

Outcomes
Horizontal throwing distance in centimeters or inches

Equipment Needed
Adhesive tape; measuring tape; bench with 45-degree incline; adequate vertical and horizontal 
clearance to safely complete the assessment; medicine ball (6 kg [13.2 lb] for females, 9 kg 
[19.8 lb] for males); spotter

Before You Begin
Extend a measuring tape at least 25 feet (7.6 m) out from the starting point where the medi-
cine ball would contact the client’s or athlete’s chest prior to a throwing attempt. Secure the 
measuring tape on the floor under the front support beam of the bench and lay it out in the 
direction of the throw. A standardized warm-up, including upper-body specific movements and 
practice throws performed at moderate intensity (approximately 50% of estimated maximal 
effort), followed by three to five minutes of rest and recovery, should be conducted prior to 
beginning the assessment.

Protocol
1. Begin the procedure by saying to the client or athlete: “We are going to measure how 

far you can throw a medicine ball. Are you ready to begin? If so, please pick up the 
medicine ball, take a seat on the bench, and then lean back so your torso and head 
are in contact with the bench. Check that your feet are flat on the floor a comfortable 
distance apart.”

2. After the client or athlete has assumed the correct position, continue: “When I say ‘Go,’ 
bring the medicine ball to your chest with both hands and maximally push it away from 
your body as far as possible. Focus on releasing the medicine ball at a 45-degree angle 
relative to the floor so you can get the greatest distance” (see figure 7.18).

3. Position yourself so that you can clearly view the throw. Verbally signal the client or 
athlete “3, 2, 1, go,” and verify that he or she remains in contact with the bench during 
the throw. A spotter placed near the end of the measuring tape should attempt to mark 
the landing point. (Alternatively, the ball can be covered with chalk to aid in identifying 
the proper location.) In order for an attempt to be counted, the medicine ball should 
land within 2 feet (0.6 m) of the measuring tape.

4. Record the distance to the closest centimeter or half inch between the starting point 
and the landing point.

5. After the client or athlete has completed the initial medicine ball pass, say, “Relax,” 
prior to making at least two more attempts, each separated by two to three minutes of 
rest and recovery.
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Figure 7.18 Medicine ball chest pass.

Alternatives or Modifications
The medicine ball chest pass may be conducted with the client or athlete seated on a chair 
(for example, in older adults, with a 3-kilogram [6.6 lb] medicine ball (14)) or a bench with a 
90-degree incline, on the floor with knees either bent or extended and with the back against 
the wall (for example, in five- to six-year-old children with a 2-pound [0.9 kg], 8-inch [20 cm] 
diameter medicine ball (6)), and from a kneeling position. A seated one-armed version of this 
test that allows for side-to-side comparisons can also be completed.

After You Finish
The longest recorded distance is the final result.

Research Notes
Medicine ball chest pass performance has been shown to be highly related to power output 
during a bench press throw test (5) and a significant predictor variable for club head speed 
in golfers with single-figure handicaps (43). In collegiate American football players, medicine 
ball chest pass performance, using a bench with a 90-degree incline, was reported to increase 
following a 15-week (4 days per week) offseason resistance training program (17).

Normative Data
Due to the wide variety of assessment protocols employed and the size of medicine balls used, 
limited widespread normative data is available. Medicine ball chest pass classification values 
for college-aged men and women are provided in figure 7.19.

Figure 7.19 Medicine ball chest pass classifications for college-aged men and women: 
high—70th percentile; typical—50th percentile; low—30th percentile. A 6-kilogram 
(13.2 lb) medicine ball was used for females, and a 9-kilogram (19.8 lb) medicine ball 
was used for males.
Data from (5).
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FORWARD OVERHEAD MEDICINE BALL 
THROW TEST

Purpose
The forward overhead medicine ball throw test measures total body explosiveness or power 
during a pushing or throwing and forward bending motion.

Outcomes
Horizontal throwing distance in centimeters or inches

Equipment Needed
Adhesive tape; measuring tape; adequate vertical and horizontal clearance to safely complete 
the assessment; medicine ball (various sizes; 2 kg is recommended for tennis athletes); spotter

Before You Begin
Place a 1-meter (3 ft) strip of adhesive tape on the ground to mark the starting line, and 
similar parallel strips every 0.5 meters (20 in.) up to a total distance appropriate for the client 
or athlete being evaluated to determine the landing point. A standardized warm-up, includ-
ing upper-body-specific movements and practice throws performed at moderate intensities 
(approximately 50% of estimated maximal effort), followed by three to five minutes of rest 
and recovery, should be conducted prior to beginning the assessment.

Protocol
1. Begin the procedure by saying to the client or athlete: “We are going to assess how far 

you can throw a medicine ball. Are you ready to begin? If so, please pick up the medicine 
ball and stand back behind the starting line with your feet parallel.”

2. After the client or athlete has assumed the correct position, continue: “When I say ‘Go,’ 
bring the medicine ball up and back over your head with both hands and, without taking 
a step, throw the ball as far forward as possible. During the throwing motion, your back 
will slightly hyperextend; however, do not move your feet, focus on maintaining your 
balance, and throw the medicine ball straight ahead” (see figure 7.20).

3. Position yourself so that you can clearly view the throw. Verbally signal the client or 
athlete “3, 2, 1, go,” and verify that he or she does not cross the starting line. A spotter 
placed a safe distance behind the client or athlete should attempt to mark the landing 
point. (Alternatively, the ball can be covered with chalk to aid in identifying the landing 
location.)

4. Record the distance to the closest centimeter or half inch between the starting line and 
the landing point.

5. After the client or athlete has completed the initial throw, say, “Return to the start position 
and relax,” prior to continuing attempts separated by one minute of rest and recovery 
until two consecutive throws are within 0.5 meters (20 in.) of each other.
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Alternatives or Modifications
A standing version with a step or a kneeling version of the forward overhead medicine ball 
throw, which removes the influence of the lower body, may also be conducted.

After You Finish
The longest recorded distance is considered the final result.

Research Notes
Forward overhead medicine ball throw performance may be of particular relevance to athletes 
who are required to produce powerful movements with their arms overhead (termed over-
head athletes). For example, youth tennis players demonstrated improved forward overhead 
medicine ball throw performance following eight weeks of twice-weekly plyometric training 
consisting of both upper- and lower-body exercise (10).

Backward overhead medicine ball throw performance likely differs by playing position in 
volleyball (29) and in soccer with forwards exhibiting greater throwing distances than defenders 
(27). Professional female volleyball players have shown improvements in this measure during 
a competitive season (28).

Normative Data
Forward overhead medicine ball throw classification values for elite tennis players are provided 
in figure 7.21. Descriptive values for the forward overhead medicine ball throw in volleyball 
players are provided in figure 7.22 and in male youth soccer players in figure 7.23 and figure 
7.24.

Figure 7.20 Forward overhead medicine ball throw.

a b
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Figure 7.21 Forward overhead medicine ball throw classifications for elite tennis 
players. A 6-pound (2.7 kg) medicine ball was used.
Data from (9, 46).
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Figure 7.22 Descriptive (average) values for the forward overhead medicine ball 
throw in professional volleyball players. A 3-kilogram (6.6 lb) medicine ball was used.
Data from (28, 29).
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Figure 7.23 Descriptive (average) values for the forward overhead medicine ball 
throw in male youth soccer players separated by position. A 5-kilogram (11 lb) medi-
cine ball was used.
Data from (27).
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Figure 7.24 Descriptive (average) values for the forward overhead medicine ball throw 
in male youth soccer players separated by age group. A 5-kilogram (11 lb) medicine 
ball was used.
Data from (27).
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BACKWARD OVERHEAD MEDICINE BALL 
THROW TEST

Purpose
The backward overhead medicine ball throw test measures total body explosiveness or power 
during a pushing or throwing and backward extending motion.

Outcomes
Horizontal throwing distance in centimeters or inches

Equipment Needed
Adhesive tape; measuring tape; adequate vertical and horizontal clearance to safely complete 
the assessment; medicine ball (various sizes); spotter

Before You Begin
Place a 1-meter (3 ft) strip of adhesive tape on the ground to mark the starting line, and 
similar parallel strips every 0.5 meters (20 in.) up to a total distance appropriate for the client 
or athlete being evaluated to determine the landing point. A standardized warm-up, includ-
ing upper-body-specific movements and practice throws performed at moderate intensity 
(approximately 50% of estimated maximal effort), followed by three to five minutes of rest 
and recovery, should be conducted prior to beginning the assessment.

Protocol
1. Begin the procedure by saying to the client or athlete: “We are going to measure how 

far you can throw a medicine ball. Are you ready to begin? If so, please pick up the 
medicine ball and stand behind the starting line.”

2. After the client or athlete has assumed the correct position, continue: “When I say 
‘Go,’ extend your arms forward and bring the medicine ball to chest height directly 
in front of you with both hands, then quickly bend your 
knees and swing your arms and the medicine ball down 
between them. Without pausing or stopping, immediately 
reverse the movement to jump up and swing the medicine 
ball up, over, and backward over your head as forcefully as 
possible. Focus on keeping your arms straight throughout 
the movement and on landing safely after releasing the 
medicine ball” (see figure 7.25).

3. Position yourself so that you can clearly view the throw. 
Verbally signal the client or athlete “3, 2, 1, go,” and verify 
that the knees do not bend past 90 degrees and shoulders 
do not lean too far forward. A spotter placed a safe distance 
behind the client or athlete should attempt to mark the land-
ing point. (Alternatively, the ball can be covered with chalk 
to aid in identifying the landing location.)

4. Record the distance to the closest centimeter or half inch 
between the starting line and the landing point.

5. After the client or athlete has completed the initial throw, say, 
“Return to the start position and relax,” prior to continu-
ing attempts separated by one minute of rest and recovery 
until two consecutive throws are within 0.5 meters (20 in.) 
of each other.

Figure 7.25 Backward over-
head medicine ball throw.
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Alternatives or Modifications
Some backward overhead medicine ball throw protocols require the client or athlete to maintain 
foot contact with the ground throughout the entire throwing motion. This approach poten-
tially allows for greater control (and safety) but decreases the explosiveness of the maneuver 
resulting in shorter throwing distances. A seated version of the backward overhead medicine 
ball throw, which removes the influence of the lower body, may also be conducted.

After You Finish
The longest recorded distance is the final result.

Research Notes
Backward overhead medicine ball throw performance has been shown to be related to power 
output generated during a vertical jump in a variety of athletes, including volleyball players 
(50), football players (31), and wrestlers (51), as well as maximal strength during Olympic 
lifting (snatch and clean and jerk) (39).

Interestingly, backward overhead medicine ball throw distance is reportedly a significant 
predictor variable of cross-country skiing performance in boys (13-14 years old) but not in girls 
with whom 3,000-meter running time was the best predictor variable (52).

Normative Data
Backward overhead medicine ball throw classification values for elite tennis players are provided 
in figure 7.26. Descriptive values for the backward overhead medicine ball throw in various 
populations are provided in figure 7.27 and figure 7.28.
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Figure 7.26 Backward overhead medicine ball throw classifications for elite tennis 
players. A 6-pound (2.7 kg) medicine ball was used.
Data from (9, 46).
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Figure 7.27 Descriptive (average) values for the backward overhead medicine ball 
throw in various male populations. Medicine ball size indicated as kilograms (kg).
Data from (3, 5a, 8, 31, 51).

Figure 7.28 Descriptive (average) values for the backward overhead medicine ball 
throw in various female youth gymnasts and male and female cross-country skiers. 
Medicine ball size indicated as kilograms (kg).
Data from (47, 52).
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ROTATING MEDICINE BALL THROW TEST

Purpose
The rotating medicine ball throw test measures upper-body explosiveness or power during a 
twisting motion.

Outcomes
Sideways throwing distance in centimeters or inches

Equipment Needed
Adhesive tape; measuring tape; adequate vertical and horizontal clearance to safely complete 
the assessment; medicine ball (various sizes); spotter

Before You Begin
Place a 1-meter (3 ft) strip of adhesive tape on the ground to mark the starting line, and 
similar parallel strips every 0.5 meters (20 in.) up to a total distance appropriate for the client 
or athlete being evaluated to determine the landing point. A standardized warm-up, includ-
ing upper-body-specific movements and practice throws performed at moderate intensities 
(approximately 50% of estimated maximal effort), followed by three to five minutes of rest 
and recovery, should be conducted prior to beginning the assessment.

Protocol
1. Begin the procedure by saying the following to the client or athlete: “We are going to 

measure how far you can throw a medicine ball. Are you ready to begin? If so, please 
pick up the medicine ball and stand sideways behind the starting line.”

2. After the client or athlete has assumed the correct position, continue by saying: “When I 
say ‘Go,’ extend your arms forward and bring the medicine ball to chest height directly 
in front of you with both hands. Quickly rotate away from the starting line, then swing 
your arms and the medicine ball back toward the starting line before throwing it as far 
sideways as possible. Focus on keeping your arms straight and feet on the ground, main-
taining your balance, and throwing the medicine ball in a straight line” (see figure 7.29).

3. Position yourself so that you can clearly view the throw. Verbally signal the client or 
athlete “3, 2, 1, go,” and verify that his or her feet do not cross the starting line. A 
spotter placed a safe distance behind the client or athlete should attempt to mark the 
landing point. (Alternatively, the ball can be covered with chalk to aid in identifying the 
landing location.)

4. Record the distance to the closest centimeter or half inch between the starting line and 
the landing point.

5. After the client or athlete has completed the initial throw, say, “Return to the start 
position and relax,” prior to testing the throw in the opposite direction and continuing 
attempts separated by one minute of rest and recovery until two consecutive throws on 
a given side are within 0.5 meters (20 in.) of each other.
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Figure 7.29 Rotating medicine ball throw.

Alternatives or Modifications
Kneeling or seated versions of the rotating medicine ball throw, which remove the influence of 
the lower body, have also been conducted. A sport-specific modification of this test, termed 
the medicine ball hitter’s throw, requires that the athlete assume a typical batting stance and 
hold a 1-kilogram (2.2 lb) medicine ball with two hands at shoulder level prior to completing 
the throwing motion in a manner similar to swinging a baseball bat (56).

After You Finish
The longest recorded distance for each side is the final result.

Research Notes
Rotating medicine ball throw performance provides an indication of the ability to produce 
force during trunk rotation and both upper- and lower-body power output, which typically 
requires expensive, instrumented equipment and additional safety considerations (9). Rotating 
medicine ball throw performance has shown to correlate to the ability to produce rotational 
force in tennis players (9), club head speed in golfers (43), and cricket ball-throwing velocity 
in cricket players (11).

Normative Data
Rotating medicine ball throw classification values for elite tennis players are provided in figure 
7.30. Descriptive values for the rotating medicine ball throw in young men and women with 
different-sized medicine balls are provided in figure 7.31.

a b
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Figure 7.30 Rotating medicine ball throw classifications for elite tennis players.  
A 6-pound (2.7 kg) medicine ball was used.
Data from (9, 46).

Figure 7.31 Descriptive (average) values for the rotating medicine ball throw in young 
men and women. Side indicated as right or left and medicine ball size indicated as kilo-
grams (kg).
Data from (20, 46).
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STAIR SPRINT POWER TEST

Purpose
The stair sprint power test (also called the Margaria-Kalamen test) measures lower-body power 
and explosiveness while running up an incline.

Outcomes
Time, in seconds, needed to complete the intended movement pattern; estimated average 
power output

Equipment Needed
Stairs with at least nine stair steps that are approximately 17 to 18.5 centimeters (0.170 to 
0.185 m or 6.7 to 7.28 in.) high and 29 to 32 centimeters (0.29 to 0.32 m or 11.4 to 12.6 in.) 
deep with a lead-up length of approximately 6 meters (20 ft); adhesive tape; measuring stick 
or tape; timing device

Before You Begin
Follow the procedures outlined in chapter 4 to record the client’s or athlete’s body weight in 
kilograms. Verify the height of the steps and determine the vertical distance between the third 
and the ninth stair step in meters (typically 0.17 m × 6 stair steps = 1.02 m). Place a strip of 
adhesive tape on the ground six meters from the base of the staircase to serve as the starting 
line. A schematic for this version of the stair sprint power test is provided in figure 7.32. Also 
note that a standardized warm-up, including several practice stair sprints performed at mod-
erate intensities (approximately 50 to 80% of estimated maximal effort), followed by three 
to five minutes of rest and recovery, should be conducted prior to beginning the assessment.

Figure 7.32 Setup for the stair sprint power test (Margaria-Kalamen test).
Adapted by permission from G.G. Haff and C. Dumke, Laboratory Manual for Exercise Physiology, 2nd ed. 
(Champaign, IL: Human Kinetics, 2019), 300.
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Protocol
1. Begin the procedure by saying to the client or athlete: “We are going to measure how 

quickly you can sprint up this staircase. Are you ready to begin? If so, please stand 
behind the starting line.”

2. Next, explain: “When I say ‘Go,’ sprint forward and go up the staircase three steps at 
a time as fast as possible to complete the test.”

3. Position yourself so that you can clearly view the third and ninth stair steps. Verbally 
signal the client or athlete “3, 2, 1, go,” and start the timing device when the third stair 
step is reached and stop it when the ninth stair step is reached. Record this to the near-
est 0.01 second.

4. After the client or athlete has completed the initial test, say, “Return to the starting 
position and relax,” prior to making two more attempts, each separated by two to three 
minutes of rest and recovery.

Alternatives or Modifications
An alternative version of the test can be performed when 6 meters of lead-up length is not 
available. In this test, the timing device begins when the client’s or athlete’s foot makes contact 
with the first step and stops when five strides at two stair steps per stride have been climbed. 
This version of the stair sprint test was established with 18.5-centimeter (0.185 m or 7.28 in.) 
stair steps, which equals a total vertical distance of 2.04 meters (0.185 meters × 11 stair steps).

After You Finish
The fastest recorded time is the final result. Coaches or fitness professionals can then calculate 
average power output using the following formula:

The height in this equation will be determined by the vertical distance between the first 
and final steps outlined in the assessment protocol (i.e., 1.02 m or 2.04 m). Coaches or fitness 
professionals can then divide the average power output by body weight to account for size 
differences between clients or athletes.

Research Notes
Power output calculated from the stair sprint power test was found to be more influential than 
the vertical jump or 50-meter sprint performance when evaluating explosiveness (or anaerobic 
power) in athletes and nonathletes engaged in plyometric training (59). Furthermore, the stair 
sprint power test performance has been shown to differentiate between playing positions in 
American football (15) and demonstrated to have a positive relationship with an on-ice sprint 
skate test in youth hockey players (42).

Normative Data
Stair sprint test power classification values are provided in figure 7.33. Descriptive values for 
stair sprint test power values relative to body mass in various groups are provided in figure 7.34.

Power (watts) body weight (kg) 9.807 height (m)
time (sec)

= × ×
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Figure 7.33 Stair sprint test classifications for various groups (electronic timing system): 
high—70th percentile; typical—50th percentile; low—30th percentile. Modified: see 
“Alternatives or Modifications” section for details.
Data from (1, 4, 30, 32).
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Figure 7.34 Descriptive values for the stair sprint test for various groups (electronic 
timing system). Reported in watts per kilogram of body weight (W/kg).
Data from (1, 30, 32, 49).
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ROWING ERGOMETER PEAK POWER TEST

Purpose
The rowing ergometer peak power test measures whole-body power or explosiveness during 
a lower-body pushing motion and an upper-body/trunk-pulling motion.

Outcomes
Peak power output, in watts or watts per kilogram of body weight, during a rowing stroke

Equipment Needed
Rowing ergometer

Before You Begin
Follow the procedures outlined in chapter 4 to record the client’s or athlete’s body weight in 
kilograms. Set the adjustable resistance level to the highest setting: 10 for nonrowers (or 5 for 
trained rowers) and the on-board computer to display watts and strokes per minute. Review 
the basic elements of a rowing stroke with the client or athlete (preferably during a familiariza-
tion session prior to testing) as outlined in table 7.1. Also note that a standardized warm-up, 
including five minutes of rowing performed at moderate intensity (approximately 50 to 80% 
of estimated maximal effort), followed by three to five minutes of rest and recovery, should 
be conducted prior to beginning the assessment.

Table 7.1 Basic Elements of a Rowing Stroke

1. Start 2. Drive

• Arms are out in front of the torso with the 
elbows fully extended

• Head is in a neutral position
• Shoulders are level with the ground and in front 

of the hips
• Shins are vertical and the knees are bent 

without going past 90º
• Feet are fully in contact with the foot plate

• Extend the hips and knees to push with the legs 
to drive through the foot plate

• Maintain upper-body position
• As the hips and knees extend, lean the upper 

body back and pull the hands to the lower ribs

3. Finish 4. Recovery

• Hips and knees are fully extended with the 
handle near the lower ribs

• Upper body is slightly reclined with support 
from the core muscles

• Head is in a neutral position
• Neck and shoulders are relaxed

• Reverse the movement of the drive
• Elbows are extended with the arms out in front 

of the torso
• Lean the upper body forward and bend the 

knees as the seat slides forward
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Protocol
1. Begin the procedure by saying to 

the client or athlete: “We are going 
to measure how hard you can pull 
during a rowing stroke. Are you ready 
to begin? If so, please have a seat on 
the rowing ergometer, tighten the 
foot plate straps around your feet, 
and grasp the handle with both 
hands.”

2. Next, explain: “When I say ‘Go,’ pull 
on the handle while going completely 
through the start, drive, finish, and 
recovery phases for a total of six ini-
tial warm-up strokes followed by six 
all-out strokes, pulling as hard and 
fast as possible to complete the test” 
(see figure 7.35).

3. Position yourself so that you can 
clearly view the performance moni-
tor. Verbally signal the client or ath-
lete “3, 2, 1, go,” and verify that the 
client or athlete maintains a stroke 
rate of 35 to 45 strokes per minute 
while recording the power outputs 
displayed by the on-board computer 
for each stroke.

4. After the client or athlete has com-
pleted the initial test, say, “Return to 
the starting position and relax,” prior 
to making at least one more attempt 
separated by three to five minutes of 
rest and recovery.

Alternatives or Modifications
Protocols containing up to 15 rowing strokes have been used to evaluate peak power, and the 
coach or fitness professional should verify that a relative plateau in power output has been 
achieved during the assessment.

Figure 7.35 The (a) start, (b) drive, and (c) 
finish elements of a rowing stroke.

a

b

c
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After You Finish
The highest recorded peak power during a single stroke is the final result. Coaches or fitness 
professionals can then divide the peak power output by body weight to account for size dif-
ferences between clients or athletes.

Research Notes
Peak power determined on a rowing ergometer has been shown to be related to bench pull 
and power clean performance in trained rowers (24). In a more varied group consisting of 
inactive and physically active men and women as well as rowing athletes, rowing ergometer 
peak power correlated significantly to countermovement jump peak power determined using 
a force plate (34).

Normative Data
Descriptive values for the rowing ergometer peak power test in various populations are pro-
vided in figure 7.36.

Figure 7.36 Descriptive (average) values for the rowing ergometer peak power test in 
male and female rowing athletes, physically active individuals, and physically inactive 
individuals. Reported in watts per kilogram of body weight (W/kg).
Data from (34).
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Musculoskeletal fitness is commonly evaluated 
through the static (without movement) 

or dynamic (with movement) assessment of 
muscular strength and muscular endurance. 
Because muscular strength is an indicator of force 
production and contributes to power output (along 
with speed or velocity), it plays a large direct or 
indirect role in many activities of daily living, 
recreational endeavors, and sports performance. 
Furthermore, higher levels of muscular strength 
may provide a protective effect with respect to 
injury. While maximal dynamic strength can be 
safely measured using a one-repetition maximum 
(1RM) test in resistance-trained individuals, 
coaches or fitness professionals working with 
athletes or clients who have minimal training may 
elect to use a multiple-repetition maximum test 
or a static test (e.g., using a handgrip dynamom-
eter) that can be generalized to more functional 
movements. Muscular endurance can also be 
measured via a static or dynamic test to evaluate 
general health and injury risk or as a measure of 
force production over an extended period of time 
(or during repeated movements). In particular, 

Muscular Strength and 
Endurance

“If the statistics are boring, then you’ve got the wrong numbers.”

