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INTRODUCTION

Plyometric exercises are one technique used by
athletes to increase maximal power output and jumping
ability in sports. Plyometric training is an established
technique for enhancing athletic performance but may also
facilitate beneficial adaptations in the sensorimotor
system that enhances dynamic restraint mechanisms and
corrects faulty jumping or cutting mechanics, thus reducing
the chance for lower extremity injury such as Anterior
Cruciate Ligament tears.’

One of the primary training goals of plyometric
exercises 1s to increase maximal power output and jumping

ability.?™*

Using plyometric training in a safe and correct
manner has been shown to produce many positive results such
as increased jump height, development of muscle power, and
increase muscular endurance.!’?

Coaches may be aware of plyometrics and how they can
be used to help benefit athletes, but may not know how to
perform them safely and implement them effectively into

their team workouts. There are multiple training programs

that are readily available to high school coaches, but an



exhaustive search of the literature examining the extent at
which coaches use plyometrics effectively and safely when
training their athletes is still widely unknown.?
Plyometric training is based on the Stretch Shortening
Cycle. (SSC) When muscles undergo rapid eccentric elongation
just before rapid concentric contraction it is known as the
stretch-shortening cycle (SSC).>'° The muscle is essentially
stretched while loaded, resulting in greater force
generated during a subsequent concentric contraction from a
static position®?. The rapid change in contraction allows for
better performance such as increased vertical jump height
and power output. If a muscle has the ability to adapt to
the SSC it enables the individual performing the action to
generate greater power.6 The Stretch-Shortening Cycle is
important to athletes because generating a greater amount
of power can have positive effects on athletic performance
such has increased vertical jump and faster sprint speed.
For coaches to effectively implement plyometric
training with their athletes they must address several
important training factors. Two major factors in
determining the success of a plyometic training program is
progression and recovery. A few common signs that an
individual may not be ready to progress within their

program are: 1) .If the athlete shows extensive bending at



the waist or their torso produces excessive forward flexion
or lateral bending, more core work may be needed; and 2).

If the athlete exhibits prolonged contact with the floor,
they may not have the overall body strength and power
necessary to proceed.’ If the athlete's knees are collapsing
towards each other producing genu valgus, this may mean
lack of quadriceps strength. This can occur on landing
during the eccentric contraction or on push-off of the
concentric phase. If the level of exercise is not