Edward R. Tufte, Statistician

muscular endurance tests are included in many 
testing batteries focused on children, older adults, 
and occupational settings due to their relevance 
to day-to-day tasks and work-related duties. The 
movement pattern and muscle groups engaged 
will likely dictate which assessments are most 
appropriate for a given situation. The assessments 
covered in this chapter are as follows:

� One-repetition maximum strength test:
back squat, leg press, bench press, and
bench pull (21, 34)

� Multiple-repetition maximum strength test
(21, 34)

� Maximal handgrip strength test (8)

� Static muscular endurance tests: prone
bridge (or plank) (28); half-squat (or
wall-sit) (22); and flexed-arm hang (or
bent-arm hang) (29)

� Dynamic muscular endurance tests:
partial curl-ups (or bent-knee sit-ups) (21);
push-ups (21); squats (4); and pull-ups (29)

� YMCA bench press test (21)

CHAPTER 8
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ONE-REPETITION MAXIMUM STRENGTH TEST

Purpose
The one-repetition maximum (1RM) strength test measures the maximal strength of the 
muscle groups engaged during a single specified movement.

Outcomes
Maximum amount of weight lifted for a single repetition (termed absolute strength); maximum 
strength relative to body weight (termed relative strength)

Equipment Needed
Rack or stands; flat bench or leg press; barbell; safety locks; weight plates; spotters

Before You Begin
Follow the procedures outlined in chapter 4 to record the client’s or athlete’s body weight. 
Review the basic elements of the movement to be assessed (preferably during a familiarization 
session prior to testing) with the client or athlete and spotters as outlined in tables 8.1 through 
8.4 and figures 8.1 through 8.4. These selections should be made with consideration for the 
muscle groups used, with the leg press and back squat used to evaluate the lower body and 
the bench press and bench pull used to evaluate the upper body, and the relevant movements 
(i.e., the bench press for pushing and the bench pull for pulling).

Clear the lifting area, place the supports at the appropriate height in order to hold the bar-
bell at an easily accessible location for the client or athlete, lower the safety bars enough to 
allow for the full range of motion, and make sure that the collars are in working order. Verify 
that the selected spotters are of adequate size and strength to support the loads lifted by the 
client or athlete being evaluated. Prior to attempting the 1RM test, determine a phrase (“Take 
it”) or action that will signal that the client or athlete cannot complete a repetition. Upon 
hearing or seeing this signal, the spotters should grasp the barbell and assist with reracking 
it on the supports.

A standardized general warm-up followed by three to five minutes of rest and recovery 
should be conducted prior to beginning the assessment. A specific lifting warm-up is built 
into the 1RM protocol.
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Table 8.1 Back Squat Technique

1. Starting position (barbell on the rack) 2. Downward movement

Client or athlete
• With the feet parallel, position the barbell across the 

shoulders or back and grip with the hands (with the 
palms forward and the thumbs wrapped underneath) a 
comfortable distance outside of the shoulders

• Bring the elbows under the barbell with the chest up and 
the eyes forward before lifting it from the rack supports 
and taking a step or two backward

• Reposition the feet to shoulder-width apart or wider and 
point the toes slightly outward

Two spotters
• Stand at each end of the barbell and grip with both hands 

(with the thumbs crossed below)
• Coordinate with the client or athlete to assist with the 

liftoff of the barbell and release the hands but keep them 
in close proximity

Client or athlete
• Keep the back straight, chest up, eyes forward, and 

elbows down; maintain the grip on the barbell
• Slowly bend the knees and hips (similar to sitting in 

a chair) and lower the barbell in a smooth, controlled 
motion; maintain the heels on the floor and the knees 
over the feet

• Continue the descent until the thighs are parallel with the 
ground, the back begins to bend excessively, or the heels 
begin to rise from the floor

Two spotters
• Without touching the barbell, mirror its downward 

movement using both hands (with the thumbs crossed 
below)

• Keep the back straight while bending the knees and hips 
through the descent of the barbell

3. Upward movement 4. Completion

Client or athlete
• Keep the back straight, chest up, eyes forward, and 

elbows down; maintain the grip on the barbell
• Simultaneously extend the knees and hips and raise the 

barbell in a smooth, controlled motion until reaching the 
starting position

Two spotters
• Without touching the barbell, mirror its upward 

movement using both hands (with the thumbs crossed 
below)

• Keep the back straight while extending the knees and 
hips through the ascent of the barbell

Client or athlete
• Following completion of the intended number of 

repetitions and returning to the starting position, step 
forward and position the barbell back on the supports

• Slightly bend the knees and lower the shoulders from 
under the racked barbell

Two spotters
• Grip the barbell with both hands to assist with placing 

the barbell back on the supports

Figure 8.1 The back squat movement.

a b
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Table 8.2 Leg Press Technique

1. Starting position 2. Downward movement

Client or athlete
• Take a seat in the machine with the back and buttocks flat 

on the support pads
• Place the feet parallel hip-width apart with full contact on 

the platform and the toes pointing slightly outward
• Grip the stationary handles located at the sides of the 

seat and straighten the knees (but do not lock them)
• Let go of the stationary handles, release the support 

mechanism, and regrip the stationary handles
Two spotters

• Coordinate with the client or athlete to assist with the 
liftoff of the sled and release the hands but stay in close 
proximity

Client or athlete
• Keep the back and buttocks flat on the support pads; 

maintain the grip on the stationary handles and the feet 
on platform

• Slowly bend the knees and hips and lower the sled in a 
smooth, controlled motion

• Continue the descent until the thighs are parallel with the 
platform

Two spotters
• Stand alert at the side of the sled during its downward 

movement and, if needed, be prepared to step in front of 
the sled to assist the client or athlete by supporting the 
platform

3. Upward movement 4. Completion

Client or athlete
• Keep the back and buttocks flat on the support pads; 

maintain the grip on the stationary handles and the feet 
on platform

• Slowly extend the knees (without locking them) and the 
hips, and raise the sled in a smooth, controlled motion

• Continue the ascent until reaching the starting position
Two spotters

• Stand alert at the side of the sled during its upward 
movement and, if needed, be prepared to step in front of 
the sled to assist the client or athlete by supporting the 
platform

Client or athlete
• Following completion of the intended number of 

repetitions and returning to the starting position, let 
go of the stationary handles and engage the support 
mechanism

• Remove the feet and exit the seat
Two spotters

• Assist by supporting the platform until the support 
mechanism is engaged and the client has safely exited 
the seat

Figure 8.2 Leg press movement.

a b
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Figure 8.3 The bench press movement.

Table 8.3 Bench Press Technique

1. Starting position (barbell on the rack) 2. Downward movement

Client or athlete
• Lie down on the bench facing up while making contact with 

the head and shoulders or back, with feet flat on the ground
• Adjust the body so that the eyes are in line with the barbell; 

grip with the hands (palms forward and thumbs wrapped 
underneath) a comfortable distance outside of the shoulders

• Extend the elbows and lift the barbell from the rack supports 
and position it over the chest

Spotter
• Stand at the client’s or athlete’s head and grip the barbell 

with both hands (with the palm of one hand facing forward 
and the other facing backward, and the thumbs wrapped 
underneath)

• Coordinate with the client or athlete to assist with the liftoff 
of the barbell and release the hands but keep them in close 
proximity to the barbell 

Client or athlete
• Keep the head and shoulders or back in contact with the 

bench, and keep the feet on the ground
• Ensure that the forearms are parallel with each other and 

perpendicular to the ground; maintain the position of the 
wrists

• Slowly bend the elbows and lower the barbell in a smooth, 
controlled motion until contacting the lower portion of the 
chest

Spotter
• Without touching the barbell, mirror its downward 

movement with both hands (with the palm of one hand 
facing forward and the other facing backward, and the 
thumbs wrapped underneath)

• Keep the back straight while bending the knees and hips 
along with the descent of the barbell

3. Upward movement 4. Completion

Client or athlete
• Keep the head and shoulders/back in contact with the bench 

and the feet on the ground
• Ensure that the forearms are parallel with each other and 

perpendicular to the ground; maintain the position of the 
wrists

• Slowly extend the elbows and raise the barbell up and 
slightly backward in a smooth, controlled motion until 
reaching the starting position

Spotter
• Without touching the barbell, mirror its upward movement 

with both hands (with the palm of one hand facing forward 
and the other facing backward and the thumbs wrapped 
underneath)

• Keep the back straight while extending the knees and hips 
through the ascent of the barbell

Client or athlete
• Following completion of the intended number of repetitions 

and returning to the starting position, place the barbell back 
on the supports and release the hands

Spotter
• Grip the barbell with both hands (with the palm of one 

hand facing forward and the other facing backward, and 
the thumbs wrapped underneath) to assist with placing the 
barbell back on the supports

• Note: For additional safety, particularly during heavier RM 
attempts, additional spotters can be placed on the ends of 
the barbell in a manner similar to the back squat.

a b
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Table 8.4 Bench Pull Technique

1. Starting position 2. Upward movement

Client or athlete
• Lie down on the bench facing down while 

making contact with the chest and head (or 
side of the head); keep the feet off of the 
ground

• Adjust so that the barbell placed on the ground 
is at chest level, and grip with the hands (with 
the palms down and the thumbs wrapped 
underneath) a comfortable distance outside of 
the shoulders

• Lift the barbell so that a small amount of 
ground clearance is available (the bench height 
must be set accordingly)

Spotter
• Assist with the positioning and initial liftoff

Client or athlete
• Maintain bench contact with the chest and 

head (or side of the head) with the feet off of 
the ground with limited movement

• From the hang position, bend the elbows until 
the barbell makes contact with the bottom of 
the bench in line with the lower chest

Spotter
• Verify contact between the barbell and bench

3. Downward movement 4. Completion

Client or athlete
• Maintain bench contact with the chest and 

head (or side of the head), and keep the feet off 
of the ground with limited movement

• Extend the elbows and lower the barbell to the 
hang position in a controlled manner without 
touching the ground

Client or athlete
• Following completion of the intended number 

of repetitions and returning to the hang 
position, place the barbell back on the ground

Spotter
• Assist the client or athlete with returning the 

barbell to the ground

Figure 8.4 The bench pull movement.
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Protocol
1. Begin the procedure by saying to the client or athlete: “We are going to measure your 

strength during a single specific lifting movement. Are you ready to begin? If so, please 
get into the starting positon.”

2. Make sure to account for the weight of the unloaded barbell or sled and add a minimal 
amount of weight for the initial warm-up set.

3. Next, direct the client or athlete: “Start with a warm-up set of 5 to 10 repetitions and 
focus on using proper technique. After the first warm-up set, you will rest for one 
minute.”

4. After one minute of rest:

• Add an additional 10 to 20 pounds (5 to 9 kg) for bench press or bench pull.

• Add an additional 30 to 40 pounds (14 to 18 kg) for back squat or leg press.

5. Continue by saying: “Now complete another warm-up set of two to three repetitions 
with proper technique and then rest for a few minutes.”

6. After two to four minutes of rest:

• Add an additional 10 to 20 pounds (5 to 9 kg) for bench press or bench pull.

• Add an additional 30 to 40 pounds (14 to 18 kg) for back squat or leg press.

7. Tell the client or athlete: “Now attempt to complete one repetition with proper technique. 
After your attempt, you will rest for a few minutes. Depending on your performance, 
we will add or remove some weight and try again.”

8. After two to four minutes of rest:

• If the previous bench press or bench pull attempt was successful, add an additional 
10 to 20 pounds (5 to 9 kg).

• If the previous back squat or leg press attempt was successful, add an additional 30 
to 40 pounds (14 to 18 kg).

• If the previous bench press or bench pull attempt was unsuccessful, remove 5 to 
10 pounds (2 to 5 kg).

• If the previous back squat or leg press attempt was unsuccessful, remove 15 to 20 
pounds (7 to 9 kg).

9. Continue attempts (repeat from step 7) until a 1RM value can be identified, preferably 
within three to five sets. Note: The load increases during 1RM testing can be larger for 
more experienced or stronger clients or athletes and potentially lower for those with less 
experience or baseline strength.

Alternatives or Modifications
If the client or athlete or the coach or fitness professional is relatively new to weight training 
or a particular movement pattern, the multiple-repetition maximum strength test protocol 
outlined in the next section may be more appropriate.

The estimated percentage of 1RM for a given number of repetitions is provided in table 8.5. 
For example, the client or athlete would be able to complete approximately three repetitions 
at roughly 93 percent of the 1RM, or 5 to 10 repetitions between 75 percent and 87 percent 
of the 1RM. Note that these estimated values do not consider specific muscle groups and will 
likely vary depending on the use of the upper versus lower body.
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After You Finish
The greatest amount of weight lifted with good technique for a single repetition is the final 
result. In an effort to account for the size differences between clients or athletes, relative 
strength can be calculated by dividing the RM test result by body weight.

Research Notes
Considerations for body weight are relevant to the evaluation of maximal strength. For exam-
ple, heavyweight powerlifters clearly dominate when examining absolute strength, whereas 
lightweight powerlifters possess greater relative strength. Which begs the question: Who 
is the strongest? Absolute strength is highly related to body weight, with larger individuals 
demonstrating greater strength values; however, a similar relationship exists between relative 
strength and body weight but in the opposite direction, with smaller individuals potentially 
demonstrating greater strength values. Ultimately, the actual application of strength and 
potentially the influence of power during a particular sport or activity will play a role in which 
approach is most valuable to the coach or fitness professional. Relative strength may be of 
particular importance in situations where a client or athlete is losing or gaining body weight 
to determine the influence of these changes on performance.

From a sports medicine perspective, weaker youth female athletes have approximately 9.5 
times greater odds of traumatic knee injury than stronger female athletes as determined by 
1RM back squat, while a similar increase in risk was not found for youth male athletes (31). 
The researchers who conducted this investigation reported a 1RM back squat cutoff of less 
than 105 percent of body weight for high versus low risk of injury in youth female athletes.

Normative Data
1RM strength classification values for male high school and collegiate athletes are provided 
in figure 8.5 (back squat) and figure 8.6 (bench press), and for female collegiate athletes in 
figure 8.7 (back squat) and figure 8.8 (bench press). Descriptive values for 1-RM bench pull 
in various populations are provided in figure 8.9. Relative maximum strength classifications 
for men are provided in figure 8.10 (leg press) and figure 8.11 (bench press), and women in 
figure 8.12 (leg press) and 8.13 (bench press).

Table 8.5 Estimated Percentage of the One-Repetition Maximum (%1RM) for a 
Given Number of Repetitions

Repetitions %1RM

1 100

2 95

3 93

4 90

5 87

6 85

7 83

8 80

9 77

10 75

Reprinted by permission from J.M. Sheppard and N.T. Triplett, “Program Design for Resistance Training.” In Essentials of 
Strength Training and Conditioning, 4th ed., edited for the National Strength and Conditioning Association by G.G. Haff and 
N.T. Triplett (Champaign, IL: Human Kinetics, 2016), 452.



Muscular Strength and Endurance 173

E7208/Fukuda/Fig 08.06/607674/TB/R1

Low Typical High

90 100 110 120 130 140 150 160 170 180 190 200 210

Back squat 1RM strength (kg)

Football, D1

Football, D3

Football, high school
(16-18 years)

Football, high school
(14-15 years)

Baseball, D1

Basketball, D1

Figure 8.5 Back squat one-repetition maximum (1RM) strength classifications for 
male high school and National Collegiate Athletics Association athletes: high—70th 
percentile; typical—50th percentile; low—30th percentile.
Data from (14).
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Figure 8.6 Bench press one-repetition maximum (1RM) strength classifications for 
male high school and National Collegiate Athletics Association athletes: high—70th 
percentile; typical—50th percentile; low—30th percentile.
Data from (14).

Figure 8.7 Back squat one-repetition maximum (1RM) strength classifications for 
female National Collegiate Athletics Association Division I athletes: high—70th percentile; 
typical—50th percentile; low—30th percentile.
Data from (14).
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Figure 8.8 Bench press one-repetition maximum (1RM) strength classifications for 
female National Collegiate Athletics Association Division I athletes: high—70th per-
centile; typical—50th percentile; low—30th percentile.
Data from (14).
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Figure 8.9 Descriptive (average) values for one-repetition maximum (1RM) bench 
pull strength in various populations.
Data from (15, 18, 25, 32, 37, 40).
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Figure 8.10 Leg press one-repetition maximum (1RM) strength relative to body mass 
(BM) classifications across the lifespan for men: high—70th percentile; typical—50th 
percentile; low—30th percentile.
Data from (11).
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Figure 8.11 Bench press one-repetition maximum (1RM) strength relative to body 
mass (BM) classifications across the lifespan for men: high—70th percentile; typical—
50th percentile; low—30th percentile.
Data from (11).

Figure 8.12 Leg press one-repetition maximum (1RM) strength relative to body mass 
(BM) classifications across the lifespan for women: high—70th percentile; typical—
50th percentile; low—30th percentile.
Data from (11).
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Figure 8.13 Bench press one-repetition maximum (1RM) strength relative to body 
mass (BM) classifications across the lifespan for women: high—70th percentile; 
typical—50th percentile; low—30th percentile.
Data from (11).
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MULTIPLE-REPETITION  
MAXIMUM STRENGTH TEST

Purpose
The multiple-repetition maximum (RM) strength test measures the maximal strength of the 
muscle groups engaged during several specific movements.

Outcomes
Maximum amount of weight lifted for the intended number of repetitions (absolute strength); 
estimated one-repetition maximum (1RM); maximum strength relative to body weight (rela-
tive strength)

Equipment Needed
Rack or stands; flat bench or leg press; barbell; safety locks; weight plates; spotters

Before You Begin
Follow the procedures outlined in chapter 4 to record the client’s or athlete’s body weight. 
Review the basic elements of the movement to be assessed (preferably during a familiarization 
session prior to testing) with the client or athlete and spotters as outlined in tables 8.1 through 
8.4 and figures 8.1 through 8.4. These selections should be made with consideration for the 
muscle groups used, with the leg press and back squat used to evaluate the lower body and 
the bench press and bench pull used to evaluate the upper body, and the relevant movements 
(i.e., the bench press for pushing and the bench pull for pulling). Next, determine the number 
of repetitions to be completed (preferably fewer than 10 repetitions due to a better estimation 
of “true” maximal strength; a 5-repetition maximum [5RM] will be used for this explanation).

Clear the lifting area, place the supports at the appropriate height in order to hold the bar-
bell at an easily accessible location for the client or athlete, lower the safety bars enough to 
allow for the full range of motion, and make sure that the collars are in working order. Verify 
that the selected spotters are of adequate size and strength to support the loads lifted by the 
client or athlete being evaluated. Prior to attempting the multiple-RM test, determine a phrase 
(“Take it”) or action that will signal that the client or athlete cannot complete a repetition. 
Upon hearing or seeing this signal, the spotters should grasp the barbell and assist with rerack-
ing it on the supports. A standardized general warm-up followed by three to five minutes of 
rest and recovery should be conducted prior to beginning the assessment. A specific lifting 
warm-up is built into the RM protocol.

Protocol
1. Begin the procedure by saying to the client or athlete: “We are going to measure your 

strength to perform five repetitions of an exercise. Are you ready to begin? If so, please 
get into the starting positon.”

2. Make sure to account for the weight of the unloaded barbell or sled and add a minimal 
amount of weight for the initial warm-up set.

3. Next, direct the client or athlete: “Start with a warm-up set of 8 to 10 repetitions and 
focus on using proper technique. After the first warm-up set, you will rest for one 
minute.”

4. After one minute of rest:

• Add an additional 5 to 10 pounds (2.3 to 5 kg) for bench press or bench pull.

• Add an additional 15 to 20 pounds (7 to 9 kg) for back squat or leg press.
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5. Continue: “Now complete another warm-up set of six to eight repetitions with proper 
technique and then rest for a few minutes.”

6. After two to four minutes of rest:

• Add an additional 5 to 10 pounds (2.3 to 5 kg) for bench press or bench pull.

• Add an additional 15 to 20 pounds (7 to 9 kg) for back squat or leg press.

7. Tell the client or athlete: “Now attempt to complete five repetitions with proper tech-
nique. After your set, you will rest for a few minutes. Depending on your performance, 
we will add or remove some weight and try again.”

8. After two to four minutes of rest:

• If the previous bench press or bench pull attempt was successful, add an additional 
5 to 10 pounds (2.3 to 5 kg).

• If the previous back squat or leg press attempt was successful, add an additional 15 
to 20 pounds (7 to 9 kg).

• If the previous bench press or bench pull attempt was unsuccessful, remove 2.5 to 
5 pounds (1 to 2.3 kg).

• If the previous back squat or leg press attempt was unsuccessful, remove 5 to 10 
pounds (2.3 to 5 kg).

9. Continue attempts (repeat from step 7) until a 5RM value can be identified, preferably 
within three to five sets. Note: The load increases during multiple RM testing can be 
larger for more experienced or stronger clients or athletes and potentially lower for those 
with less experience or baseline strength.

Alternatives or Modifications
Multiple RM tests evaluating between five-repetition maximum (5RM) and 10-repetition maxi-
mum (10RM) strength are recommended due to being more closely related to one-repetition 
maximum (1RM) strength and less influenced by muscular endurance. For those individuals 
with a higher level of experience, a three-repetition maximum (3RM) may also be appropriate.

After You Finish
The greatest amount of weight lifted with good technique for the intended number of rep-
etitions is the final result. In an effort to account for the size differences between clients or 
athletes, relative strength can be calculated by dividing the RM test result by body weight.

While the results of the RM test can be simply recorded and used to track change or make 
comparisons, coaches or fitness professionals can use the number of repetitions completed 
and the load lifted to estimate the client’s or athlete’s 1RM with one of the following formulas.

General 10RM or less; in pounds (6)

Here is an example for a client or athlete with a 5RM of 145 pounds.

=
− ×

Predicted 1RM (lb) xRM
[1.0278 (reps to fatigue  0.0278)]

=
− ×

=
−

= =Predicted 1RM (lb) 145 lb
[1.0278 (5 reps 0.0278)]

145 lb
[1.0278 (0.139)]

145 lb
[0.8888)]

163.1 lb
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Bench press or back squat 10RM or less; in kilograms (42)

Note that e is a mathematical term that is roughly equal to 2.71828

Here is an example for a client or athlete with a 10RM of 75 kilograms.

Leg press 5RM; in kilograms (30)

Predicted 1RM (kg) = (1.09703 × 5RM) + 14.2546

Here is an example for a client or athlete with a 5RM of 100 kilograms.

Predicted 1RM (kg) = (1.09703 × 100 kg) + 14.2546

= (109.703) + 14.2546 = 124.0 kg

The calculation of the predicted 1RM can also be facilitated by using the conversion 
nomograms provided in figure 8.14. There are inherent limitations to predicting 1RM values, 
including considerations for the equipment used, number of repetitions performed, age, sex, 
and training status; however, this conversion may provide the ability to compare the results 
to published normative data and to set training loads as percentages of estimated maximum 
strength. Coaches or fitness professionals may also simply elect to use results from a 3RM 
strength test for training prescription and other comparisons.

Research Notes
Maximal strength may have a direct or indirect relationship with sports performance. Interest-
ingly, bench press and back squat 3RM strength has been shown to be more highly correlated 
with tackling ability in rugby athletes than measures of upper- and lower-body power output 
(35). The same researchers demonstrated that rugby athletes with the greatest 3RM strength 
improvements following eight weeks of resistance training also had the greatest improvements 
in tackling performance (36).

Normative Data
Descriptive values for 3RM back squat, 3RM bench press, and 3RM bench pull strength in 
various populations are provided in figure 8.15 through figure 8.17.

= ×
+ × − ×e

Predicted 1RM (kg) 100 xRM
48.8 (53.8  ( )0.075 number of repetitions

= ×
+ ×

=
+ ×

=
+ ×

=
+

= =

− × −e e
Predicted 1RM (kg) 100 75 kg

48.8 (53.8 )
7,500 kg

48.8 (53.8 )]
7,500 kg

48.8 (53.8 0.472)
7,500 kg

48.8 (25.4 )
7,500 kg

74.2
101.1 kg

0.075 10 reps 0.75
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Figure 8.14 Conversion nomograms for estimating one-repetition maxi-
mum (1RM) strength from five-repetition (5RM) and 10-repetition maximum 

(10RM) bench press or back squat and 5RM leg press assessments

From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019). 
Using Wathen (42) and Reynolds (30) formulas.
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Figure 8.15 Descriptive (average) values for three-repetition maximum (3RM) back 
squat strength in various populations.
Data from (38).
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Figure 8.16 Descriptive (average) values for three-repetition maximum (3RM) bench 
press strength in various populations.
Data from (38). E7208/Fukuda/Fig 08.16/607685/TB/R2
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Figure 8.17 Descriptive (average) values for three-repetition maximum (3RM) bench 
pull strength in various populations.
Data from (38, 40).
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MAXIMAL HANDGRIP STRENGTH TEST

Purpose
The maximal handgrip strength test measures static strength of the forearm muscles.

Outcomes
Maximum static strength, in kilograms or pounds, generated during gripping

Equipment Needed
Handgrip strength measuring device (or handgrip dynamometer)

Before You Begin
Follow the procedures outlined in chapter 4 to record the client’s or athlete’s body weight in 
kilograms or pounds. Adjust the handle of the measuring device so that the middle portion 
of the athlete or client’s middle finger is at a right angle (90°) and record the appropriate set-
tings for both hands. A standardized warm-up followed by three to five minutes of rest and 
recovery should be conducted prior to beginning the assessment.

Protocol
1. Begin the procedure by saying to the client or athlete: “We are going to measure your 

grip strength. Are you ready to begin? If so, please stand with your feet parallel and 
shoulder-width apart with your arms at your sides, and grip the measuring device with 
one hand.”

2. Verify that the measuring device reads zero and 
say: “Keep your arm at your side with your palm 
facing toward your thigh” (see figure 8.18).

3. Next, explain: “When I say ‘Squeeze,’ breathe 
out while gripping the measuring device as hard 
as possible until I say ‘Relax’ to complete the 
test.”

4. Verbally signal to the client or athlete, “Squeeze, 
squeeze, squeeze, and relax,” while verifying 
that he or she remains stationary.

5. Record the greatest strength value achieved from 
the measuring device and say: “Repeat the same 
procedure with your opposite hand,” prior to 
making two or three more attempts with each 
hand separated by approximately one minute of 
rest and recovery.

Alternatives or Modifications
The maximal handgrip strength test can also be per-
formed with the elbow bent at a right angle (90°) in a 
standing or seated position; however, lower strength 
values should be expected compared to when the 
measuring device is held with the arm straight and 
next to the thigh.

Figure 8.18 Setup for the maximal 
handgrip strength test with arm 
straight and measuring device held 
next to the thigh.
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After You Finish
The greatest strength value achieved with either hand is the final result. In an effort to account 
for size differences between clients or athletes, relative strength can be calculated by dividing 
the maximal handgrip strength test result by body weight.

The sum (right + left) or average [(right + left)/2] of values from both hands can also be 
calculated, and coaches or fitness professionals may choose to make side-to-side comparisons 
of maximal handgrip strength.

Research Notes
Maximal handgrip strength has been shown to be a general measure of overall strength (44) 
and has wide relevance to the evaluation of children and older adults as well as certain sporting 
environments. For example, handgrip strength is related to freestyle swimming performance 
and implement velocity in a number of sports, including tennis, hockey, golf, baseball, and 
softball (9).

Normative Data
Maximal handgrip strength classification values are provided for boys in figure 8.19, girls in 
figure 8.20, adult men in figure 8.21, and adult women in figure 8.22. Maximal handgrip 
strength values relative to body mass for the same group are provided in figure 8.23 through 
figure 8.26.
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Figure 8.19 Maximal handgrip strength classifications in boys: high—75th percentile; 
typical—50th percentile; low—25th percentile.
Data from (26).
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Figure 8.20 Maximal handgrip strength classifications in girls: high—75th percentile; 
typical—50th percentile; low—25th percentile.
Data from (26).
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Figure 8.21 Maximal handgrip strength classifications in men: high—75th percentile; 
typical—50th percentile; low—25th percentile.
Data from (26).
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Figure 8.22 Maximal handgrip strength classifications in women: high—75th per-
centile; typical—50th percentile; low—25th percentile.
Data from (26).

Figure 8.23 Maximal handgrip (HG) strength classifications relative to body mass 
(BM) in boys: high—75th percentile; typical—50th percentile; low—25th percentile.
Data from (26).
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Figure 8.24 Maximal handgrip (HG) strength classifications relative to body mass 
(BM) in girls: high—75th percentile; typical—50th percentile; low—25th percentile.
Data from (26).
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Figure 8.25 Maximal handgrip (HG) strength classifications relative to body mass 
(BM) in men: high—75th percentile; typical—50th percentile; low—25th percentile.
Data from (26).
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Figure 8.26 Maximal handgrip (HG) strength classifications relative to body mass 
(BM) in women: high—75th percentile; typical—50th percentile; low—25th percentile.
Data from (26).
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STATIC MUSCULAR ENDURANCE TESTS

Purpose
Static muscular endurance tests measure the ability of specific muscle groups to maintain the 
body in the required position for an extended period of time.

Outcomes
Accumulated time, in seconds, until the client or athlete is unable to hold the required position

Equipment Needed
Stopwatch or timing device; pull-up bar and spotter for the flexed/bent arm hang test

Before You Begin
A standardized warm-up should be conducted prior to beginning the assessment.

Protocol
1. Begin the procedure by saying to the client or athlete: “We are going to measure how 

long you can hold your body in certain positions. Are you ready to begin?”

2. Next, select and describe the required position from one of the following scripts:

• Plank (or prone bridge): “Please lie face-down on the ground. When I say ‘Begin,’ 
get into a plank position with your body propped up by just your elbows and fore-
arms and your toes. Your elbows should be shoulder-width apart, your feet should 
be close but not touching, and keep your legs, trunk, and neck in a straight line. I 
will tell you if you begin to get out of position and the test will end if you cannot 
correct your position after two warnings” (see figure 8.27).

• Half-squat (or wall-sit): “Stand with your feet parallel and shoulder-width apart 
and place the back of your head flat against the wall. Squat down and adjust your 
body to be in a sitting, half-squat position with your ankles, knees, and hips at 
right angles (90°). Allow your arms to hang down at your sides and keep the back 
of your shoulders and arms (down to the palms of your hands) in contact with the 
wall. After you are in the correct the position, I will say ‘Begin’ and start the test” 
(see figure 8.28).

• Flexed-arm hang (or bent-arm hang): “With the assistance of a spotter to lift you up 
to the bar, reach up and grasp the bar with both hands wider than your shoulders 
a comfortable distance apart with your palms facing forward and thumbs wrapped 
around the bar. Pull your body high enough so that your chin is above the bar and 
then hold that position. After you are motionless, the spotter will step back and I 
will say ‘Begin’ and start the test” (see figure 8.29).

3. Say to the client or athlete: “Please continue breathing normally throughout the test 
and maintain this position for as long as possible.”

4. Verbally signal the client or athlete “Begin,” and record the time until the client or athlete 
can no longer maintain the required position.
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Alternatives or Modifications
The lumbar stability tests as described in chapter 5 are also assessments of static muscular 
endurance. Endurance time during the flexed-arm hang test has also been recorded until the 
client or athlete can no longer hold the elbow joint at a specific angle (i.e., 90°).

After You Finish
The length of time the client or athlete is able to hold the required position is the final result.

Research Notes
The relevance for static muscular endurance varies depending on the sport or activity of 
interest. Elite standup paddle boarders (approximately 184 seconds) demonstrate greater 
plank endurance time than recreational boarders (approximately 96 seconds) and seden-
tary individuals (approximately 88 seconds) (33), while plank and half-squat endurance  

Figure 8.27 Prone bridge (or plank).

Figure 8.28 Half-squat (or wall-sit). Figure 8.29 Flexed-arm hang (or 
bent-arm hang).
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reportedly correlates to the time needed to complete the pack hike test (3 miles [4.83 km] while 
wearing a 45-pound [20.4 kg] weight vest) in firefighters (27). Half-squat endurance may be 
predictive of injury in collegiate American football players with a cutoff value of less than 88 
seconds differentiating between athletes who became injured and those who did not (43). As 
might be expected, more experienced climbers perform better during the flexed-arm hang 
test compared to their less experienced counterparts (3). Interestingly, military personnel with 
increasing numbers of health risk factors also show decreasing flexed-arm hang endurance 
values (approximately 60 seconds for those with no risk factors compared to approximately 
28 seconds in those with three risk factors) (20).

Normative Data
Static muscular endurance classification values are provided for the plank in figure 8.30, flexed-
arm hang for boys in figure 8.31, flexed-arm hang for girls in figure 8.32, half-squat for adult 
men in figure 8.33, and half-squat for adult women in figure 8.34.
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Figure 8.30 Plank endurance time in adult men and women: high—70th percentile; 
typical—50th percentile; low—30th percentile.
Data from (37a).

Figure 8.31 Flexed-arm hang classifications in boys: high—70th percentile; typical—
50th percentile; low—30th percentile.
Data from (39). E7208/Fukuda/Fig 08.33a/607701/TB/R1
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Figure 8.32 Flexed-arm hang classifications in girls: high—70th percentile; typical—
50th percentile; low—30th percentile.
Data from (39).
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Figure 8.33 Half-squat endurance time classifications for men: high—75th percentile; 
typical—50th percentile; low—25th percentile.
Data from (22).
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Figure 8.34 Half-squat endurance time classifications for women: high—75th percentile; 
typical—50th percentile; low—25th percentile.
Data from (22). E7208/Fukuda/Fig 08.34/607704/TB/R2
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DYNAMIC MUSCULAR ENDURANCE TESTS

Purpose
Dynamic muscular endurance tests measure the ability of specific muscle groups to perform 
repetitive movements for an extended period of time.

Outcomes
Number of repetitions that the client or athlete is able to complete while maintaining the 
required movement pattern or within a given time period

Equipment Needed
Stopwatch or timing device; metronome, measuring tape, and adhesive tape for the curl-up 
test; pull-up bar for the pull-up test

Before You Begin
Determine the required movement pattern and if the repetitions will be counted over a given 
time period (typically between 30 sec and 2 min) or until there is a breakdown in form and 
technique. For the partial curl-up test, place two strips of adhesive tape parallel to each other 
on the floor separated by 10 centimeters (4 in.) and set a metronome to 40 beats per minute 
for a pace of 20 repetitions per minute (see figure 8.35).

Protocol
1. Begin the procedure by saying to the client or athlete: “We are going to measure how 

many times you can complete certain movement patterns. Are you ready to begin?”

2. Next, select and describe the required position from one of the following scripts:

• Partial curl-ups: “Lie flat on your back with your arms directly at your side. Adjust 
your body so that your fingers are touching the first of the two strips of adhesive 
tape on the floor and your feet so that your knees are at a right angle (90°). Keep 
your feet on the ground and close together but not touching. When I say ‘Begin,’ 
curl your trunk and back up so that your fingers will move from the starting posi-
tion along the floor to the second strip of tape. Slowly uncurl your torso so that 
your fingers return to the starting position and continue to go back and forth so 
that the strip of tape is reached with each of the audible beeps provided by the 
metronome” (see figure 8.35).

• Push-ups: “Lie flat on the ground with your chest facing downward and your ____ 
(feet typically for men; knees typically for women) next to each other. Then place 
the palms of your hands on the ground just wider than your shoulders. Next, push 
your body up until just your hands and ____ (toes typically for men; knees typically 
for women) are touching the ground to assume the starting positions. When I say 
‘Begin,’ bend your elbows until your upper arms are parallel to the ground and 
then return to the starting position while keeping your legs, trunk, and neck in a 
straight line” (see figure 8.36 for men and figure 8.37 for women).

• Squats: “In a standing position with your feet parallel and shoulder-width apart, 
place your hands behind your head or cross your arms against your chest. When I 
say ‘Begin,’ bend your knees and hips to lower your body into a half-squat sitting 
position with your ankles, knees, and hips at right angles (90°). Keep your back 
straight and your eyes facing forward throughout the movement. Once your thighs 
are parallel to the ground, stop the downward movement and extend your knees 
and hips to stand back up to the starting position” (see figure 8.38).
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• Pull-ups: “Reach up and grasp the bar a comfortable distance outside your shoulders 
with both hands so that your palms are facing forward and thumbs are wrapped 
around the bar. While maintaining your grip, let your body hang down with your 
elbows fully extended. When I say ‘Begin,’ pull your body up to the bar until your 
chin is above the bar and then lower back down to the starting position. Continue 
this up-and-down movement and minimize excessive motion or swinging of your 
body” (see figure 8.39).

3. Say: “Please continue breathing normally throughout the test and complete as many 
repetitions as possible while maintaining the required movement pattern (or until the 
test ends).”

4. Verbally signal the client or athlete “Begin,” and record the number of full repetitions 
that are completed with good technique or until the predetermined time has elapsed.

Figure 8.35 Partial curl-up.

Figure 8.36 Push-up.

Figure 8.37 Modified push-up.
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Figure 8.38 Squat.

Figure 8.39 Pull-up.
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Alternatives or Modifications
The verification of an appropriate push-up varies between protocols, including the client’s or 
athlete’s chest making contact with the evaluator’s fist or a relatively soft object approximately 
7 centimeters (3 in.) high for each repetition, or the client’s or athlete’s chin making contact 
with the ground.

A common alternative for evaluating the muscular endurance of the abdominal muscles 
is to use bent-knee sit-ups with the same position of the lower body as partial curl-ups but 
with the hands placed behind the head or the arms placed across the chest instead. In these 
versions, a partner typically anchors the feet and the repetitions are counted when the elbows 
make contact with the thighs (see figure 8.40).

Figure 8.40 Bent-knee sit-up.

Many clients or athletes may have difficulty completing a single pull-up (which would make 
the test one that measures muscular strength instead of endurance), so a modified pull-up 
may be used. The modified pull-up uses a bar placed 2.5 to 5 centimeters (1 to 2 in.) above 
the client’s or athlete’s outstretched arms and fingers while lying flat on the back. The tested 
movement requires the client or athlete to support his or her body weight with the heels while 
holding the bar and pulling his or her body from a position roughly parallel to the floor until 
the chest makes contact with an elastic band placed 18 to 20 centimeters (7 to 8 in.) below 
the bar (see figure 8.41).

Figure 8.41 Modified pull-up.
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An appropriately sized chair or plyometric box may be used as a reference (and an extra 
safety precaution) during the squat test. The chair or box should be less than the height of 
the bottom of the client’s or athlete’s thighs at the bottom of the squat when they are paral-
lel to the ground (10 to 20 in. [25-50 cm] with 0.5-in. [1.3 cm] mats available to make slight 
adjustments). The squat test for muscular endurance can involve counting the number of 
repetitions completed before there is a breakdown in the required technique or the number 
of repetitions completed within a specific time period (e.g., 1 or 2 min).

After You Finish
The number of full repetitions completed for the required movement pattern is the final result.

Research Notes
Similar to static strength tests, dynamic muscular endurance is typically indicative of the muscle 
groups used by a client or athlete. For example, youth athletes engaged in martial arts and 
grappling sports were able to complete more curl-ups in 30 seconds and 60 seconds than 
those involved in team sports and nonathletes (16) because their sport routinely trains the 
trunk musculature. Testing completed during military-related training demonstrated that the 
number of push-ups completed in 60 seconds moderately correlated to upper-body maximal 
strength, while the number of squats completed in 60 seconds was more strongly related to 
aerobic capacity than lower-body maximal strength (41). Furthermore, differences in dynamic 
muscular endurance were reported between military personnel with less than one week of 
sick leave (on average, approximately 35 push-ups, 37 sit-ups, and 55 squats in 60 seconds) 
and more than one week of sick leave (on average, approximately 32 push-ups, 35 sit-ups, 
and 53 squats in 60 seconds) (19).

Normative Data
Push-up classification values are provided for boys in figure 8.42, for girls in figure 8.43, for 
adult men in figure 8.44, and for adult women in figure 8.45. Partial curl-up classification values 
are provided for men in figure 8.46 and women in figure 8.47. Bent-knee sit-up classification 
values are provided for boys (completed in 30 seconds) in figure 8.48, for girls (completed 
in 30 seconds) in figure 8.49, for boys (completed in one minute) in figure 8.50, and for girls 
(completed in one minute) in figure 8.51.

Muscular endurance classifications from the United States Navy Physical Readiness Test 
are provided for push-ups completed in two minutes for men in figure 8.52 and for women in 
figure 8.53, and for sit-ups completed in two minutes for men in figure 8.54 and for women 
in figure 8.55. Muscular endurance classifications for the number of sit-up, push-up, and 
squat repetitions completed before a breakdown in the required technique for adult men and 
women are provided in figure 8.56. Due to difficulties related to upper-body strength relative 
to body mass, limited normative data are available for the pull-up and none are included in 
this chapter. Coaches or fitness professionals are encouraged to track and maintain their own 
database of pull-up scores.
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Figure 8.42 Push-up classifications in boys (completed at a set pace of 20 repeti-
tions per minute until a breakdown in form): high—70th percentile; typical—50th 
percentile; low—30th percentile.
Data from (13).
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Figure 8.43 Push-up classifications in girls (completed at a set pace of 20 repetitions 
per minute until a breakdown in form): high—70th percentile; typical—50th percentile; 
low—30th percentile.
Data from (13).
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Figure 8.46 Partial curl-up classifications in men (with a maximum of 75 repetitions): 
high—70th percentile; typical—50th percentile; low—30th percentile.
Data from (1).

Figure 8.45 Push-up classifications in adult women: high—75th percentile; typical—
50th percentile; low—25th percentile.
Data from (24).

E7208/Fukuda/Fig 08.43b/607722/TB/R1

Low Typical High

0 8 16 24 324 12 20 28 36 40

Push-ups (repetitions)

>60

50-59

40-49

30-39

20-29

A
g

e 
ra

n
g

e 
(y

ea
rs

)

Figure 8.44 Push-up classifications in adult men: high—75th percentile; typical—
50th percentile; low—25th percentile.
Data from (24).
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Figure 8.47 Partial curl-up classifications in women (with a maximum of 75 repeti-
tions): high—70th percentile; typical—50th percentile; low—30th percentile.
Data from (1).

Figure 8.48 Sit-up classifications in boys (full repetitions completed in 30 seconds; 
hands held behind head with partner holding feet): high—70th percentile; typical—
50th percentile; low—30th percentile.
Data from (39).
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Figure 8.49 Sit-up classifications in girls (full repetitions completed in 30 seconds; 
hands held behind head with partner holding feet): high—70th percentile; typical—
50th percentile; low—30th percentile.
Data from (39).

Figure 8.50 Sit-up classifications in boys (full repetitions completed in one minute; 
arms across chest with partner holding feet): high—70th percentile; typical—50th 
percentile; low—30th percentile.
Data from (13).
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Figure 8.51 Sit-up classifications in girls (full repetitions completed in one minute; 
arms across chest with partner holding feet): high—70th percentile; typical—50th 
percentile; low—30th percentile.
Data from (13).

Figure 8.52 Navy Physical Readiness Test push-up classifications in men (full repeti-
tions completed in two minutes): high—80th percentile; typical—50th percentile; 
low—20th percentile.
Data from (12).
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Figure 8.53 Navy Physical Readiness Test push-up classifications in women (full rep-
etitions completed in two minutes): high—80th percentile; typical—50th percentile; 
low—20th percentile.
Data from (12).
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Figure 8.54 Navy Physical Readiness Test sit-up classifications in men (full repetitions 
completed in two minutes; arms across chest with partner holding feet): high—80th 
percentile; typical—50th percentile; low—20th percentile.
Data from (12).

E7208/Fukuda/Fig 08.54/607731/TB/R3

Low Typical High

20 25 30 35 40 45 50 55 60 65 70 75 80

Sit-ups in 2 minutes (repetitions)

>50

40-49

30-39

20-29

17-19A
g

e 
ra

n
g

e 
(y

ea
rs

)



203

Figure 8.55 Navy Physical Readiness Test sit-up classifications in women (full repeti-
tions completed in two minutes; arms across chest with partner holding feet): high—
80th percentile; typical—50th percentile; low—20th percentile.
Data from (12).
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Figure 8.56 Sit-up, push-up, and squat performance in adults (number completed 
before a breakdown in form): high—75th percentile; typical—50th percentile; low—
25th percentile.
Data from (4).
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YMCA BENCH PRESS TEST

Purpose
The YMCA bench press test measures upper-body muscular endurance.

Outcomes
Maximum number of repetitions completed; estimated one-repetition maximum strength

Equipment Needed
Rack or stands; flat bench; barbell; safety locks; weight plates; spotter; metronome

Before You Begin
Review the basic elements of the bench press (preferably during a familiarization session prior 
to testing) with the client or athlete and spotter as outlined in table 8.3 and figure 8.3. A stan-
dardized warm-up should be conducted prior to beginning the assessment. Load a barbell to 
a total of 80 pounds (36.3 kg) for men or 35 pounds (15.9 kg) for women. Set a metronome 
to 60 beats per minute for a pace of 30 repetitions per minute.

Protocol
1. Begin the procedure by saying the following to the client or athlete: “We are going to 

measure your upper-body muscular endurance during the bench press. Are you ready to 
begin? If so, please get into the starting position for the bench press” (see figure 8.57).

2. Direct the client or athlete “Remove the barbell from the rack and begin performing 
repetitions in a smooth, controlled manner with the highest and lowest points of the 
movements in cadence with an audible beep of the metronome.”

3. Next, request that he or she: “Please continue breathing normally throughout the test 
and complete as many bench press repetitions as possible while maintaining good tech-
nique and keeping up with 30 repetitions per minute.” The spotter must be prepared 
to assist the client or athlete upon completion of the test.

4. Record the number of full repetitions that the client or athlete completes with good 
technique or until the pace set by the metronome can no longer be maintained.

Figure 8.57 YMCA bench press test.

a b c



Muscular Strength and Endurance 205

Alternatives or Modifications
An alternative to the YMCA bench press test for male athletes uses a standardized weight 
of 132 pounds (60 kg) without a set pace (i.e., no metronome) (2). This version of the test is 
complete when the athlete or client can no longer maintain good technique or requires a rest 
(pause) between repetitions.

After You Finish
The number of repetitions completed throughout the test is the final result. The coach or fit-
ness professional may also wish to estimate the client’s or athlete’s one-repetition maximum 
(1RM) bench press strength from this result using the following formulas (17):

Men; in kilograms

Predicted 1RM (kg) = (1.55 × bench press repetitions) + 37.9

Women; in kilograms

Predicted 1RM (kg) = (0.31 × bench press repetitions) + 19.2

The calculation of 1RM strength can also be facilitated by use of the conversion nomograms 
provided in figure 8.58.

Research Notes
Muscular endurance typically declines following childbirth; however, a 12-week, 3-sessions-
per-week exercise training program combining low-impact aerobic training, resistance training, 
and stretching has been shown to improve YMCA bench press test performance in women 4 
to 6 weeks postpartum with no adverse effects on lactation (45).

The alternative version that uses a 132-pound (60 kg) load demonstrated differences in the 
number of repetitions completed between professional rugby league players (approximately 
33 repetitions) and those in a lower-tier competitive division (approximately 24 repetitions), 
while results from the test were related to 1RM bench press strength and the individual ath-
lete’s competitive level (2).

Normative Data
YMCA bench press test classification values are provided for men in figure 8.59 and for women 
in figure 8.60.
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Figure 8.58 Conversion nomograms for estimating one-repetition maximum (1RM) 
strength from the number of repetitions completed during the YMCA bench press test.

From D. Fukuda, Assessments for Sport and Athletic Performance. (Champaign, IL: Human Kinetics, 2019). 
Using Kim (17) formulas. E7208/Fukuda/Fig 08.58/607736/TB/R3

60

55

50

45

40

35

30

25

20

15

10

5

1

130

125

120

115

110

105

100

95

90

85

80

75

70

65

60

55

50

45

40

N
u

m
b

er
 o

f 
re

p
et

it
io

n
s

E
st

im
at

ed
 1

R
M

 (
kg

)

Men

60

55

50

45

40

35

30

25

20

15

10

5

1

38

37

36

35

34

33

32

31

30

29

28

27

26

25

24

23

22

21

20

N
u

m
b

er
 o

f 
re

p
et

it
io

n
s

E
st

im
at

ed
 1

R
M

 (
kg

)

Women

60

55

50

45

40

35

30

25

20

15

10

5

1

290

80

90

100

120

130

140

150

160

170

180

190

200

210

220

230

240

250

260

270

280

N
u

m
b

er
 o

f 
re

p
et

it
io

n
s

E
st

im
at

ed
 1

R
M

 (
lb

)

Men

60

55

50

45

40

35

30

25

20

15

10

5

1

82.5

80

77.5

75

72.5

70

67.5

65

62.5

60

57.5

55

52.5

50

47.5

45

42.5

N
u

m
b

er
 o

f 
re

p
et

it
io

n
s

E
st

im
at

ed
 1

R
M

 (
lb

)

Women

Date:

Name:



207

Figure 8.59 YMCA bench press test repetitions across the lifespan in men: high—
70th percentile; typical—50th percentile; low—30th percentile.
Data from (21).
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Figure 8.60 YMCA bench press test repetitions across the lifespan in women: high—
70th percentile; typical—50th percentile; low—30th percentile.
Data from (21).
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Although cardiorespiratory fitness provides a 
general indication of health and the ability of 

the heart, lungs, and muscles to use oxygen, it is 
also related to an individual’s aerobic endurance 
performance and the ability to recover after a 
bout of high-intensity exercise. The typical gold 
standard or criterion measure for cardiorespira-
tory fitness is maximal aerobic capacity (also 
called maximal oxygen uptake or V

.
O

2
max) that 

is measured using gas-exchange analysis. That 
type of assessment requires expensive equipment, 
working knowledge of the cardiovascular system 
by the evaluator, and maximal exertion by the 
client or athlete in a controlled environment such 
as a research laboratory or hospital. Fortunately, 
there are maximal and submaximal field tests that 
are based on the relationship between exercise 
intensity and the body’s response to physical 
exertion (e.g., exercise heart rate).

Maximal cardiorespiratory fitness tests evaluate 
exercise performance with increasing intensities 
up to a maximal effort and, therefore, are suited 
for active, healthy individuals. Submaximal tests 
are based on heart rate responses to steady-state 
aerobic exercise that is monitored by asking the 

Cardiorespiratory Fitness

“If we have data, let’s look at data. If all we have are opinions, let’s go with mine.”

Jim Barksdale, former Netscape CEO

athlete or client to maintain a certain intensity 
(e.g., a walking or running pace).

The selection of a specific cardiorespiratory 
fitness test is based on the type of activity the 
athlete or client will do in the subsequent training 
program, the length of the test (with longer 
durations or distances giving a better indicator of 
aerobic endurance), whether the test is continu-
ous or intermittent, and the training status of the 
person being tested. The assessments covered in 
this chapter are as follows:

� 20-meter multi-stage shuttle run (or PACER 
or beep test) (31, 55, 59)

� Yo-Yo intermittent recovery test (6, 59)
� Distance-based walk and run tests (19, 21)
� Time-based walk or run tests (12-minute

test) (19, 21)
� Submaximal step test (or Queens College or 

YMCA step test) (20, 21)
� Submaximal rowing ergometer test (21)
� 45-second squat test (or Ruffier-Dickson

test) (51)

TWENTY-METER MULTI-

CHAPTER 9
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20-METER MULTI-STAGE SHUTTLE RUN

Purpose
The 20-meter multi-stage shuttle run (or PACER or beep test) provides a running-based measure 
of cardiorespiratory fitness using a continuous change-of-direction protocol with increasing 
intensity leading to maximal effort.

Outcomes
Final stage and number of 20-meter shuttles completed; distance covered; estimated maximal 
aerobic capacity

Equipment Needed
Two cones or markers, adhesive tape, or field paint; measuring tape; mobile app or prere-
corded audio file (various options available online); device to play the audio file; audio system 
or speakers

Before You Begin
Draw two lines or place two cones or markers 20 meters (65.6 ft) apart, with one line or cone 
designated as the start line and the other as the turn line (see figure 9.1). A data collection 
sheet for a commonly used version of the 20-meter multi-stage shuttle run is provided in 
table 9.1 (see the “Alternatives or Modifications” section for additional options); however, 
coaches or fitness professionals should take care to verify the specific protocol for the audio 
recording, software, or app.

A standardized warm-up followed by three to five minutes of rest and recovery should be 
conducted prior to beginning the assessment.

E7208/Fukuda/Fig 09.01/607739/TB/R1

65.6 ft

20 m

S
tart

T
urn

Figure 9.1 Setup for the 20-meter multi-stage shuttle run.

Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure how 

long you can continue jogging, running, and eventually sprinting laps between the 
cones. Are you ready to begin? If so, please stand behind the start line.”

2. Next, explain to the athlete or client: “When the audio recording indicates the start of 
the test, jog forward to the turn line, aiming to arrive in time with the first beep, then 
turn back and jog in the opposite direction to the start line in time with the next beep. 
As the test progresses past seven laps, the beeps will come closer together so you will 
have to run faster to make it to the lines in time. For a lap to count, you will need to 
step at least one foot on or over the lines. Continue going back and forth until you 
cannot reach the opposite line in time with the beep two times in a row. If that hap-
pens, the test is over.”
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3. An evaluator will be positioned at each line, marker, or cone. The evaluators will verify 
that at least one of the athlete’s or client’s feet has reached the line in time with the beep 
and give a verbal warning if unable to do so. A tally system or counting device should be 
used to accurately count the number of laps completed. If the athlete or client does not 
reach the next line in time with the beep, the test is finished and the final stage completed 
and total number of laps completed (including the last two attempts) are recorded.

Table 9.1 Data Collection Sheet for the 20-meter Multi-stage Shuttle Run

Stage
Speed 
(kph)

Pace
(min/km)

Speed 
(mph)

Pace
(min/mi)

Time per
20-meter lap(s)

Number of
20-meter laps

Stage 
completed?

Laps 
completed

S1 8.5 7.1 5.3 11.3 8.5  _____ / 7

S2 9 6.7 5.6 10.7 8.0  _____ / 8

S3 9.5 6.3 5.9 10.2 7.6  _____ / 8

S4 10 6.0 6.2 9.7 7.2  _____ / 9

S5 10.5 5.7 6.5 9.2 6.9 _____ / 9

S6 11 5.5 6.8 8.8 6.5  _____ / 10

S7 11.5 5.2 7.1 8.5 6.3  _____ / 10

S8 12 5.0 7.5 8.0 6.0  _____ / 11

S9 12.5 4.8 7.8 7.7 5.8  _____ / 11

S10 13 4.6 8.1 7.4 5.5  _____ / 11

S11 13.5 4.4 8.4 7.1 5.3 _____ / 12

S12 14 4.3 8.7 6.9 5.1  _____ / 12

S13 14.5 4.1 9.0 6.7 5.0  _____ / 13

S14 15 4.0 9.3 6.5 4.8  _____ / 13

S15 15.5 3.9 9.6 6.3 4.6  _____ / 13

S16 16 3.8 9.9 6.1 4.5  _____ / 14

S17 16.5 3.6 10.3 5.8 4.4  _____ / 14

S18 17 3.5 10.6 5.7 4.2  _____ / 15

S19 17.5 3.4 10.9 5.5 4.1  _____ / 15

S20 18 3.3 11.2 5.4 4.0  _____ / 16

S21 18.5 3.2 11.5 5.2 3.9  _____/ 16

Total laps

From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 2 3 4 5 6 7 8 9 10 11 12 13

1 2 3 4 5 6 7 8 9 10 11 12 13

1 2 3 4 5 6 7 8 9 10 11 12 13

1 2 3 4 5 6 7 8 9 10 11 12

1 2 3 4 5 6 7 8 9 10 11 12

1 2 3 4 5 6 7 8 9 10 11

1 2 3 4 5 6 7 8 9 10 11

1 2 3 4 5 6 7 8 9 10 11

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
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Alternatives or Modifications
The 20-meter multi-stage shuttle run can be used to assess small groups of athletes or clients 
in a single session. This approach requires enough space between those being tested (i.e., at 
least 2 m [6.6 ft]) and additional evaluators to record the final results. If the measurement of 
maximal heart rate is desired, the coach or fitness professional should measure the athlete’s or 
client’s heart rate immediately after completing the test using one of the methods described 
in chapter 10.

Various versions of the 20-meter multi-stage shuttle run protocol exist with slight differences 
in the initial speed or the number of shuttles completed at a given speed in order to keep each 
stage at approximately one minute (55). For example, the first stage during the Eurofit and 
PACER tests is completed at a speed of 8 kilometers per hour (7.5 min/km) or approximately 
5 miles per hour (12 min/mi) with 9 seconds per 20-meter lap and the rest of the protocol 
being identical to the 20-meter multi-stage shuttle run protocol (55).

When the availability of space is an issue, a modified 15-meter multi-stage shuttle run with 
a greater number of laps and shuttles per stage is an option (37). However, if this version is 
used, the conversion nomogram provided in the next section will not be accurate.

After You Finish
The last completed stage and the total number of laps completed (including the final two 
attempts) are the final result. From the example data provided in table 9.2, the athlete or client 
completed stage 6 and 6 laps in stage 7 for a total of 57 laps.

The last completed stage and the athlete’s or client’s age can be used to estimate maximal 
aerobic capacity using the conversion nomogram provided in figure 9.2. If the athlete or client 
from the previous example is 14 years old, the estimated maximal aerobic capacity is 44.8 
ml/kg/min.

Research Notes
In support of its inclusion in several youth physical fitness testing batteries, results from the 
20-meter multi-stage shuttle run have been shown to be highly related to cardiorespiratory 
fitness assessed using laboratory-based maximal aerobic capacity measures (34). Cutoff 
values for boys (stage 4 for 10- to 12-year-olds, stage 5 for 13-year-olds, stage 6 for 14- to 
15-year-olds, stage 7 for 16- to 17-year-olds, stage 8 for 18-year-olds) and girls (stage 3 for 
10- to 12-year-olds and stage 4 for 13- to 18-year-olds) have been established with those 
youth failing to achieve the proposed stages having 3 to 4 times greater odds of having risk 
factors associated with metabolic syndrome (52). Interestingly, results from studies using the 
20-meter multi-stage shuttle run in adults may provide an even better indicator of cardiore-
spiratory fitness than in children (34).

Normative Data
Twenty-meter multi-stage shuttle run classification values for laps completed are provided for 
boys in figure 9.3 and for girls in figure 9.4. Twenty-meter multi-stage shuttle run classification 
values for maximal aerobic capacity are provided for boys in figure 9.5 and for girls in figure 
9.6. Descriptive values for the 20-meter multi-stage shuttle run in various athletic populations 
are provided in figure 9.7. General maximal aerobic capacity classification values are provided 
for men in figure 9.8 and for women in figure 9.9.
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Table 9.2 Example Data for the 20-meter Multi-stage Shuttle Run

Stage Speed 
(kph)

Pace
(min/km)

Speed 
(mph)

Pace
(min/mi)

Time per
20-meter lap (s)

Number of
20-meter laps

Stage 
Completed?

Laps 
Completed

S1 8.5 7.1 5.3 11.3 8.5 _____  / 7

S2 9 6.7 5.6 10.7 8.0 _____ / 8

S3 9.5 6.3 5.9 10.2 7.6 _____  / 8

S4 10 6.0 6.2 9.7 7.2 _____ / 9

S5 10.5 5.7 6.5 9.2 6.9 _____ / 9

S6 11 5.5 6.8 8.8 6.5 _____  / 10

S7 11.5 5.2 7.1 8.5 6.3 _____ / 10

S8 12 5.0 7.5 8.0 6.0 _____ / 11

S9 12.5 4.8 7.8 7.7 5.8  _____ / 11

S10 13 4.6 8.1 7.4 5.5  _____ / 11

S11 13.5 4.4 8.4 7.1 5.3  _____ / 12

S12 14 4.3 8.7 6.9 5.1  _____ / 12

S13 14.5 4.1 9.0 6.7 5.0  _____ / 13

S14 15 4.0 9.3 6.5 4.8  _____ / 13

S15 15.5 3.9 9.6 6.3 4.6  _____ / 13

S16 16 3.8 9.9 6.1 4.5  _____ / 14

S17 16.5 3.6 10.3 5.8 4.4  _____ / 14

S18 17 3.5 10.6 5.7 4.2  _____ / 15

S19 17.5 3.4 10.9 5.5 4.1  _____ / 15

S20 18 3.3 11.2 5.4 4.0  _____ / 16

S21 18.5 3.2 11.5 5.2 3.9  _____/ 16

Total laps

7

8

8

9

9

10

6

57

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 2 3 4 5 6 7 8 9 10 11 12 13

1 2 3 4 5 6 7 8 9 10 11 12 13

1 2 3 4 5 6 7 8 9 10 11 12 13

1 2 3 4 5 6 7 8 9 10 11 12

1 2 3 4 5 6 7 8 9 10 11 12

1 2 3 4 5 6 7 8 9 10 11

1 2 3 4 5 6 7 8 9 10 11

1 2 3 4 5 6 7 8 9 10 11

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
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Figure 9.2 Conversion nomogram for estimated maximal aerobic capacity using the last 
stage completed during the 20-meter multi-stage shuttle run and athlete or client age

From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019). Adapted from L.A. Léger, 
D. Mercier, C. Gadoury, and J. Lambert, “The Multistage 20 Metre Shuttle Run Test for Aerobic Fitness,” Journal of Sports Sciences 6 
(1988): 93-101. 
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Figure 9.3 Twenty-meter multi-stage shuttle run laps classifications in boys: outstanding—70th percentile; 
typical—50th percentile; suboptimal—30th percentile.
Data from (54). E7208/Fukuda/Fig 09.03/607743/TB/R2
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Figure 9.4 Twenty-meter multi-stage shuttle run laps classifications in girls: out-
standing—70th percentile; typical—50th percentile; suboptimal—30th percentile.
Data from (54).

Figure 9.5 Twenty-meter multi-stage shuttle run maximal aerobic capacity classifica-
tions in boys: outstanding—70th percentile; typical—50th percentile; suboptimal—
30th percentile.
Data from (54).
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Figure 9.6 Twenty-meter multi-stage shuttle run maximal aerobic capacity classifica-
tions in girls: outstanding—70th percentile; typical—50th percentile; suboptimal—
30th percentile.
Data from (54).

E7208/Fukuda/Fig 09.07/607768/TB/R3

Elite Australian
football (male)

State-level cricket
(male)

State-level field
hockey (female)

Recreational
(male)

80 90 100 110 12585 95 105 115 120 130 135 140

Number of 20-meter laps completed

Figure 9.7 Descriptive values for the 20-meter multi-stage shuttle run in various 
athletic populations.
Data from (61).



217

E7208/Fukuda/Fig 09.08/607769/TB/R1

Suboptimal Typical Outstanding

23 25 27 29 31 33 35 37 39 41 43 45 47 49 51

Maximal oxygen uptake (ml/kg/min)

70-79

60-69

50-59

40-49

30-39

20-29

A
g

e 
ra

n
g

e 
(y

ea
rs

)

Figure 9.8 Maximal aerobic capacity classifications in men: outstanding—75th per-
centile; typical—50th percentile; suboptimal—25th percentile.
Data from (4).

Figure 9.9 Maximal aerobic capacity classifications in women: outstanding—75th 
percentile; typical—50th percentile; suboptimal—25th percentile.
Data from (4).
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YO-YO INTERMITTENT RECOVERY TEST

Purpose
The Yo-Yo intermittent recovery tests provide a running-based measure of cardiorespiratory 
fitness using intermittent change-of-direction protocols with increasing intensity leading to 
maximal effort.

Outcomes
Number of 20-meter shuttle runs completed; distance covered; estimated maximal aerobic 
capacity

Equipment Needed
Three cones or markers, adhesive tape, or field paint; measuring tape; mobile app or prere-
corded audio file (various options available online); device to play the audio file; audio system 
or speakers

Before You Begin
Draw two lines or place two cones or markers 20 meters (65.6 ft) apart, with one line or cone 
designated as the start line and the other as the turn line (see figure 9.10). Place an additional 
cone or marker, designated as the recovery line, 5 meters (16.4 ft) past the start line (outside 
of the 20-meter distance between the start and turn lines).

The coach or fitness professional can decide between two versions of the Yo-Yo intermittent 
recovery test: level 1 (Yo-Yo IR1) or level 2 (Yo-Yo IR2). While both versions feature 10-second 
periods of active recovery between shuttles, the Yo-Yo IR1 test starts at a lower speed, and 
the Yo-Yo IR2 test increases in speed more quickly. The Yo-Yo IR2 test may be more appro-
priate for athletes who perform intermittent bouts of high-intensity exercise (i.e., most team 
sports and strength or power athletes), while the Yo-Yo IR1 test may be more appropriate for 
aerobic endurance athletes or less-trained individuals engaged in intermittent bouts of high-
intensity exercise. If an individual can complete the entire Yo-Yo IR1 test protocol, the Yo-Yo 
IR2 protocol should be used for future testing purposes. A data collection sheet for the Yo-Yo 
IR1 test is provided in table 9.3 and for the Yo-Yo IR2 test in table 9.4 (see the “Alternatives 
or Modifications” section for additional options); however, coaches or fitness professionals 
should take care to verify the specific protocol for the audio recording, software, or app. A 
standardized warm-up followed by three to five minutes of rest and recovery should be con-
ducted prior to beginning the assessment.

Figure 9.10 Set-up for the Yo-Yo intermittent recovery test.

E7208/Fukuda/Fig 09.10/607771/TB/R1
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Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure how 

long you can continue jogging, running, and eventually sprinting laps between the 
cones. You will have a 10-second recovery period after each shuttle. Are you ready to 
begin? If so, please stand behind the start line.”

2. Next, explain: “When the audio recording indicates the start of the test, jog forward 
to the turn line, aiming to arrive in time with the first beep, then turn back and jog in 
the opposite direction to the start line in time with the next beep. When you reach the 
start line, slow down until you reach the recovery line, then immediately return to the 
start line and stand still until the next beep indicates the start of the next shuttle. As 
the test progresses, the beeps will come closer together so you will have to run faster 
to make it to the lines in time. For a shuttle to count, you will need to step at least 
one foot on or over the start line. Continue going back and forth with the 10-second 
recovery periods in between shuttles until you cannot return to the start line in time 
with the beep two times in a row. If that happens, the test is over.”

3. An evaluator will be positioned at each line, marker, or cone. The evaluators will verify 
that at least one of the athlete’s or client’s feet has reached the start line in time with the 
beep and provide a warning if the athlete or client was unable to do so. A tally system 
or counting device should be used to accurately count the number of laps completed. 
If the athlete or client does not return to the start line in time with the beep, the test is 
finished and the total number of shuttles completed (including the last two incomplete 
attempts) are recorded.

4. If the measurement of maximal heart rate is desired, the coach or fitness professional 
should measure the athlete’s or client’s heart rate immediately after completing the test 
using one of the methods described in chapter 10.

Table 9.3 Data Collection Sheet for the Yo-Yo Intermittent Recovery Test Level 1 (IR1)

Stage
Speed 
(km/h)

Pace 
(min/km)

Speed 
(mph)

Pace 
(min/mi)

Time per 20 
m lap (sec)

Number of shuttles  
(2 × 20 m laps)

Shuttles 
completed

S1 10 6.0 6.2 9.7 7.20

S2 11.5 5.2 7.1 8.5 6.26

S3 13 4.6 8.1 7.4 5.54

S4 13.5 4.4 8.4 7.1 5.33

S5 14 4.3 8.7 6.9 5.14

S6 14.5 4.1 9.0 6.7 4.97

S7 15 4.0 9.3 6.5 4.80

S8 15.5 3.9 9.6 6.3 4.65

S9 16 3.8 9.9 6.1 4.50

S10 16.5 3.6 10.3 5.8 4.36

S11 17 3.5 10.6 5.7 4.24

S12 17.5 3.4 10.9 5.5 4.11

S13 18 3.3 11.2 5.4 4.00

S14 18.5 3.24 11.5 5.2 3.89

S15 19 3.16 11.8 5.1 3.79

Total shuttles  

From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019).

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4

1

1

1 2

1 2 3
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Table 9.4 Data Collection Sheet for the Yo-Yo Intermittent Recovery Test Level 2 (IR2)

Stage
Speed 
(km/h)

Pace 
(min/km)

Speed 
(mph)

Pace 
(min/mi)

Time per 20 
meter lap (sec)

Number of shuttles  
(2 × 20 meter laps)

Shuttles 
completed

S1 13 4.6 8.1 7.4 5.54

S2 15 4.0 9.3 6.5 4.80

S3 16 3.8 9.9 6.1 4.50

S4 16.5 3.6 10.3 5.8 4.36

S5 17 3.5 10.6 5.7 4.24

S6 17.5 3.4 10.9 5.5 4.11

S7 18 3.3 11.2 5.4 4.00

S8 18.5 3.2 11.5 5.2 3.89

S9 19 3.2 11.8 5.1 3.79

S10 19.5 3.1 12.1 5.0 3.69

S11 20 3.0 12.4 4.8 3.60

S12 20.5 2.93 12.7 4.7 3.51

S13 21 2.86 13.0 4.6 3.43

S14 21.5 2.8 13.4 4.5 3.35

S15 22 2.7 13.7 4.4 3.27

Total shuttles

From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019).

1

1

1 2 3 4

1 2

1 2 3

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

Alternatives or Modifications
The Yo-Yo intermittent recovery tests can be used to assess small groups of athletes or clients 
in a single session. This approach requires enough spacing between those being tested (i.e., 
at least 2 meters [6.6 ft]) and additional evaluators to record the final results. If the measure-
ment of maximal heart rate is desired, the coach or fitness professional should measure the 
athlete’s or client’s heart rate immediately after completing the test using one of the methods 
described in chapter 10.

The Yo-Yo IR1 test can be modified for children (6 to 10 years old) by decreasing the laps 
to 16 meters (52.5 ft) and the recovery distance to 4 meters (13.1 ft), which has been shown 
to allow most children to complete at least three minutes of the test (7). Submaximal versions 
of the Yo-Yo IR1 and IR2 tests are a recommended tool for athlete monitoring (see chapter 
10) (42, 57).

Aerobic endurance-based versions of these tests—Yo-Yo intermittent endurance test level 1 
(Yo-Yo IE1) and level 2 (Yo-Yo IE2)—have also been developed with the same 20-meter (65.6 
ft) shuttle distance but with a 5-second active recovery period conducted over a 2.5-meter 
(8.2 ft) distance. The Yo-Yo IE1 test (with speeds between 8 and 14.5 km/h [5 to 9 mph]) 
has been primarily used in nonelite and youth athletes (11, 58), whereas the Yo-Yo IE2 test 
(with speeds between 11.5 and 18 km/h [7 to 11.2 mph]) has been primarily used in female 
soccer athletes (10).
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After You Finish
The total number of shuttles completed (including the final two attempts) is the final result. 
The total number of shuttles can be multiplied by 40 meters per shuttle to calculate the total 
distance covered during the test.

From the example data provided in table 9.5, the athlete or client completed a total of 24 
shuttles during the Yo-Yo IR1 test for a total distance covered of 960 meters (24 shuttles × 40 
meters per shuttle). The total distance covered can also be used to estimate maximal aerobic 
capacity using the following formulas (6):

Yo-Yo IR1 test; in ml/kg/min

V
.
O

2
 max = (IR1 distance in m × 0.0084) + 36.4

Yo-Yo IR2 test; in ml/kg/min

V
.
O

2
 max = (IR2 distance in m × 0.0136) + 45.3

From the example data provided in table 9.5, the athlete or client with a total distance 
covered of 1,000 meters (25 shuttles × 40 meters per shuttle) during the Yo-Yo IR1 test has 
an estimated maximal aerobic capacity of:

V
.
O

2
 max = (1000 m × 0.0084) + 36.4 = 44.8 ml/kg/min

Or, instead of using the formulas, conversion nomograms provided in figure 9.11 can be 
used to estimate maximal aerobic capacity.

Table 9.5 Sample Data Collection Sheet for the Yo-Yo Intermittent Recovery Test Level 1 (IR1)

Stage
Speed 
(km/h)

Pace  
(min/km)

Speed 
(mph)

Pace 
(min/mi)

Time per 20-meter 
lap (sec)

Number of shuttles  
(2 × 20 meter laps)

Shuttles 
completed

S1 10 6.0 6.2 9.7 7.20 1/1

S2 11.5 5.2 7.1 8.5 6.26 1/1

S3 13 4.6 8.1 7.4 5.54 2/2

S4 13.5 4.4 8.4 7.1 5.33 3/3

S5 14 4.3 8.7 6.9 5.14 4/4

S6 14.5 4.1 9.0 6.7 4.97 8/8

S7 15 4.0 9.3 6.5 4.80 6/8

S8 15.5 3.9 9.6 6.3 4.65 _/8

S9 16 3.8 9.9 6.1 4.50 _/8

S10 16.5 3.6 10.3 5.8 4.36 _/8

S11 17 3.5 10.6 5.7 4.24 _/8

S12 17.5 3.4 10.9 5.5 4.11 _/8

S13 18 3.3 11.2 5.4 4.00 _/8

S14 18.5 3.24 11.5 5.2 3.89 _/8

S15 19 3.16 11.8 5.1 3.79 _/8

Total shuttles  25

1

1

1 2 3 4

1 2

1 2 3

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8
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Research Notes
Yo-Yo IR1 performance has shown to be related to high-intensity running by both athletes and 
referees during soccer matches (6). Twelve weeks of high-intensity interval training in soccer 
referees resulted in a 23-percent increase in high-intensity running during a match (before: 
1,690 m; after: 2,060 m), primarily in the second half, coupled with a 31-percent increase in 
the Yo-Yo IR1 distance covered (before: 1,345 m; after: 1,763 m) (26). Yo-Yo IR2 performance 
has shown to distinguish between playing positions and competitive level in soccer (28), while 
being related to the greatest distance covered while running at high intensities within a five-
minute period during a match.

In other sports, Yo-Yo IR1 performance in basketball players was reportedly related to 
decreased line drill times following a game (12), and rugby league players with higher Yo-Yo 
IR2 scores, indicating better high-intensity running ability, were less fatigued 24 hours and 48 
hours following a match compared to players with lower scores (24).

Figure 9.11 Conversion nomograms for estimating maximal aerobic 
capacity from the Yo-Yo intermittent recovery test level 1 (IR1)  

and level 2 (IR2)

From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019).
Using formulas from (6).
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Normative Data
Descriptive values for the Yo-Yo intermittent recovery test in various populations are provided 
in figure 9.12 through figure 9.16. Typical maximal aerobic capacity values for various athletes 
are provided in table 9.6.

E7208/Fukuda/Fig 09.12/607776/TB/R2
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Figure 9.12 Descriptive data for Yo-Yo intermittent recovery test level 1 (IR1) in male 
and female soccer players.
Data from (41).

Figure 9.13 Descriptive data for Yo-Yo intermittent recovery test level 2 (IR2) distance 
in elite male and collegiate female soccer players by position.
Data from (28, 32).
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Figure 9.14 Descriptive data for Yo-Yo intermittent recovery test level 2 (IR2) distance 
in elite male and female soccer players over the course of a season.
Data from (33, 40).
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E7208/Fukuda/Fig 09.15/607780/TB/R2
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Figure 9.15 Descriptive data for Yo-Yo intermittent recovery test level 1 (IR1) and 
level 2 (IR2) in various populations.
Data from (15, 23, 27, 32, 45).
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Figure 9.16 Descriptive data for Yo-Yo intermittent recovery test level 1 (IR1) distance 
in elite basketball players, subelite basketball players, and age-matched nonathletes 
(general).
Data from (56).
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Table 9.6 Typical Maximal Aerobic Capacity (V
.
O2max) Values for Various Athletes

Classification

V
.
O2max (ml/kg/min)

SportMales Females

Extremely high 70+ 60+ Cross-country skiing
Middle-distance running
Long-distance running

Very high 63-69 54-59 Bicycling
Rowing
Race walking

High 57-62 49-53 Soccer
Middle-distance swimming
Canoe racing
Handball
Racquetball
Speed skating
Figure skating
Downhill skiing
Wrestling

Above average 52-56 44-48 Basketball
Ballet dancing
American football 
(offensive/defensive backs)
Gymnastics
Hockey
Horse racing (jockey)
Sprint swimming
Tennis
Sprint running
Jumping

Average 44-51 35-43 Baseball
Softball
American football (linemen, 
quarterbacks)
Shotput
Discus throw
Olympic-style weightlifting
Bodybuilding

Reprinted by permission from M. McGuigan, “Administration, Scoring, and Interpretation of Selected Tests.” In Essentials 
of Strength Training and Conditioning, 4th ed., edited by G.G. Haff and N.T. Triplett for the National Strength and 
Conditioning Association (Champaign, IL: Human Kinetics, 2016), 308.
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DISTANCE-BASED WALK AND RUN TESTS

Purpose
Distance-based walk and run tests provide measures of cardiorespiratory fitness using con-
tinuous fixed-distance protocols.

Outcomes
Time, in seconds, needed to cover the intended distance; estimated maximal aerobic capacity

Equipment Needed
Track or measured course; cones or markers; measuring tape; stopwatch or timing device

Before You Begin
Place the markers the selected distance apart (1.5 miles [2.4 km] will be used for this explana-
tion), clearly designating a measured course and a starting line. If a 400-meter (437.5 yd) track 
is used instead of a 440-yard track (see figure 9.17), remember to account for the 2.3-meter 
(2.5 yd) difference for each lap to be completed. For example, the 1.5-mile run/walk requires 
the athlete or client to complete 6 full laps on a 440 yd track, or 6 full laps and an additional 
13.8 meters (2.3 meters × 6 laps) on a 400-meter (437.5 yd) track.

A standardized warm-up followed by three to five minutes of rest and recovery should be 
conducted prior to beginning the assessment.

Figure 9.17 A 400-meter (437.5 yd) track.

Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure how 

quickly you can run or walk 1.5 miles (2.4 km). Are you ready to begin? If so, please 
stand behind the starting line.”

2. Next, explain: “When I say ‘Go,’ run (or walk or jog as needed) as fast as possible to 
complete the test.”

3. Verbally signal the athlete or client “3, 2, 1, go,” and record how much time is required, 
to the nearest second, to cover the intended distance. A tally system or counting device 
should be used to accurately count the number of laps completed.

E7208/Fukuda/Fig 09.17/607783/TB/R2
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Alternatives or Modifications
For the 1-mile (1.6 km) Rockport walk test, a 15-second pulse count is taken after completing 
the distance. That number, along with the athlete’s or client’s age, sex, and body weight, are 
used to estimate maximal aerobic capacity.

After You Finish
The time required to cover the selected distance is the final result. To determine time in minutes 
from seconds, divide the number of seconds by 60. The following distance-specific formulas 
can be used to estimate maximal aerobic capacity (V

.
O2max; in ml/kg/min):

One-mile (1.6 km) run/walk formulas; developed using 18- to 25-year-olds (14):

Males

V
.
O

2
max = (-9.06 × time in min) + (0.38 × (time in min)2 ) + 98.49

Females

V
.
O

2
max = (-6.04 × time in min) + (0.22 × (time in min)2 ) + 82.2

As an example, a woman who takes 9 minutes (540 seconds divided by 60) to cover 1 mile 
(1.6 km) has an estimated maximal aerobic capacity of:

V
.
O

2
max = (-6.04 × 9 min) + (0.22 × (9 min)2 ) + 82.2

V
.
O

2
max = -54.36 + (0.22 × 81) + 82.2

V
.
O

2
max = -54.36 + 17.82 + 82.2 = 45.7 ml/kg/min

Or, instead of using the formulas, conversion nomograms for the 1-mile (1.6 km) run/walk 
test provided in figure 9.18 can be used to estimate maximal aerobic capacity (14).

Formulas for 1.5-mile (2.4 km) run/walk; developed using 18- to 29-year-olds (16):

Males

V
.
O

2
max = 91.736 - (0.1656 × wt in kg) - (2.767 × time in min)

Females

V
.
O

2
max = 88.020 - (0.1656 × wt in kg) - (2.767 × time in min)

As an example, a man who weighs 70 kilograms (154 lbs) and takes 11.5 minutes (690 sec-
onds divided by 60) to cover 1.5 miles (2.4 km) has an estimated maximal aerobic capacity of:

V
.
O

2
max = 91.736 - (0.1656 × 70 kg) - (2.767 × 11.5 min)

V
.
O

2
max = 91.736 - 11.592 - 31.821 = 48.3 ml/kg/min

Or, instead of using the formulas, conversion nomograms for the 1.5-mile (2.4 km) run/
walk test provided in figure 9.19 can be used to estimate maximal aerobic capacity (16).

Formulas for 2-mile (3.2 km) run/walk; developed using 20- to 37-year-olds (39):

Males

V
.
O

2
max = 99.7 - (3.35 × time in min)

Females

V
.
O

2
max = 72.9 - (1.77 × time in min)



228 Assessments for Sport and Athletic Performance

Figure 9.18 Conversion nomograms for estimating maximal aerobic 
capacity from 1-mile (1.6 km) run/walk times in men and women

From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019). 
Using formulas from (14).
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As an example, a woman who takes 14.75 minutes (885 seconds divided by 60) to cover 
2 miles (3.2 km) has an estimated maximal aerobic capacity of:

V
.
O

2
max = 72.9 - (1.77 × 14.75 min)

V
.
O

2
max = 72.9 - 26.1 = 46.8 ml/kg/min

Or, instead of using the formulas, conversion nomograms for the 2-mile (3.2 km) run/walk 
test provided in figure 9.20 can be used to estimate maximal aerobic capacity (39).
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Figure 9.19 Conversion nomograms for estimating maximal aerobic 
capacity from 1.5-mile (2.4 km) run/walk times in men and women

From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019).  
Using formulas from (16).
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Research Notes
Distance-based run/walk tests are typical components of military physical fitness tests, such as 
the 1.5-mile (2.4 km) test used by the U.S. Navy and the 2-mile (3.2 km) test used by the U.S. 
Army, because the resultant scores are related to gold standard measures of cardiorespiratory 
fitness (i.e., V

.
O2max) and can be conducted easily on a large scale (30).

Children with higher levels of cardiorespiratory fitness typically demonstrate better academic 
performance than those with lower levels of cardiorespiratory fitness (50). One research study 
reported that each additional minute needed to complete the 1-mile (1.6 km) run/walk test 
was associated with a 1.9-point decline in math scores and a 1.1-point decline in reading scores 
on standardized tests in 10- to 16-year-olds (48).

A review of 123 research studies examining cardiorespiratory fitness assessments suggested 
that the 1.5-mile (2.4 km) run/walk test demonstrated the best relationship with maximal 
aerobic capacity among the commonly used distance-based field tests (35).
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Figure 9.20 Conversion nomograms for estimating maximal aerobic 
capacity from 2-mile (3.2 km) run/walk times in men and women

From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019).
Using formulas from (39).
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Normative Data
Time classification values for the 1-mile (1.6 km) run/walk test are provided in figure 9.21 
(boys) and figure 9.22 (girls), for the 1.5-mile (2.4 km) run/walk test in figure 9.23 (men) 
and figure 9.24 (women), and for the 2-mile (3.2 km) run/walk test in figure 9.25 (men) and 
figure 9.26 (women).
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Figure 9.21 One-mile (1.6 km) run/walk time classifications in boys: outstanding—
75th percentile; typical—50th percentile; suboptimal—25th percentile.
Data from (46).
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Figure 9.22 One-mile (1.6 km) run/walk time classifications in girls: outstanding—
75th percentile; typical—50th percentile; suboptimal—25th percentile.
Data from (46).
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Figure 9.23 Time classifications for 1.5-mile (2.4 km) run/walk in men: outstanding—
75th percentile; typical—50th percentile; suboptimal—25th percentile.
Data from (4).
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Figure 9.24 Time classifications for 1.5-mile (2.4 km) run/walk in women: outstand-
ing—75th percentile; typical—50th percentile; suboptimal—25th percentile.
Data from (4).
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Figure 9.26 Two-mile (3.2 km) run/walk time classifications in women: excellent—
75th percentile; typical—50th percentile; suboptimal—25th percentile (unavailable 
for 37+ yr).
Data from (1).

Figure 9.25 Two-mile (3.2 km) run/walk time classifications in men: excellent—75th 
percentile; typical—50th percentile; suboptimal—25th percentile.
Data from (1).
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TIME-BASED WALK OR RUN TESTS

Purpose
Time-based walk or run tests provide measures of cardiorespiratory fitness using a continuous 
fixed-time protocol.

Outcomes
Distance covered, in miles (or yards) or kilometers (or meters), within the selected time frame; 
estimated maximal aerobic capacity

Equipment Needed
Track or measured course; cones or markers; measuring tape; stopwatch or timing device

Before You Begin
Determine the selected time frame (12 minutes will be used for this explanation), which will 
likely be influenced by the space available and the training status of the athlete or client, 
with longer distances being better tolerated by trained individuals than less trained individu-
als. Clearly designate a measured course and use cones or markers to identify evenly spaced 
interval distances.

A standardized warm-up followed by three to five minutes of rest and recovery should be 
conducted prior to beginning the assessment.

Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure how far 

you can run or walk in 12 minutes. Are you ready to begin? If so, please stand behind 
the starting line.”

2. Next, explain: “When I say ‘Go,’ run (or walk or jog as needed) as far as possible for 12 
minutes to complete the test.”

3. Verbally signal the athlete or client “3, 2, 1, go,” and record the distance covered, to the 
nearest 50 meters (55 yd) within the selected time frame. A tally system or counting 
device should be used to accurately count the number of laps completed.

Alternatives or Modifications
Tests that determine the distance covered in 9 minutes or in 15 minutes are also commonly 
used for time-based field assessments of cardiorespiratory fitness. In addition, the 6-minute 
walk test is part of the Senior Fitness Test (47) and consists of completing as many 50-yard 
(45.7 m) laps around a 20- x 5-yard (18.3- by 4.6-m) course within 6 minutes.

After You Finish
The total distance covered within the selected time frame is the final result. To convert the 
distance covered from meters to kilometers, divide the number of meters by 1,000, or to 
convert the distance covered from yards to miles, divide the number of yards by 1,760. The 
following formulas can be used to estimate maximal aerobic capacity (V

.
O2max; in ml /kg/min):

12-minute run/walk formulas (13)

V
.
O

2
max = (22.35 × distance in km) - 11.28

V
.
O

2
max = (35.97 × distance in mi) - 11.28
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For example, an athlete or client who covers 2.75 kilometers (2,750 meters divided by 
1,000) during the 12-minute run/walk test has an estimated maximal aerobic capacity of:

V
.
O

2
max = (22.35 × 2.75 km) - 11.28

V
.
O

2
max = 61.46 - 11.28 = 50.18 ml/kg/min

Or, instead of using the formula, conversion nomograms for the 12-minute run/walk test 
provided in figure 9.27 can be used to estimate maximal aerobic capacity (13).

Research Notes
Relative age effects are characterized by a greater representation of individuals born during a 
specific part of the year. Potentially due to the selection process and various other factors in 
competitive sports, there may be a larger number of relatively older athletes who are born just 
after an age group cutoff (i.e., January) compared to relatively younger athletes who are born 
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Figure 9.27 Conversion nomograms for estimating maximal aerobic 
capacity from 12-minute run/walk distance

From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019). 
Using formulas from (13).
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closer to the end of a particular birth year (i.e., December). For example, a greater number of 
youth alpine skiers were reportedly born January through March (28 to 34%) than October 
through December (18 to 21%) (18).

Correspondingly, 13- to 14-year-old skiers born later in the year covered less distance during 
the 12-minute run/walk test than those born earlier in the year. Additionally, differences in 
distance covered during the 12-minute run/walk test have been shown between under-21-year-
old alpine skiers who were selected to the national squad and those were not selected (17).

A review of 123 research studies examining cardiorespiratory fitness assessments suggested 
that the 12-minute run/walk test demonstrated the best relationship with maximal aerobic 
capacity among the commonly used time-based field tests (35).

Normative Data
Distance classification values for the 12-minute run/walk test are provided in figure 9.28 (men) 
and figure 9.29 (women). Descriptive values for the 12-minute run/walk test in youth alpine 
skiers are provided in figure 9.30 (boys) and figure 9.31 (girls).

Figure 9.28 Twelve-minute run/walk distance classifications in men: outstanding—
75th percentile; typical—50th percentile; suboptimal—25th percentile.
Data from (4).
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Figure 9.29 Twelve-minute run/walk distance classifications in women: outstanding—
75th percentile; typical—50th percentile; suboptimal—25th percentile.
Data from (4).
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Figure 9.30 Descriptive values from male youth alpine skiers.
Data from (17).
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Figure 9.31 Descriptive values from female youth alpine skiers.
Data from (17).
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SUBMAXIMAL STEP TEST

Purpose
The submaximal step test (or Queens College or YMCA step test) provides a measure of cardio-
respiratory fitness using a continuous fixed-cadence protocol.

Outcomes
Recovery heart rate in beats per minute; estimated maximal aerobic capacity

Equipment Needed
A sturdy bench, step, or box with a height of 16.25 inches (41.3 cm); timing device; metronome; 
heart rate monitor (if available)

Before You Begin
Review the heart rate measurement guidelines provided in chapter 10. Set a metronome to either 
88 beats per minute (a pace of 22 steps per minute) for women or 96 beats per minute (a pace 
of 24 steps per minute) for men.

Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure your heart 

rate after you complete a three-minute step test. Are you ready to begin? If so, please stand 
in front of the bench.”

2. Next, explain: “When I say ‘Go,’ start by stepping up with one foot followed by the other 
foot and then stepping down in the reverse order. You may start with either foot as the 
lead foot, and if that leg becomes tired, feel free to change to the other foot as the lead 
foot. Do your best to make each step in time with the audible signal provided by the 
metronome. I will let you know after three minutes that the test is over. Please stay in the 
standing position with both feet on the ground while I measure your heart rate by placing 
my fingers on your neck or wrist.” (See figure 9.32.)

3. Verbally signal the athlete or client “3, 2, 1, go,” and monitor that the athlete or client can 
safely keep up with the metronome pace. If the athlete or client cannot maintain the required 
pace following encouragement, stop the test and consider an alternative assessment. Approxi-
mately 5 seconds after the test is finished, measure and record the 15-second pulse count.

Figure 9.32 (a) Submaximal step test and (b) recovery heart rate measurement. Note: 
the recovery heart rate is measured in the standing position for the Queens College 
step test and in the seated position for the YMCA step test.

a b
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Alternatives or Modifications
The YMCA step test uses the same protocol but with a 13-inch (33 cm) bench with a heart 
rate measurement that is conducted one minute after the test with the athlete or client in a 
seated position (60).

The Forestry step test uses different bench heights for men (40 cm [15.75 in.]) and women 
(33 cm [13 in.]), a step rate of 22.5 steps per minute (90 beats per minute), a testing period of 
5 minutes, and a recovery heart rate measurement that begins 15 seconds after the test (2).

For older adults, an alternative version of the test lasts for two minutes and does not involve 
an actual step. Rather, the individual steps in place (similar to marching) with the lead leg 
raised to a point that is at least level with the midway point between the kneecap and the 
top of the hip bone (47).

After You Finish
The 15-second pulse count measured at the end of the test is the final result. Multiply this value 
by four to calculate heart rate in beats per minute (bpm), which can be used to estimate maximal 
aerobic capacity. See the following formulas that were developed in healthy, young adults (36):

Women; in ml/kg/min

V
.
O

2
max = 65.81 - (0.1847 × heart rate in bpm)

Women; in ml/kg/min

V
.
O

2
max = 111.33 - (0.42 × heart rate in bpm)

For example, a woman who completes the submaximal step test with an immediate postex-
ercise heart rate of 120 beats per minute (a 15-second pulse count multiplied by 4) has an 
estimated maximal aerobic capacity of:

V
.
O

2
max = 65.81 - (0.1847 × 120 bpm)

V
.
O

2
max = 65.81 - 22.16 = 43.65 ml/kg/min

Or, instead of using the formula, conversion nomograms for the submaximal step test 
provided in figure 9.33 can be used to estimate maximal aerobic capacity (36).

Research Notes
While step tests can be easily conducted in most settings and have been shown to be related 
to cardiorespiratory fitness in generally healthy adults (8), they may not be feasible for all 
individuals. One research study reported that 73 percent of 189 individuals were only able 
to complete 2 minutes or less of the YMCA step test with age (>50 years old), sex (females), 
height (shorter individuals), and health (greater number of self-reported risk factors) likely 
playing a role (9).

Due to their similarities with the work-related tasks, step tests are often used to evaluate 
cardiorespiratory fitness in firefighters. Approximately an 18-percent decrease in estimated 
maximal aerobic capacity as measured by the Queens College step test has been demonstrated 
when firefighters are wearing personal protective gear and a self-contained breathing apparatus 
compared to standard athletic clothing (43). Furthermore, 13 percent of the firefighters were 
not able to complete the test with the additional safety equipment.
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Figure 9.33 Conversion nomograms for estimating maximum aero-
bic capacity from recovery heart rate measured five seconds after 

completing the step test

From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019).  
Using formulas from (36).
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Figure 9.35 YMCA step test recovery heart rate (HR; after 1 minute) classifications 
in men across the lifespan. Using a 13-inch (33 cm) bench.
Data from (40a).

Figure 9.34 Submaximal step test recovery heart rate (HR; after 5 sec) classifications 
in young, untrained men and women. Women: outstanding–75th percentile; typical 
–50th percentile; suboptimal–25th percentile. Using a 16.25-inch (41.3 cm) bench.
Data from (36).
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Normative Data
Step test recovery heart rate classification values after five seconds are provided in figure 9.34, 
and after one minute in figure 9.35 (men) and figure 9.36 (women).

Figure 9.36 YMCA step test recovery heart rate (HR; after 1 minute) classifications 
in women across the lifespan. Using a 13-inch (33 cm) bench.
Data from (40a).
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SUBMAXIMAL ROWING ERGOMETER TEST

Purpose
The submaximal rowing ergometer test provides an indicator of cardiorespiratory fitness using 
a continuous fixed-cadence protocol.

Outcomes
Recovery heart rate in beats per minute; estimated maximal aerobic capacity

Equipment Needed
Concept2 rowing ergometer; timing device; heart rate monitor (if available)

Before You Begin
Review the basic elements of a rowing stroke (preferably during a familiarization session prior 
to testing) with the athlete or client as outlined in table 7.1. See the heart rate measurement 
guidelines provided in chapter 10. Follow the procedures outlined in chapter 4 to record the 
athlete’s or client’s body weight in kilograms or pounds. Set the adjustable resistance level to 
the highest setting (10) and the on-board computer to display watts and strokes per minute 
(and heart rate if a heart rate monitor is being used). A standardized warm-up followed by three 
to five minutes of rest and recovery should be conducted prior to beginning the assessment.

Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure your 

heart rate while you exercise on the rowing ergometer at a comfortable intensity. Are 
you ready to begin? If so, please have a seat on the rowing ergometer, tighten the foot 
plate straps around your feet, and grasp the handle with both hands.”

2. Next, explain: “When I say ‘Go,’ start pulling on the handle while going completely 
through the start, drive, finish, and recovery phases at an intensity that you think you 
can maintain for 5 to 10 minutes. Do not attempt to perform at a maximal level. We 
will check your heart rate after each minute of exercise until it appears to level off, 
which will signal the end of the test.”

3. Position yourself so that you can clearly view the performance monitor. Verbally signal 
the athlete or client “3, 2, 1, go,” and verify that the athlete or client performs at a 
consistent submaximal intensity and stroke rate with a heart rate below 170 beats per 
minute. If a heart rate monitor is being used, the heart rate values should be visible on 
the performance monitor; however, if a heart rate monitor is not being used, the coach 
or fitness professional will need to ask the athlete or client to briefly pause in the start-
ing position with hands remaining on the handle while his or her heart rate is measured.

4. When the athlete’s or client’s heart rate appears to stabilize for a period of two minutes, 
record this value, as well as the power output (in watts), and stop the test.

After You Finish
The stabilized heart rate measured during the final two minutes of the test is the final result. 
Use the nomogram in figure 9.37, which was developed in healthy, young, untrained rowers, 
to determine the estimated absolute maximal aerobic capacity (in L/min). Then, convert the 
absolute value to the estimated relative maximal aerobic capacity (in ml/kg/min) using one 
of the following formulas:





VO max in ml/kg/min
VO max in L/min
body weight in kg

1,0002
2= ×
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As an example, a 160-pound (72.6 kg) man whose heart rate is 146 beats per minute after 
completing two minutes of rowing at a power output of 225 watts has an absolute V

.
O2max 

of 3.5 L/min. Relative V
.
O2max is calculated as follows:

V
.
O

2
max in ml ⁄kg ⁄min = 0.04814 × 1,000 = 48.14 ml/kg/min

VO max in ml/kg/min 3.5 L/min
160 2.2

1,0002 =
÷

×

VO max in ml/kg/min 3.5 L/min
72.7 kg

1,0002 = ×

From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019).
From Concept II Rowing Ergometer Nomogram for Prediction of Maximal Oxygen Consumption, by Dr. 
Fritz Hagerman, Ohio University, Athens, OH. The nomogram is not appropriate for use with non-Concept2 
rowing ergometers and is designed to be used by noncompetitive or unskilled rowers participating in aerobic 
conditioning programs. Adapted by permission of Concept2, Inc., 105 Industrial Park Drive, Morrisville, VT 
05661 (800) 245-5676.

Figure 9.37 Nomogram for estimating maximal aerobic capacity 
from power output and heart rate during the submaximal  

rowing ergometer test
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Research Notes
Because it contains elements of both aerobic endurance and resistance training, rowing training 
yields exceptional cardiorespiratory fitness and musculoskeletal adaptations (5). Furthermore, 
rowing is a non-weight-bearing activity that engages a large percentage of the muscles in the 
body: an estimated 50 percent of the power generated during a rowing stroke comes from 
the trunk, 40 percent from the legs, and 10 percent from the arms (53). Therefore, recom-
mendations for rowing training have been made for improvements in both sport performance 
and health across the lifespan (5, 25).

These features of rowing provide an alternative to the primarily running-based options avail-
able for assessing cardiorespiratory fitness in the field. In support of the assessment protocol 
provided in this section, the exercise intensity and heart rate response to submaximal rowing 
has been shown to be predictive of cardiorespiratory fitness in both trained and untrained 
rowers (29).

Normative Data
Estimated maximal aerobic capacity values from the submaximal rowing ergometer can be 
compared to the normative data provided in figure 9.38 for men and figure 9.39 for women.

Figure 9.38 Maximal aerobic capacity classifications in men: outstanding—75th 
percentile; typical—50th percentile; suboptimal—25th percentile.
Data from (4).
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Figure 9.39 Maximal aerobic capacity classifications in women: outstanding—75th 
percentile; typical—50th percentile; suboptimal—25th percentile.
Data from (4).
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45-SECOND SQUAT TEST

Purpose
The 45-second squat test (or Ruffier-Dickson test) provides measure of cardiorespiratory fit-
ness using heart rate recovery following a fixed cadence protocol.

Outcomes
Heart rate recovery values; Ruffier-Dickson index; estimated maximal aerobic capacity

Equipment Needed
Sturdy training table; timing device; metronome; heart rate monitor (if available)

Before You Begin
Follow the procedures outlined in chapter 4 to record the athlete’s or client’s height. See the 
heart rate measurement guidelines provided in chapter 10. Set a metronome to 80 beats per 
minute, at a pace of 40 squats per minute.

Protocol
1. Begin the procedure by saying to the athlete or client: “We are going to measure your 

heart rate before and after you complete 30 body-weight squats. You will squat down 
and stand back up again in sync with the beeps of a metronome. At the rate that the 
metronome is set, you will do 30 squats in 45 seconds. Are you ready to begin? If so, 
please lie down on the training table for the next five minutes so that we can determine 
your resting heart rate.”

2. At the end of the resting period, either record the reading displayed by the heart rate 
monitor or say, “I’m now going to measure your heart rate by placing my fingers on 
your neck or wrist.”

3. Next, direct the athlete or client: “Please stand up with your arms either crossed or 
extended in front of your chest with your feet parallel and shoulder width apart. When I 
say ‘Go,’ start bending your knees and hips to lower your body into a squatted position 
until your ankles, knees, and hips are at right angles (90˚). Keep your back straight and 
your eyes facing forward throughout the movement. Squat down quickly enough to 
reach the bottom position at the same time as when you hear the beep. Then extend 
your knees and hips to return to the starting position in time with the next beep” (see 
figure 9.40).

4. Request: “Focus on breathing normally throughout the test, and squat with the metro-
nome for the duration of the 45 seconds. After you’ve completed the 30 squats, I will 
have you lie back down on the table so that I can measure your heart rate.”

5. Position yourself so that you can clearly view the squatting movements. Verbally signal 
the athlete or client “3, 2, 1, go,” and verify that the athlete or client performs at the 
required pace while tracking the time.

6. After 45 seconds, direct the athlete or client: “Please lie back down on the training table 
so that I can measure your heart rate.”

7. Record a heart rate value as soon as possible (within 15 seconds) after the athlete or 
client lies down and once again after resting for one minute (within 75 seconds).
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Alternatives or Modifications
The original version of the 45-second squat test required the athlete or client to complete a 
full squat movement with the heels close to the buttocks, but the test can be modified to a 
90-degree bend at the knees to account for those individuals with limited range of motion 
in the lower body.

After You Finish
The heart rate values recorded at rest (HRrest), within 15 seconds after exercise (HR15s), and 1 
minute after exercise (HR75s) are used to calculate the Ruffier-Dickson Index (RDI) as follows:

For example, an athlete or client with a HRrest of 47 beats per minute, a HR15s of 121 beats 
per minute, and a HR75s of 50 beats per minute has an RDI of:

The RDI can be used to evaluate general cardiorespiratory fitness or, when combined with 
age and height, to estimate absolute maximal aerobic capacity (in L/min) with the following 
formulas:

RDI
(HR 70) (HR HR )

10
15s 75s rest=

− + 2 −

RDI (120 bpm 70) (55 bpm 47 bpm)
10

= − + 2 −

RDI 55
10

51 16
10

67
10

6.7= + 2(8) = + = =

Figure 9.40 Body-weight squat.

a b
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Men

V
.
O

2
max = (–0.0309 × age in yr) + (4.533 × height in in. × 0.0254) 

 – (0.0864 × RDI)  3.228

Women

V
.
O

2
max = (–0.0309 × age in yr) + (4.533 × height in in. × 0.0254) 

 – (0.0864 × RDI) – 3.788

For example, a 28–year–old man with an RDI of 6.7 and who is 68 inches tall has an esti-
mated maximal aerobic capacity of:

V
.
O

2
max = (–0.0309 × 28 yr) + (4.533 × 68 in. × 0.0254) – (0.0864 × 6.7) – 3.228

V
.
O

2
max = –0.865 + 7.829 – 0.579 – 3.228 = 3.94 L/min

The absolute value can then be converted to estimated relative maximal aerobic capacity 
(in ml/kg/min) using one of the following formulas:

For example, a 175–pound (79.4 kg) man with an absolute V
.
O2max of 3.94 L/min has a 

relative V
.
O2max as follows:

V
.
O

2
max in ml ⁄kg ⁄min = 0.04956 × 1,000 = 49.56 ml/kg/min





VO max in ml/kg/min
VO max in L/min
body weight in kg

10002
2= ×





=
÷

×VO max in ml/kg/min
VO max in L/min

body weight in lb 2.2
1,0002

2

 =
÷

×VO max in ml/kg/min 3.94 L/min
175 lb 2.2

1,0002

VO max in ml/kg/min 3.94 L/min
79.5 kg

1,0002 = ×



− × + ×

− × −

VO max

                 = ( 0.0309 age in yr) (4.533 height in cm
100

)

                 (0.0864 RDI) 3.228

2



− × + ×

− × −

VO max

                 = ( 0.0309 age in yr) (4.533 height in cm
100

)

                 (0.0864 RDI) 3.788

2
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Research Notes
Direct measurement of oxygen consumption during the 45-second squat test has shown to 
result in approximately 6 times greater energy expenditure than resting values. This corre-
sponds to vigorous exercise intensity in less fit individuals and moderate exercise intensity in 
more fit individuals (51). RDI values have shown to correlate to maximal aerobic capacity in 
healthy individuals (51) and blood flow during recovery from the 45-second squat test in rugby 
athletes (44). While low RDI values have been reported in athletes (e.g., 2.5 in male rugby 
players), the ability to estimate cardiorespiratory fitness from RDI may be limited because of 
overestimations in less fit individuals and underestimations in highly fit individuals (3, 44, 51).

A research study examining three different two-week physical activity interventions reported 
decreased RDI values (potentially indicating improved cardiorespiratory fitness) in individuals 
using a mobile-based step-count application as well as both mobile-based training and gym-
based supervised training sessions (49).

Normative Data
Generally speaking, lower RDI values represent better cardiorespiratory fitness, while higher 
values represent lower cardiorespiratory fitness. Recommendations (51) suggest that RDI values 
less than or equal to 5 are considered good cardiorespiratory fitness, values between 6 and 10 
are considered fair, and values greater than or equal to 11 are considered poor. If estimated 
maximal aerobic capacity values are calculated, the normative data provided in figure 9.41 
for men and figure 9.42 for women can be used.
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Figure 9.41 Maximal aerobic capacity classifications in men: outstanding—75th 
percentile; typical—50th percentile; suboptimal—25th percentile.
Data from (4).
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Figure 9.42 Maximal aerobic capacity classifications in women: outstanding—75th 
percentile; typical—50th percentile; suboptimal—25th percentile.
Data from (4).

E7208/Fukuda/Fig 09.39/607810/TB/R1

51

Maximal oxygen uptake (ml/kg/min)

20-29

40-49

50-59

60-69

70-79

30-39

OutstandingTypicalSuboptimal

A
g

e 
ra

n
g

e 
(y

ea
rs

)

23 45 47 4943413937353331292725



251

The majority of the assessments in part II are 
intended to be used as part of a baseline 

evaluation or as a periodic follow-up (retest) to 
determine the effectiveness of a training program 
or other intervention. Performing a full-scale 
battery of tests is time-consuming and very 
fatiguing, so it may not be realistic to test more 
frequently than once every few months. However, 
coaches and fitness professionals are required to 
constantly observe their athletes and clients and 
make adjustments to their training on a daily 
or weekly basis to maximize their performance 
and minimize risk of injury—a process called 
monitoring. Training monitoring tools allow 
coaches and fitness professionals to evaluate 
trends by comparing test results to a common 
value or a certain threshold (such as more than a 
5 to 10% change from a previous test or a baseline) 
that would indicate a stable period of training or 
a positive or negative training adaptation.

For example, heart rate measurements can 
be used as indicators of exercise intensity and 
a means of evaluating the athlete’s or client’s 
response to exercise, both of which may be 

Monitoring Training

Continuous effort—not strength or intelligence—is the key to unlocking our 
potential.

Liane Cordes, Author

particularly useful for monitoring training. Body 
weight maintenance, hydration status, and fluid 
loss recovery are additional factors that could be 
monitored before and after a training session.

Beyond those physiological factors, monitor-
ing training load and physical readiness can 
reveal valuable insight about an athlete’s or 
client’s training adaptive status. Training load 
is influenced by a balance of external training 
loads (the training activities completed by 
the athlete or client), and internal training 
loads (the athlete’s or client’s response to the 
training activities) (21, 37). A decision matrix 
for the balance between external and internal 
training loads is provided in figure 10.1. Notably, 
an imbalance in the types of training load likely 
signals positive (high external training load with 
low internal training load) or negative adaptations 
(low external training load with high internal 
training load) (21). Low values in both categories 
indicate a need for more aggressive training 
progression, and high values in both categories 
indicate a need for less aggressive training 
progression.

CHAPTER 10
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Physical readiness is described as the athlete’s 
or client’s ability to engage in the training activities 
on a particular day (21, 37). Both training load 
and physical readiness must be considered with 
respect to how well the training process is being 
tolerated by the athlete or client, which is termed 
perceptual well-being (21, 37).
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Figure 10.1 Decision matrix for the balance between external and internal training loads.
Adapted from T.J. Gabbett, G.P. Nassis, E. Oetter, et al., “The Athlete Monitoring Cycle: A Practical Guide to Interpreting and Applying 
Training Monitoring Data,” British Journal of Sports Medicine 51 (2017): 1451-1452.
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Figure 10.2 Decision matrices for the balance between perceptual well-being and physical readiness 
and between perceptual well-being and training load.
Adapted from T.J. Gabbett, G.P. Nassis, E. Oetter, et al., “The Athlete Monitoring Cycle: A Practical Guide to Interpreting and Applying 
Training Monitoring Data,” British Journal of Sports Medicine 51 (2017): 1451-1452.

Decision matrices for the balance between 
perceptual well-being and physical readiness, and 
between perceptual well-being and the training 
load, are provided in figure 10.2. An imbalance 
between the training load and perceptual well-being 
scores likely signals the need to alter the training 
program, high values in both categories indicate 
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a stable training environment, and low values in 
both categories may indicate issues outside the 
training program (21). An imbalance between 
physical readiness and perceptual well-being 
scores likely signals the need for either additional 
physical preparation (due to high perceptual 
well-being and low physical readiness) or mental 
preparation (caused by low perceptual well-being 
and high physical readiness). High values in both 
categories indicate a stable training environment, 
and low values in both categories may indicate 
the need for additional recovery or an alternative 
intervention (21).

The sections of information provided within 
the decision matrices are simply suggestions 
that must be guided by the intuition, professional 
preparation, and sport- or activity-specific 
knowledge of the coach or fitness professional. 

In addition to physical measures, assessments 
of external training load, internal training load, 
perceptual well-being, and physical readiness are 
provided within this chapter, and much of the 
training monitoring data can be collected using 
training logs.

The assessments covered in this chapter are 
as follows:

 ■ Heart rate measurement (26)
 ■ Body weight maintenance and hydration 

status (1)
 ■ Fluid loss evaluation (36)
 ■ External training load (21, 34, 37)
 ■ Internal training load (21, 37)
 ■ Perceptual well-being (21, 37)
 ■ Physical readiness (21, 37)
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HEART RATE MEASUREMENT

Purpose
Heart rate (HR) provides a measure of the balance of numerous physiological systems and 
the current state of the body, including its ability to recover from and respond to exercise.

Background and Approach
HR values are highly individualized, with resting values typically ranging between 60 and 80 
beats per minute. Women and children under 12 years old usually have greater resting HR 
values compared to men and adults, respectively. To minimize day-to-day fluctuations in HR 
that are not related to training, standardized testing conditions are needed because many 
environmental, dietary, physical, and psychological factors can affect resting values. Also, 
some medications directly or indirectly affect resting and exercise HR.

Use the middle finger and index finger together to locate the athlete’s or client’s pulse by 
applying slight pressure near the desired artery. The radial artery is located in the wrist at the 
intersection of the thumb and palm (see figure 10.3a), while the carotid artery is located in 
the neck along the side of the throat below the jaw line (see figure 10.3b). The thumb has its 
own pulse and should not be used for HR measurement.

Figure 10.3 Locations for the (a) radial artery and (b) carotid artery.

a b

After locating the pulse, count the number of heartbeats felt during a predetermined 
period (between 15 and 60 seconds for resting values and less than 15 seconds for exercise 
or postexercise values to get a real-time snapshot). When starting the timing device, count 
the first beat as zero; however, if a timing device that is currently running is used (i.e., a round 
or lap timer or a wall-mounted clock), count the first beat as one.

Resting HR measurements should be completed in a seated position or lying down after a 
rest period of 5 to 10 minutes. Exercise and postexercise HR measurements should be com-
pleted as close to the end of the exercise session as possible or during a specified time point 
to minimize the influence of recovery. The pulse count can be used to calculate HR using the 
formulas provided in table 10.1.



Monitoring Training 255

Alternatives or Modifications
A variety of HR monitors are available that use a chest strap or arm- or wrist-based devices 
to measure HR continuously while transmitting the data to a watch or mobile app.

Knowledge of an athlete’s or client’s maximum HR allows for a more informed assessment 
of exercise intensity and gives an indication of when a particular assessment is reaching an 
appropriate stopping point (e.g., approximately 85% of maximum HR during a submaximal 
test). While the actual measurement of maximum HR is preferred during assessments with 
gradual increases in exercise resulting in maximal exertion, such as the 20-meter multi-stage 
shuttle run or the Yo-Yo intermittent recovery test presented in chapter 9, the calculation of 
age-predicted values can be completed using one of the following formulas (56a):

Age-predicted maximum HR in bpm = 220  age in yr

Age-predicted maximum HR in bpm = 208  (0.7 × age in yr)

Research Notes
The rate that HR returns to its resting level after exercise improves following training, and the 
recovery rate is faster in trained versus untrained individuals (4, 14). The usefulness of HR as 
a monitoring tool during training may be dictated by the length of the training program and 
how it is measured (7). Changes in resting HR may be noticeable over shorter training periods 
(<2 wk), while changes in submaximal exercise HR may be noticeable over longer training 
periods (>2 wk), and changes in maximal exercise HR could occur as a response to both shorter 
and longer training periods. Furthermore, it is recommended that HR measures be used in 
conjunction with other monitoring tools to give a coach or fitness professional better insight 
into how the athlete or client is handling the stress of the training program (8).

Applied Examples
Following are two applied examples:

Scenario 1
Determine, in beats per minute, the resting HR and age-predicted maximum HR (using both 
formulas) for a 30-year-old with a resting 30-second pulse count of 27 beats:

Resting HR = 27 beats × 2 = 54 bpm

Age-predicted maximum HR = 220  30 yr = 190 bpm

Age-predicted maximum HR = 208  (0.7 × 30 yr) = 187 bpm

Scenario 2
Determine, in beats per minute, the exercise HR and age-predicted maximum HR (using both 
formulas) for a 22-year-old with an exercise 10-second pulse count of 25 beats:

Exercise HR = 25 beats × 6 = 150 bpm

Age-predicted maximum HR = 220  22 yr = 198 bpm

Age-predicted maximum HR = 208  (0.7 × 22 yr) = 193 bpm

Table 10.1 Pulse Count Conversion Formulas to Determine Heart Rate (HR) in Beats 
per Minute (bpm) at Rest and During Exercise

Exercise 6 sec pulse count × 10 = HR in bpm

10 sec pulse count × 6 = HR in bpm

Rest 15 sec pulse count × 4 = HR in bpm

30 sec pulse count × 2 = HR in bpm

60 sec pulse count × 1 = HR in bpm
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BODY WEIGHT MAINTENANCE AND 
HYDRATION STATUS

Purpose
Body weight maintenance provides a measure of hydration status.

Background and Approach
Striking a balance between the fluid lost during exercise and fluid intake is a key consideration 
for training and competition. Accordingly, dehydration, which may accumulate over time, 
has been shown to negatively affect performance and cognitive function (32, 39). The most 
straightforward method of determining hydration status is by frequent body weight measure-
ments when the athlete or client is not purposely losing or gaining weight and when there is 
a consistent fluid intake. Stable or normal weight can be determined by averaging three con-
secutive body weight measurements using the protocol outlined in chapter 4. Subsequently, 
day-to-day variations in body weight should differ by no more than 1 percent; it is concerning 
if this variation is greater than 2 percent specifically due to dehydration (1, 12). The following 
formula can be used to determine the percent change in body weight between measurements 
(or compared to stable, normal weight):

Hydration status can also be determined by examining the color of urine. This simple 
assessment can be completed by the athlete or client by collecting a sample of urine in a clear 
container and comparing its color against a white background to a commercially available color 
chart (1). Urine that is associated with ratings of one through three indicate a well-hydrated 
state (closer to very pale yellow); colors associated with ratings of seven through eight (closer 
to green) indicate extreme dehydration. If the urine color is found to be darker on several occa-
sions throughout the day, the athlete or client should focus on drinking more water periodically 
over the course of the next day until the urine returns to a pale yellow color. However, the 
fluid intake should not be excessive or consumed all at once because severe complications can 
occur as a result of not having enough sodium relative to body fluids—a state that is termed 
hyponatremia—which can result in several health problems and may require hospitalization. 
Some fruits and vegetables, vitamins, and medications, as well as intense exercise sessions can 
also cause urine to change color, so recent changes in the athlete’s or client’s diet or training 
regimen need to be considered when evaluating hydration status.

Alternatives or Modifications
To further simplify the process of evaluating hydration status without the hassle of purchas-
ing a container and handling urine, the athlete or client can also estimate the color directly 
from the urine stream (28) or potentially from the toilet bowl after urination. However, these 
approaches may be less precise.

Percent change in body weight day 2 BW day 1 BW 
day 1 BW

100= − ×

Percent change in body weight measured BW normal BW 
normal BW

100= − ×
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Research Notes
Dehydration is a major issue in sports that are divided by weight categories for competitive 
events. It is common for athletes to lose 2 to 5 percent or possibly up to 10 percent of their 
body weight during preparation for competition (19). An evaluation of wrestling, taekwondo, 
and boxing athletes noted significant differences in urine color between adequately hydrated 
athletes and severely dehydrated athletes (17).

The importance of hydration status is apparent in most sport settings. For example, a 
study examining low-handicap golfers under typically hydrated (with a urine color rating of 
2) and dehydrated (with a urine color rating of 4) conditions showed impairments in both shot 
distance and accuracy using a variety of clubs (5-, 7-, and 9-irons) following fluid restriction 
that caused a 1.5 percent decrease in body weight (55).

Applied Examples
Following are two applied examples:

Scenario 1
Determine the percent change in body weight for an athlete or client who weighs 76.5 kilo-
grams and has a stable or normal body weight of 78 kilograms.

Scenario 2
Determine the percent change in body weight for an athlete or client who weighs 112 pounds 
today and weighed 112.5 pounds yesterday.

Percent change in body weight 76.5 kg 78 kg 
78 kg

100= − × = −1.92%

Percent change in body weight 112 lb 112.5 lb 
112.5 lb

100= − × = − 0.44%
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FLUID LOSS EVALUATION

Purpose
Fluid loss evaluation provides a measure of the hydration needs in response to a training session.

Background and Approach
Varying amounts of fluid may be lost during a training session with individual rates of sweat-
ing, exercise duration, exercise intensity, and environmental factors (i.e., heat and humidity) 
increasing the need for rehydration. Therefore, the coach or fitness professional may choose 
to track an athlete’s or client’s fluid intake and sweat loss while establishing guidelines for 
rehydration.

Prior to a training session, request that the athlete or client use the restroom and, if possible, 
to refrain from using it again until after the postexercise measurements are completed. Follow 
the procedures outlined in chapter 4 to record the athlete’s or client’s initial body weight (in 
pounds or kilograms). Record the initial volume (in ounces or milliliters) of any beverages that 
may be consumed during the training session. Proceed with the training session and ensure 
that the athlete or client only drinks from the premeasured beverage container. Following the 
training session, request that the athlete or client dries off any sweat from the skin and record 
the postexercise body weight (in pounds or kilograms). Subtract the volume of the uncon-
sumed beverage from the initial volume to determine the amount that was consumed during 
the training session. Fluid loss can then be calculated using one of the following formulas:

Fluid loss in milliliters (mL) = [(initial BW in kg  final BW in kg) × 1000] + initial 
beverage volume in mL  final beverage volume in mL

Fluid loss in ounces (oz) = [(initial BW in lb  final BW in lb) × 15.34] + initial 
beverage volume in oz  final beverage volume in oz

Over the course of the next 8 to 12 hours, the athlete or client should aim to drink 1 to 1.5 
times the calculated fluid loss during the training session. More simply, 1.5 liters (53 fl oz) of 
fluid should be consumed for each kilogram (2.2 lb) of body weight lost.

Alternatives or Modifications
The fluid loss calculation can be simplified to only consider the difference between the initial 
and final body weight values if the athlete or client does not intend to drink during a short-
duration training session. For extended-duration training sessions, urine volume may need to 
be tracked and subtracted from the fluid loss formulas.

If the duration of the training session is measured, an athlete’s or client’s sweat rate is 
calculated using the following formula:

Because sweat rate is specific to the individual athlete or client, this value can be used 
to customize approximately how much fluid should be consumed during training sessions 
of varying length. This simply requires multiplying sweat rate by the intended length of the 
training session.

It is difficult to specify sweat rates for a given sport because a combination of factors influ-
ence fluid balance and the risk for dehydration, including the frequency of high-intensity efforts, 
fluid availability and drinking opportunities, and environmental conditions (43). Despite this, 
figure 10.4 provides a range of sweat rates for team sport athletes. Note that the sweat rate 
calculated in mL/min must be multiplied by 60 minutes and divided by 1000 mL to compare 
with sweat rate reported as L/h, or multiplied by 60 minutes and divided by body weight (in 
kilograms) to compare with sweat rate reported as ml/kg/h.

=Sweat rate in mL/min or oz/min fluid loss in mL or oz
training session duration in min
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Research Notes
Hot and humid environments require additional consideration for fluid balance. Following a 
typical 90-minute training session in tropical conditions (85.1 °F [29.5 °C] and relative humid-
ity of 78%), male and female youth judo athletes lost between 600 milliliters (21 fl oz) and 
1,200 milliliters (42 fl oz) despite maintaining their usual fluid intake habits (50). Sweat rates 
between 6.7 and 13.3 mL/min (0.24 and 0.47 oz/min) were reported. Most of the athletes 
regained the body weight lost during training within 24 hours; however, some symptoms of 
dehydration, such as thirst and headaches, were still reported during this period.

Fluid balance is also an issue in milder climates. Following 90-minute training sessions in a 
cool environment (49.6 °F [9.8 °C] and relative humidity of 63%), female youth soccer players 
lost 0.84 percent of their body weight (fluid loss of approximately 1,150 mL [40 fl oz]) with a 

Figure 10.4 Sweat rates for athletes in (a) L/h and (b) ml/kg/h.
Data from (1a).
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sweat rate of 11.5 mL/min (0.40 oz/min), providing evidence that not enough fluid was con-
sumed and mild dehydration occurred (23). The researchers also noted that the weight loss 
during training was highly variable, with some players losing greater than 2 percent of their 
body weight (thereby raising the risk of more frequent and more serious dehydration-related 
symptoms over sequential training sessions).

Applied Examples
Following are two applied examples:

Scenario 1
The athlete or client weighed 73 kilograms prior to the training session and 72 kilograms 
after the training session. During the 90-minute training session, he drank 300 milliliters of a 
500-milliliter beverage. His fluid loss is calculated as follows:

Fluid loss in mL = [(73 kg - 72 kg) × 1,000] + (500 mL  300 mL) = 1,200 mL

The athlete or client should aim to drink 1,200 to 1,800 milliliters of fluid in the next 8 to 
12 hours. His sweat rate is calculated as follows:

If a future training session, conducted under similar environmental conditions, lasts only 
60 minutes, the athlete or client might plan to drink 798 milliliters of fluid (60 min × 13.3 mL/
min) while exercising to maintain his preexercise body weight.

Scenario 2
The athlete or client weighed 120 pounds prior to the training session and 118.5 pounds after 
the training session. During the 45-minute training session, she drank 30 ounces of a 32-ounce 
beverage. Her fluid loss is calculated as follows:

Fluid loss in oz = [(120 lb  118.5 lb) × 15.34] + (32 oz  28 oz) = 25 oz

The athlete or client should aim to drink 25 to 38 ounces of fluid in the next 8 to 12 hours. 
Her sweat rate is calculated as follows:

If a future training session, conducted under similar environmental conditions, lasts 75 
minutes, the athlete or client might plan to drink 42 ounces of fluid (75 min × 0.56 oz/min) 
while exercising to maintain her preexercise body weight.

Sweat rate in mL/min 1,200 mL
90 min

 mL/min= = 13.3

Sweat rate in oz/min 25 oz
45 min

 oz/min= = 0.56
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EXTERNAL TRAINING LOAD

Purpose
External training load provides a measure of the physical stress of a training session.

Background and Approach
The evaluation of external training load is dictated by the athlete’s or client’s sport or activity, 
and it is typically gauged by training volume, intensity, or both. Training volume is simply cal-
culated as the number of repetitions completed (lifts, sprints, intervals, jumps, etc.), distance 
covered, or duration of the training session. For the purposes of this discussion, definitions 
and calculations are based on resistance training.

Training volume is determined as the total number of repetitions completed during a resis-
tance training session:

Volume (in repetitions) = sets × repetitions

However, to get a clearer indication of the true external training load, volume load (VL) 
is often calculated by multiplying the total number of repetitions by the weight lifted for a 
particular exercise (35).

VL (in kg or lb) = sets × repetitions × load (in kg or lb)

If several different exercises are incorporated into a training session (with a unique number 
of sets, repetitions, and loads), VL is separately calculated for each exercise and then added 
together with the sum representing the total VL of the session.

Total VL (in kg or lb) = VL for exercise A (in kg or lb) + VL for exercise B (in kg or lb)

Training intensity can be quantified as the percentage of an individual’s maximum intensity as 
indicated by HR, speed, strength, or power values. During a resistance training session, this can 
also be calculated as the average weight lifted per repetition (56) using the following formula:

Another method to measure the intensity of a training session is based on the amount of 
rest between bouts of work. This is called exercise density (34). Continuing with the examples 
from resistance training, exercise density is calculated by dividing VL by the total amount of rest 
between sets. (Note: the rest period following the last set of the last exercise is not counted.) 
This calculation provides a distinction between two training sessions with similar VL values but 
results in a larger exercise density for a session with shorter rest periods and smaller exercise 
density for a session with longer rest periods.

Alternatives or Modifications
Real-time HR monitoring and global positioning system (GPS) data from wearable technology 
can help measure external training load by providing feedback throughout an entire training 
session. Specifically, this information can be used to determine how long an athlete or client 
trains within specific intensity zones (e.g., ranges of percentages of maximal HR, speed, or 
power output). Many commercial HR and GPS devices also provide their own measures of 
external training load. Commercial devices and mobile applications can be used to determine 
total work and the speed of the barbell during a specific lifting motion (or the movement veloc-
ity of the body or almost any implement) to compare with maximal values or normative data.

=Training intensity (in kg/repetition or lb/repetition) total VL (in kg or lb)
total repetitions

=Exercise density (in kg/sec or lb/sec) total VL (in kg or lb)
total rest between sets (in sec)
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Research Notes
Volume load during a nine-week, three-sessions-per-week resistance training program has 
been shown to be greater when individuals are given the option to select their own exercises 
as opposed to being given specific exercises (49). This may have important implications for 
changes in muscular strength and size that may be related to VL during resistance training 
programs (47).

A comparison of a resistance training program aimed at increasing muscular strength (5 
sets of 5 repetitions with a 5-repetition maximum load and 180 seconds of rest between sets) 
and another aimed at increasing muscular size (3 sets of 10 repetitions with a 10-repetition 
maximum load and 60 seconds of rest between sets) revealed a difference in the number of 
repetitions completed but no differences in the VL (34). Interestingly, training intensity was 
greater during the muscular strength program, but exercise density was greater during the 
muscular size program. However, only exercise density and the number of repetitions com-
pleted were related to the overall metabolic stress caused by the workouts.

Applied Examples
Following are two applied examples:

Scenario 1
The athlete or client completed a training session consisting of 5 sets of 5 repetitions using a 
150-pound load for the back squat exercise and a 110-pound load for the bench press exer-
cise. The rest period between sets was 180 seconds. Various measures of external load are 
calculated as follows:

Back squat VL = 5 sets × 5 repetitions × 150 lb = 3,750 lb

Bench press VL = 5 sets × 5 repetitions × 110 lb = 2,750 lb

Total VL = 3,750 lb (back squat VL) + 2,750 lb (bench press VL) = 6,500 lb

Scenario 2
The athlete or client completed a training session consisting of 3 sets of 10 repetitions using 
an 80-kilogram load for the back squat exercise and a 60-kilogram load for the bench press 
exercise. The rest period between sets was 60 seconds. Various measures of external load 
are calculated as follows:

Back squat VL = 3 sets × 10 repetitions × 80 kg = 2,400 kg

Bench press VL = 3 sets × 10 repetitions × 60 kg = 1,800 kg

Total VL = 2,400 kg (back squat VL) + 1,800 kg (bench press VL) = 4,200 kg

= =Training intensity 6,500 lb (total VL)
25 reps (back squat) + 25 reps (bench press)

130 lb/rep

=
×

=Exercise density 6,500 lb (total VL)
9 total rest periods  180 sec

4.5 lb/sec

Training intensity 4,200 kg (total VL)
30 reps (back squat) + 30 reps (bench press)

70 kg/rep= =

Exercise density 4,200 kg (total VL)
5 total rest periods  60 sec

140 kg/sec=
×

=



Monitoring Training 263

INTERNAL TRAINING LOAD

Purpose
Internal training load provides a measure of the response to a training session.

Background and Approach
The athlete’s or client’s subjective perception of a training session provides a noninvasive way 
to measure internal training load that would otherwise require advanced wearable technology, 
blood samples, or an analysis of oxygen consumption.

When subjectively measuring internal training load, it is important that the athlete or client 
clearly understands the measurement scale, including its definition, rating system, meaning 
of the highest and lowest anchor values, and enough detail about the rest of the ratings to 
allow the athlete or client to accurately differentiate (and then choose) the values across the 
scale. It is also important that the athlete or client knows that there are no correct or incor-
rect responses because the information is specific to the individual. Furthermore, the athlete 
or client should be encouraged and be made comfortable to provide a truthful description of 
the internal training load.

Rating of perceived exertion (RPE) scales are commonly used to subjectively evaluate effort 
during a training session (16). The RPE is generally used to estimate the effort of the entire 
body that results from a combination of physiological (i.e., the lungs and the involved muscles) 
and psychological components. Several variations of RPE scales exist, but most use a rating 
of 0 or 1 to indicate no effort or doing nothing at all, and the highest rating, which varies 
depending on the scale, as maximum effort or unable to continue exercising. An example of 
a 10-point RPE scale is provided in figure 10.5.
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Figure 10.5 Rating of perceived exertion scale.

RPE values can be recorded within a training session at logical intervals, such as between 
drills or sets. Whenever possible, RPE should be used in conjunction with exercise HR to provide 
a multidimensional view of internal training load as they provide both subjective and objective 
feedback. Further, a comparison between the intended RPE designed into a training program 
by a coach or fitness professional and the actual RPE provided by the athlete or client during 
a training session is an effective monitoring tool that can help guide adjustments.

The coach or fitness professional can also ask the athlete or client to provide an RPE value 
that describes the overall training session or competition (called the session RPE) that can be 
multiplied by the duration of the activity or number of repetitions completed to determine 
the session load (18) as follows:
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Session load (in arbitrary units) = session RPE × activity duration in min

Session load (in arbitrary units) = session RPE × number of repetitions

Calculating session load allows for comparisons to be made between longer and shorter train-
ing sessions or workouts that contain greater or fewer repetitions in which an athlete or client 
reports similar session RPE values.

Although RPE was originally intended to estimate the effort of the entire body, it can also 
be used to identify the effort of different muscle groups or regions of the body. One approach 
is to provide the athlete or client with an anatomical diagram and ask him or her to provide 
an RPE for specific muscles to determine the perceived requirements of the training activity or 
competition (42). A labeled anatomical diagram is provided in figure 10.6 along with a blank 
muscle group RPE template in figure 10.7.

When it is important to monitor recovery within a session, a perceived readiness scale may 
be used to indicate how ready the athlete or client feels to continue training (15). Perceived 
readiness can be recorded between sets of repetitions or intervals, with the lowest rating of 1 
described as “fully recovered” and “able to exercise at maximal intensity” and the highest rating 
of 7 described as “exhausted” and “unable to exercise” (see figure 10.8). Taken together, RPE 
and perceived readiness provide information that the coach or fitness professional can use to 
assign appropriate work-to-rest ratios during a training session.

Alternatives or Modifications
The original RPE scale proposed by Borg featured a 6 to 20 rating system (6) that corresponded 
to the typical HR response during exercise when multiplied by 10 (i.e., 6 × 10 = 60 bpm indicat-
ing resting values and 20 × 10 = 200 bpm indicating maximal values). The 10-point RPE scale 
has also been expanded to a 100-point scale (5) that may be more intuitive because it can be 
presented as a percentage of maximal effort.

Research Notes
The use of RPE scales during resistance training has been shown to be related to load intensity 
(i.e., percentage of one-repetition maximum strength), while session RPE has been recommended 
to monitor training for a variety of activities and sports (24, 54).

Throughout a competitive season, elite soccer players reported significantly higher session 
load during matches (approximately 600 arbitrary units) compared to training after match day 
(<50 arbitrary units), which consisted of recovery interventions, as well as normal training days 
(approximately 200 to 300 arbitrary units) (57). As an indication of the tapering regimen, the 
session load progressively decreased by approximately 60 arbitrary units per day during the 3-day 
lead-up to a match (57). In contrast, elite male fencers reported higher session loads during training 
consisting of footwork (approximately 93 arbitrary units) and sparring (approximately 525 arbi-
trary units) as compared to competitions consisting of preliminary or poule rounds (approximately 
31 arbitrary units) and elimination or knockout rounds (approximately 137 arbitrary units) (59).

Greco-Roman wrestlers at the world championships reported an average overall RPE of 13.8 
(using the Borg 6 to 20 scale) during matches and the highest muscle group RPE values in the 
forearm flexors, deltoids, and biceps brachii that are consistent with the sport’s demand on the 
upper body (42). Comparatively, individuals who completed 12 sessions of slackline training 
(consisting of maintaining balance on an elevated polyester band anchored on both ends) over 6 
weeks stated an average overall RPE of 8.3 (using the Borg 6 to 20 scale) and the highest muscle 
group RPE values in the gastrocnemius, hamstrings, soleus, quadriceps, lumbar extensors, and 
tibialis anterior. This is consistent with the importance of the lower-body and postural muscles 
during this type of activity (51).

Division I collegiate hockey players completed a repeated sprint assessment on a nonmotorized 
treadmill consisting of five 45-second sprints designed to mimic line shifts, which were separated 
by 90-second recovery periods during pre- and postseason testing (30). The athletes reported 
lower perceived readiness ratings prior to sprints four and five along with decreased RPE fol-
lowing sprints three, four, and five at postseason compared to preseason testing (30). Both the 
perceived readiness and RPE ratings were shown to be related to performance variables, including 
average power and percent decline, during the repeated sprint assessment (30).
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Figure 10.6 Labeled anatomical diagram featuring specific muscle groups.
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Figure 10.7 Anatomical diagram for determining muscle group rating of perceived exertion (RPE).
From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019).
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Applied Examples
Following are three applied examples:

Scenario 1
Determine the session load for a soccer athlete reporting a session RPE of 4 (on a 1 to 10 scale) 
following a 90-minute training session:

Session load = session RPE of 4 × 90 min = 360 arbitrary units

Scenario 2
Determine the session load for a judo athlete reporting a session RPE of 8 (on a 1 to 10 scale) 
following a 5-minute match:

Session load = session RPE of 8 × 5 min = 40 arbitrary units

Scenario 3
Determine the session load for an athlete or client reporting a session RPE of 7 following a 
training session comprised of 50 total repetitions:

Session load = session RPE of 7 × 50 repetitions = 350 arbitrary units

Figure 10.8 Perceived readiness scale.
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PERCEPTUAL WELL-BEING

Purpose
Perceptual well-being measures provide an indication of how the training process is tolerated 
by the athlete or client.

Background and Approach
Although perceptual well-being and internal training load are both subjective measurements 
provided by the athlete or client, perceptual well-being aims to determine the broader impact 
of training activities on the life of the athlete or client rather than just the activities completed 
during a given training session.

Perceptual well-being measures can range from a single focused measure, such as sore-
ness or recovery, to a wellness inventory spanning several different aspects of the athlete’s or 
client’s life. One approach sums the individual ratings from the athlete or client’s subjective 
evaluation of overall sleep quality, muscle soreness, stress, and fatigue to determine a single 
index (referred to as the Hooper index when a 1 to 7 rating scale is used) (27). Figure 10.9 
provides an example of a wellness inventory questionnaire with lower ratings describing worse 
perceptual well-being and higher ratings describing better perceptual well-being. The value of 
this approach is that the coach or fitness professional can review both the individual contribu-
tions of the selected categories as well as the overall rating that can also be compared with 
other monitored factors to support or modify the current training program.

A single perceptual well-being measurement tool has been developed to evaluate an individ-
ual’s perceived recovery status (following a brief warm-up) to determine his or her performance 
potential during an upcoming training session (31). Figure 10.10 provides the perceived recovery 
status scale with 0 representing very poorly recovered or extremely tired and 10 representing 
very well recovered or highly energetic (31). Accordingly, athletes or clients reporting values 
between 1 and 3 might expect a decline in performance, those with values between 3 and 
7 might expect similar performance, and those with values between 7 and 10 might expect 
improved performance due to low, average, and high levels of recovery, respectively.

In addition to standardized numeric rating scales, visual analog scales (VAS) are sometimes 
used to record perceptual measures. A VAS is represented by a line with a predetermined 
length (100 mm, for example) with one end identified as the lowest possible rating and the 
opposite end as the highest possible rating (44). Soreness from delayed-onset muscle soreness 
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Figure 10.9 Wellness inventory for sleep quality, muscle soreness, stress level, and 
fatigue level.
From D. Fukuda, Assessments for Sport and Athletic Performance (Champaign, IL: Human Kinetics, 2019).
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(DOMS) can be monitored in this manner, with the left side of the scale representing no pain 
and the right side of the scale representing unbearable pain (29). The athlete or client is asked 
to make a mark along the VAS that identifies the current level of overall soreness. Then, the 
reported level of soreness is calculated as the distance (in mm) along the VAS relative to the 
total length of the line or is simply compared from one training session to the next. Figure 
10.11 shows a VAS with numbered ratings and pictorial references for muscle soreness. The 
VAS approach for soreness can also be extended to evaluate the lingering effects of previous 
training sessions on individual muscle groups in a similar way as providing specific ratings of 
perceived exertion of different muscle groups or body regions.

Alternatives or Modifications
Perceptual well-being measures can be expanded to a variety of different categories. For 
example, the total quality recovery scale covers the areas of self-reported nutrition and hydra-
tion, sleep and rest, relaxation and emotional support, and stretching and active rest. Figure 
10.12 features a 0 to 10 rating system with 0 indicating very, very poor recovery, 5 indicating 
reasonable recovery, and 10 indicating very, very good recovery (37).
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Figure 10.11 Visual analog scale (VAS) and modified scale with numbered ratings 
and pictorial references for muscle soreness.
Adapted by permission from M. McGuigan, Monitoring Training and Performance in Athletes (Champaign, IL: 
Human Kinetics, 2017), 92.
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Figure 10.12 Total quality recovery scale.

Research Notes
Subjective measures of well-being have been shown to reflect changes in both short-term and 
long-term training progressions (52). Decreased wellness ratings, consisting of self-reported 
measures of muscular soreness, sleep quality, fatigue, stress, and energy level, were reported 
to result in decreased external training load variables, including total high-speed distance and 
number of runs at maximal velocity during training in elite soccer players (33). Furthermore, 
well-being ratings were greatest on match days and appeared to drastically decrease for two 
days after matches, followed by increases until the next match (33).

Perceived recovery status has shown to be related to changes in the time needed to 
complete a series of high-intensity intermittent sprints and to be indicative of an individual’s 
ability to predict improvements or declines in subsequent performance (31). With respect to 
a high-volume resistance training session, perceived recovery status reportedly declined after 
48 hours (from 8.6 to 4.2 on a 0 to 10 scale) and was significantly related to creatine kinase, 
a blood marker of muscle damage (53). Interestingly, elite soccer players reported lower per-
ceived recovery scores (using a 0 to 6 scale, with 0 being not recovered at all and 6 being fully 
recovered) following night matches (score of approximately 1.9) compared to day matches 
(score of approximately 3.5) and training days (score of approximately 4.5) (20).

Soreness ratings using a VAS have been shown to differ during recovery from different 
types of resistance training sessions. A high-volume workout (8 sets of 3 repetitions at 90% of 
1-repetition maximum back squat) resulted in minimal changes from baseline (3). On the other 
hand, a high-intensity workout (8 sets of 10 repetitions at 70% of 1-repetition maximum back 
squat) resulted in significant values for three days postexercise in previously trained men (3).

Applied Examples
Following are two applied examples:

Scenario 1
Determine the wellness index for an athlete or client with potentially suboptimal values.
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Determine the wellness index for an athlete or client with potentially optimal values.

Scenario 2
VAS score reported the day after training session A:

Figure 10.13 Sample wellness index: suboptimal values.
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PHYSICAL READINESS

Purpose
Physical readiness provides a measure of how prepared the athlete or client is to perform in an 
upcoming training session.

Background and Approach
Physical readiness assessments are typically nonfatiguing tests that can be performed quickly 
before a training session. The selected assessments should be standardized so the results can 
be easily compared to the athlete’s or client’s previous results or a group of athletes or clients. 
Furthermore, coaches or fitness professionals may need to rely on their own expertise and per-
ception to determine how large of a change in day-to-day physical readiness requires an altera-
tion in the training program. The two approaches in this section include preworkout power or 
speed testing (with a comparison to typical values) and the athlete’s or client’s HR response to 
submaximal exercise.

Using power or speed testing to determine physical readiness is based on a comparison of an 
athlete’s or client’s preworkout maximal power or speed to his or her previously tested power 
or speed to evaluate the percentage of typical capacity. The formula for interpreting physical 
readiness will differ depending on if higher or lower values are considered optimal performance. 
For jump height or power, where decreased capacity would be indicated by lower values, the 
following formula is used:

For sprint speed where decreased capacity would be indicated by longer sprint times, the 
following formula is used:

In general, measured daily values that are close to typical capacity indicate a more physically 
ready athlete who is well prepared for the upcoming training session.

A variety of power assessments are provided in chapter 7. While most power tests may be 
adapted for the purpose of evaluating physical readiness, the most straightforward are probably 
distance-based assessments such as vertical jump, broad jump, or medicine ball throws. Similarly, 
short-distance (typically ≥30 m [or yd]) sprint times using the straight-line sprint testing protocol 
provided in chapter 6 may yield additional insight into daily variations in physical readiness (22, 40).

Submaximal HR response testing requires the completion of a standardized training activity 
from which a typical HR response for an athlete or client is already known. The evaluation could 
also serve as a warm-up routine prior to a training session. This can be as simple as having the 
athlete or client run for 5 minutes at a set submaximal speed such as 9 km/h (5.6 mph) with a 
seated HR assessment immediately after the test and again at 60 seconds during the recovery 
(9). The absolute HR recovery can then be calculated using the following formula:

Absolute HR recovery in bpm = HR immediately after the test – recovery HR

If the athlete’s or client’s maximal HR is known, it could be used as a reference and the minute 
five HR (i.e., the HR immediately after a five-minute submaximal run) can be divided by this value 
to determine the percentage of the individual’s typical maximum HR (10), as follows:

= ×Percentage of typical capacity measured jump
typical jump

100

= ×Percentage of typical capacity typical sprint
measured sprint

100

=Postexercise HR as % of max min 5 HR
maximum HR
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The running speed during the five-minute submaximal run can be set using a series of prere-
corded beeps or a timing system indicating that the athlete or client has covered a specific distance 
within a given time frame using the following values:

For 9 kilometers per hour
20 meters every 8 seconds
50 meters every 20 seconds
100 meters every 40 seconds

Alternatively, a treadmill can be used by setting the desired speed. Also, a cycling protocol 
has been developed with the athlete biking for 5 minutes on a stationary bike at 130 watts while 
pedaling at 85 revolutions per minute (58).

A few submaximal tests in chapter 9 involve measuring exercise HR during the assessment, such 
as the 45-second squat test and submaximal rowing ergometer test; however, most standardized 
activities may be modified to determine physical readiness. A common approach is to use sub-
maximal versions of the Yo-Yo intermittent running level one (IR1) and level two (IR2) tests. The 
submaximal versions of the Yo-Yo IR1 consist of completing just the first 6 minutes of the protocol 
(following stage 6 at 14.5 km/h) and measuring the individual’s HR while in a standing position 
immediately after finishing the test and again at 90 seconds or 120 seconds of recovery (46). The 
HR recovery percentage can then be calculated using the following formula:

If the athlete’s or client’s typical maximal HR is known, it can be used as a reference, and the 
minute six HR can be divided by this value to determine the percentage of the individual’s maxi-
mum HR (38), as follows:

The submaximal version of the Yo-Yo IR2 consists of 18-meter laps rather the standard 20-meter 
laps and completing just the first 4 minutes of the protocol with the individual’s standing HR taken 
immediately after finishing the test and again at 120 seconds or 180 seconds of recovery (60). The 
HR recovery percentage can then be calculated using the following formula:

Research Notes
Countermovement jump height can be used to monitor neuromuscular function throughout peri-
ods of training (13). (Note, though, that the coach or fitness professional should use the average 
of several jumps rather than a single best jump from a single testing session (13).) For example, 
countermovement jump height has been shown to decrease in response to both separate six-day 
strength training (approximately 93.6% of maximum) and high-intensity interval training (approxi-
mately 91.6% of maximum) protocols before returning to baseline following three days of recovery 
(48, 61). Declines in countermovement jump height 24 hours after a soccer match are related to 
the number of hard changes in direction during match play, and values did not return to baseline 
within the 3-day period examined (41). Youth rugby players showed consistent declines in coun-
termovement jump height (approximately 85.4% from reference values) over a 7-week competitive 
period demonstrating an accumulation of fatigue over the course of approximately 10 matches 
(45). These declines in countermovement jump height may indicate that the physical readiness of 
the athlete or client was compromised compared to typical, nonfatigued performance capabilities.

Exercise HR following a five-minute submaximal run has shown to differentiate between youth 
soccer athletes with higher (lower minute five HR) and lower (higher minute five HR) cardiore-
spiratory fitness, while HR recovery was significantly related to repeated sprint performance (11).

Submaximal Yo-Yo IR1 postexercise HR as a percentage of maximum has been shown to be 
related to high-intensity running during a soccer match, with lower values indicating the potential 

= − ×HR recovery % min 6 HR  recovery HR
min 6 HR

100

= ×Postexercise HR as % of max min 6 HR
maximum HR

100

= − ×HR recovery % min 4 recovery HR
min 4 HR

100

For 5.6 miles per hour
20 yards every 7.3 seconds
50 yards every 18.3 seconds
100 yards every 36.5 seconds
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for greater distances covered at higher speeds (2). HR measured in soccer athletes after the sub-
maximal Yo-Yo IR1 was 176 beats per minute during preseason and dropped to between 166 and 
169 beats per minute throughout the regular season (38). This finding coincided with a decrease in 
postexercise HR as percentage of maximum from preseason (approximately 97%) to the beginning 
of the competitive period (approximately 87%), denoting improved cardiovascular fitness during 
the preparatory period (38).

Applied Examples
Following are five applied examples:

Scenario 1
Determine the percentage of maximum jump height for an athlete or client with a typical coun-
termovement jump height of 82 centimeters and who jumps 78 centimeters during a preworkout 
countermovement jump assessment:

In this scenario, the athlete or client jumped at 95 percent of his or her typical capacity, which 
could also be interpreted as being a 5-percent lower jump height than on a typical day.

Scenario 2
Determine the percentage of maximum sprint time for an athlete or client with a typical 30-meter 
sprint time of 4.5 seconds and who runs a preworkout 20-meter sprint in 4.8 seconds:

In this scenario, the athlete’s or client’s 20-meter sprint speed is 93.8 percent of his or her typical 
capacity, which could also be interpreted as taking 6.2 percent longer to cover the desired distance.

Scenario 3
Determine the HR recovery and postexercise HR for an athlete with a known maximum HR of 202 
beats per minute and who has a HR of 172 beats per minutes immediately following a 5-minute 
run at 9 km/hr (5.6 mph) and a HR of 118 beats per minute after 60 seconds of recovery:

Absolute HR recovery = 172 bpm (min 5 HR)  118 bpm (recovery HR) = 54 bpm

Scenario 4
Determine the HR recovery and postexercise HR for an athlete with a known maximum HR of 198 
beats per minute and who has a HR of 170 beats per minutes immediately following a 6-minute 
submaximal Yo-Yo IR1 and a HR of 105 beats per minute after 90 seconds of recovery:

Scenario 5
Determine the HR recovery for an athlete who has a HR of 175 beats per minutes immediately 
following a 4-minute submaximal Yo-Yo IR2 and a HR of 110 beats per minute after 90 seconds 
of recovery:

= × = 95.0%% of typical capacity 78 cm (measured jump)
 82 cm (typical jump)

100

= × = 93.8%% of typical capacity 4.5 sec (typical sprint)
 4.8 sec (measured sprint)

100

= = .1%Postexercise HR as % of max 172 bpm (min 5 HR)
 202 bpm (maximum HR)

85

= × = .4%Postexercise HR as % of max 147 bpm (recovery HR)
 198 bpm (maximum 6 HR)

100 86

= − × = 38.2%HR recovery % 170 bpm (min 6 HR) 105 bpm (recovery HR)
 170 bpm (min 6 HR)

100

= − × = 37.1%HR recovery % 175 bpm (min 4 HR) 110 bpm (recovery HR)
 175 bpm (min 4 HR)

100
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A
abdominal circumference  61f, 67f, 68f
absolute strength  34, 166, 172
acceleration  33
ACL (anterior cruciate ligament) tears  

6, 146
AED (automated external defibrilla-

tor)  28
aerobic capacity  4, 5, 34, 209
age-predicted maximal heart rate  255
agility  33, 107
alpine skiers, aerobic capacity  237f
anaerobic tests  33
anterior cruciate ligament (ACL) tears  

6, 146
anthropometrics  5, 32

assessments  53
of gymnasts  62
measurement equipment  19-20

apparel  25-26
arm circumference  61f, 66f, 67f
assessment. See also implementation

baseline  3, 6, 40
breadth  11
for decision making  4, 7
depth  11
follow-up assessments  7, 13, 35, 40, 

251
motivating with  11
one-and-done approach  7
parsimony in  5
and performance outcomes  5
redundancy issues  31
relevance  8, 30, 31f
repeatability  29
selection process  29, 34-36
specificity  12, 36-37
standard protocols  17, 43, 50
usefulness of  4
validity  38-39

athletes. See also youth
constraints  37-38
educating  5-6
fitness profiles  40
monitoring  34
needs of  29-30
staging  39
talent  9-10

athletic potential  5

Australian Institute of Sport  10
automated external def ibr i l lator 

(AED)  28

B
back-saver sit-and-reach  79
back-scratch test  82-84
back squat

one-repetition maximum  167, 171, 
173f

three-repetition maximum  176-177, 
180f

backward overhead medicine ball 
throw  153-155

balance  32-33, 77
balance error scoring system (BESS)  

99-103
ballet dancers, balance  33
barbells  20, 21
baseball players

fielding performance  109
medicine ball throw  157
sprint times  122f
vertical jump  139f

baseline measurements  3, 6, 40
basketball players

agility  117
braking force production  112
Yo-Yo intermittent recovery test  

222, 224f
beep test  210-217
bell-shaped curve  8, 9
benchmark data  7, 29
bench press

one-repetition maximum  169, 171, 
173f, 174f, 175f

three-repetition maximum  176-177, 
180f

throw test  148
   YMCA  204-207
bench pull

one-repetition maximum  170, 171, 
174f

three-repetition maximum  176-177, 
181f

bent-arm hang. See flexed-arm hang
bent-knee sit-ups  193, 195
BESS (balance error scoring system)  

99-103
bioelectrical impedance analysis  20, 

73-75

bodybuilders  71, 72f
body composition  19, 32, 53
body fat percentage

estimating from skinfold thickness  
70-71

men across lifespan  74f
   women across lifespan  75f
body mass index  54, 55

classifications  56t
nomogram for  56f
normative data  58-59f

body weight
classifications  57f
maintenance  256-257
measurement  19, 54
and relative strength  172
terminology  32

body weight squat  247f
bridge

prone  188, 189, 190f
side bridge  91, 95-96f

broad jump. See standing long jump
budgetary considerations  13

C
calf circumference  61f, 65f, 66f
cardiopulmonary resuscitation (CPR)  

28
cardiorespiratory fitness  34, 209
carotid artery  254
clients

buy-in from  5
constraints of  37-38
demographics  8-9
educating  5-6
fitness profiles  40
monitoring  34
needs of  10, 29-30
staging  39
using the PDCA cycle  7-8

clothing  25-26
coaches

and athlete demographics  9
foundational knowledge  12
needs of  30
responsibilities  4
using the PDCA cycle  7-8
of youth  9

coaching  4

Note: The italicized f and t following page numbers refer to figures and tables, respectively.
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cognitive impairment  77
concurrent validity  38
concussions  77, 102
constraints

environmental  38
to implementation  12-13
individual  37-38
task  12, 38

contact mats  23
continuous improvement  6, 11
countermovement jump. See vertical 

jump
CPR (cardiopulmonary resuscita-

tion)  28
cricket players, throwing velocity  157
cross-country skiers, backward throw  

155f

D
data collection  18f
decision making  4, 7, 11, 30
dehydration  256, 257, 259-260
discriminant validity  38
distance-based walk/run tests  226-230

one-mile run/walk times  231f
1.5 mile run/walk times  232f
two-mile run/walk times  233f

dynamic stretching  132

E
eccentric utilization ratio  138, 140f
ecological validity  38
educational data  5-6
electronic devices  19, 28
electronic instruments  19
emergencies  28
endurance performance  5. See also 

aerobic capacity
energy systems  36-37
environment

conditions  28, 259
constraints  38
space  28
for testing  12-13, 28

equilibrium  43
equipment

adjustability  17-18
for anthropometric measurement  

18-20
calibration  27
cost-benefit trade-off  16
and data generalizability  16-17
design factors  17-18
for distance measurement  22
for emergencies  28
and environmental conditions  28

global positioning system devices  
23-24

gravity-based  22
heart rate monitors  23-24
instruments  25
for length measurement  22
maintenance of  27
for measuring power  15
and performance measurement  

15-16
questionnaires  25
for resistance exercises  20-21
rowing ergometers  24
safety checklist  27
standardization  16
storage  28
timing devices  22-23
treadmills  24
types  15, 18
wearable devices  261

evaluators  17, 25
exercise density  261
explosiveness  5, 6, 33, 133
external training load  251, 252f, 

261-262

F
facilities

amenities  15, 28
limitations  38
resources  11, 13, 30
safety checklist  27
space  28

familiarization  42-43
fat-free mass  32, 71
fatigue

and hydration  6
measurements  6
ratings  267
residual  4

fat mass  71
feedback  5-6, 7
field tests  5, 38
figure skaters, agility  119
financial considerations  13
firefighters

pack hike test  190
   step test  239
first aid  28
fitness professionals

foundational knowledge  12
needs of  30
personal approaches  3
using the PDCA cycle  8

fitness profiles  40
5-10-5 test  108-110

flexed-arm hang  188, 189, 190f, 191f
flexibility  32-33, 77
fluid loss evaluation  258-260
flying sprint  121, 122f
follow-up assessments  7, 13, 35, 40, 

251
football players. See also National 

Footba l l  League Scout i n g 
Combine

half-squat endurance  190
position-specific testing  38, 160
sprint times  123f
stair sprint test  160
vertical jump  138f

footwear  25
Forestry step test  239
45-second squat test  246-250
forward overhead medicine ball throw  

149-152
free weights  20, 21
functional reach test  97-98

G
global positioning system (GPS) 

devices  23-24
glycolytic system  37
goals  6, 7, 11, 29
golfers

chest pass  148
rotating throw test  157
trunk rotation  89

GPS (global positioning system) 
devices  23-24

Gulick attachment  19
gymnasts

anthropometrics  62
low-back pain  92
overhead throw  155f

H
half-squat  188, 189, 191f
handgrip dynamometers  22
handgrip strength test  16-17, 182-187
head injuries  77, 102
health risk classification  53, 54, 60, 

63f, 64f
heart rate

maximal  255
measurement  254-255, 261
monitors  23-24
recovery  272, 274

height  18, 26, 55
hexagon agility test  118-119
high school athletes  5. See also youth

bench press  173f
T-test  113f
vertical jump classifications  138f
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hockey players
flexibility  79
muscular endurance  34
stair sprint test  160

homeostatic conditions  43
Hooper index  267
hydration status  6, 256-257. See also 

fluid loss evaluation
hypermobility  32
hyponatremia  256

I
implementation

barriers to  11
budgetary considerations  13
constraints  12-13
ease of  30-31
needs-based approach to  10-11
resources  11
and specificity  12
sustainability  13
timing  13

improvements  6, 11, 30, 35, 43
individual constraints  37-38
injury

ACL tears  6, 146
and flexibility  32, 77
head  77, 102, 105
preexisting  38, 42
prevention  4, 6
recovery  77
return-to-play  77
risk  33, 34, 38, 132, 190

instruction-giving  17, 43
internal training load  251, 252f, 

263-266
isometric strength  34

J
joint laxity  77

L
laboratory testing  12, 38
lateral symmetry index  146
law of briefness  5
learning curve  31
learning effect  43
leg press  168, 171, 174f, 175f
low-back pain  79, 92
lumbar stability tests  90-96

M
Major League Baseball, vertical jump  

139f
Margaria-Kalamen test  159-161
marginal gains  30
martial arts  33

maximal aerobic capacity
tests  209

   values by sport  225t
maximal handgrip strength test  

182-187
maximal heart rate  255
maximal oxygen uptake. See maximal 

aerobic capacity
maximal speed  33
measuring tapes  19, 22
medicine ball tests

backward overhead throw  153-155
chest pass  147-148
forward overhead throw  149-152
hitter’s throw  157

mental preparation  253
metronomes  23
midparental height  26
military  86, 132, 190, 196, 229. See 

also Navy Physical Readiness 
Test

modified pull-up  195
modified push-up  193f
monitoring  34, 251
motivation  11
movement patterns  36
multiple-repetition maximum strength

normative data  178, 180-181f
predicting one-repetition maximum  

177-178, 179f
   test  176-177
muscle soreness  267, 268, 269
muscular endurance  34, 165

dynamic tests  192-203
static tests  188-191

muscular imbalances  4, 6
muscular strength  33-34, 165

N
National Basketbal l Association, 

vertical jump  139f
National Collegiate Athletic Associa-

tion
5-10-5 test  109f
300-yard shuttle run  132f
T-test classifications  113f
vertical jump classifications  139f

National Football League Scouting 
Combine

bench press test  34
5-10-5 test  110f
sprint times  124f
standing long jump  143f
three-cone drill  115f
vertical jump classifications  140f

Navy Physical Readiness Test  196

push-ups  201-202f
   sit-ups  202-203f
needs assessment  29-30
nomograms  26-28
normative data

availability  16, 40
for comparisons  4-5

O
off-season training  6
Olympic lifting  33, 154
one-mile run/walk times  231f
1.5 mile run/walk times  232f
one-repetition maximum (1RM)  165, 

166, 171
absolute versus relative strength  

172
back squat  167, 173f
bench press  169, 173f, 174f, 175f
bench pull  170, 174f
estimating percentage  171, 172t
leg press  168, 174f, 175f
predicting from RM test  177-178, 

179f
opportunities. See SWOT analysis
organizational support  38
overhead athletes  150
overhead throwing

backward  153-155
forward  149-152

P
PACER  210-217
pacing strategies  43
parallel stance test  99, 101f
paralysis by analysis  12
PAR-Q+(Physical Activity Readiness 

Questionnaire)  42, 44-47f
parsimony  5
partia l curl-ups  192, 193f, 195, 

198-199f, 203f
PDCA (Plan-Do-Check-Act) cycle  6-8
peer review  25
perceived readiness scale  266f
perceived recovery status  268f, 269
perceptual well-being  252, 253

assessment  267-271
   decision matrices  252f
performance

measurement  15-16, 29
prediction  5, 10

phosphagen system  37
Physical Activity Readiness Question-

naire (PAR-Q+)  42, 44-47f
physical examinations  41-42
physical readiness  252, 253, 272-274
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Plan-Do-Check-Act (PDCA) cycle  6-8
plank  188, 189, 190f
plyometric training  138
postexercise heart rate  272, 274
postseason  13, 40
postural stability  62
power  15, 33, 133
power racks  21
practice tests  42
precision  39
prediction

equations  26, 74
   of performance  5, 10
preexisting conditions  42
prehabilitation  4, 6
preparticipation screening  41-42
preseason  40
pretesting guidelines  43
preworkout power  272
pro agility  108-110
progression  3, 4, 6, 40, 251
prone bridge. See plank
protocols  43, 50
pull-ups  193, 194f, 195
pulse count  254
push-ups

adults  198f
modified  193
Navy Physical Readiness Test  

201-202f
protocol  192
youth  197f

Q
Queens College step test  238, 239
questionnaires  25

R
radar charts  40, 41f, 42f
radial artery  254
rate of force development  33
rating of perceived exertion (RPE)  25, 

263f, 264, 265f
rating systems  25
RCOD (repeated change-of-direction) 

test  128-130
record keeping  18
recover y status. See  perceived 

recovery status
redundancy  31
relative strength  34, 166, 172
reliability  39
repeatability  29
repeated change-of-direction (RCOD) 

test  128-130

repeated sprint ability (RSA) test  
125-127

resistance training  20-21, 262
resources  11, 13
return-to-play  77
RM strength test. See multiple-

repetition maximum strength
rotating medicine ball throw  156-158
rowing ergometers  24
rowing ergometer tests

peak power  162-164
   submaximal  242-245
RPE (rating of perceived exertion)  

263f, 264, 265f
RSA (repeated sprint ability) test  

125-127
RSA/RCOD index  129
Ruffier-Dickson Index  247-249
Ruffier-Dickson test  246-250
rugby players

bench press test  205
Ruffier-Dickson Index  249
tackling ability  178
vertical jump height  273
Yo-Yo IR2 scores  222

run tests. See distance-based walk/
run tests; sprinting; time-based 
walk/run tests

S
safety  22, 27
scientific method  4, 6
scripts  17, 43
segmental circumferences  60-62

abdomen  67f, 68f
anatomical sites for  61f
arm  66f, 67f
calf  65f, 66f
thigh  64f, 65f
waist-to-hip ratio  62, 63f, 64f

self-reporting  25, 34
sequencing  39
session RPE  263, 264
shoulder elevation test  85-86
shoulder flexibility  82
shuttle run  210-217
side bridge  91, 95-96f
single-leg stance test  100, 101f
single-leg triple hop test  144-146
sit-and-reach test  22, 23f, 78-81
sit-ups

bent-knee sit-ups  193, 195
Navy Physical Readiness Test  202f, 

203f

partial curl-ups  192, 193f, 195, 
198-199f, 203f

   youth classifications  199-201f
skinfold assessment  69-72
skinfold calipers  19-20, 70
sleep quality  267
soccer players

overhead throwing  150, 151f, 152f
repeated change-of-d i rect ion  

129-130
sprint ability  126f, 127f
T-test classifications  113f
Yo-Yo intermittent recovery test

222, 223f
specificity  12, 36-37
speed  33
speed testing  272
spider plots  40, 41f, 42f
Sport Concussion Assessment Tool, 

3rd Edition (SCAT3)  102
sport context  36, 37, 38
Sports Draft  10
sport-specific testing  12
sprinting tests  107
squat jump test  136
squats

cardiorespiratory f itness test  
246-250

dynamic muscular endurance test  
192, 194f, 196, 203f

stadiometers  19f
stage shuttle run  210-217
staging  39
stair sprint power  159-161
standardization

equipment  16
   protocols  17, 43, 50
standing height. See height
standing long jump  141-143
standup paddle boarders, plank 

endurance  189
static muscular endurance  188-191
step test  238-241
stopwatches  22
straight-line sprint  120-124
strength. See muscular strength
strengths. See SWOT analysis
stress levels  267
stretching  43
stretch-shortening cycle  138
subjective measurement  263, 269
submaximal HR response testing  209, 

272-273
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submaximal rowing ergometer test  
242-245

submaximal step test  238-241
sweat rate  258, 259f, 260
SWOT analysis  13-14

assessment selection  34-35
external factors  35-36
internal factors  35

T
Tai Chi practitioners  89
talent

development  9, 10
evaluation  9
identification  9, 10
selection  10
transfer  9, 10

tandem gait test  104-105
tandem stance test  100, 102f
task constraints  12, 38
technology  13, 15, 16, 28, 261. See also 

equipment
tennis

backward overhead throw  154f
forward overhead throw  150, 151f
rotating throw test  157, 158f
testing battery for  37

testing batteries  37, 39
thigh circumference  61f, 64f, 65f
threats. See SWOT analysis
three-cone drill  114-115
300-yard shuttle run  131-132
throwing tests. See overhead throwing
time-based walk/run tests  234-237
time motion analyses  37
timing

of assessments  40
   measurement equipment  22-23
total body rotation  87-89
total quality recovery scale  268, 269f

track athletes, body mass index  55
training intensity  261
training load  251, 252f
training programs

client buy-in  5
design  6
revision  3, 6, 36
using PDCA cycle  8

training volume  261
treadmills  24
trunk

extension test  90, 93f
flexion  91, 94f
rotation  87-89

T-test  111-113
12-minute walk/run test  234-236,

236f, 237f
20-meter multi-stage shuttle run

210-217
20-yard shuttle run  108-110
two-mile run/walk times  233f

U
urine color  256

V
validity  38-39
vertical jump

baseball  139f
classifications  139f, 140f
equipment  22, 23f
high school athletes  138f
for  neu romuscu la r  f u nct ion 

monitoring  273
   test  134-140, 273
visual analog scales  267, 268f, 270-271f
V
.
O

2
max. See maximal aerobic capacity

volleyball players
agility  112
overhead throwing  150, 151f, 154

W
waist-to-hip ratio  62, 63f, 64f
walk tests. See distance-based walk/

run tests; time-based walk/run 
tests

wall-sit. See half-squat
warm-up routines  43, 48-49t, 132
weaknesses. See SWOT analysis
weight. See body weight
weightlifting equipment  21
weight scales  18-19
well-being. See perceptual well-being
wellness index  270f
wellness inventory  267f
wrestlers

body composition  32, 74
overhead throw  154

Y
YMCA bench press test  204-207
YMCA step test  238, 239, 241f
youth. See also high school athletes

academic performance  229
coaches  9
frequency of evaluation  40
handgr ip strength  183-184f, 

185-186f
one-mile run/walk times  231f
push-ups  197f
shuttle run  214-216f
sit-ups  199-201f
sprint times  121f, 122f, 123f
standing long jump  142f, 143f
12-minute walk/run test  237f
vertical jump  138f

Yo-Yo intermittent recovery test  
218-225, 273-274

Y-shaped reactive agility test  116-117
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www.HumanKinetics.com/CE-Exam-Access
for complete instructions on how to access your exam.  

Take advantage of a discounted rate by entering  
promo code ASAP2019 when prompted.

Congratulations on successfully preparing  
for this continuing education exam! 
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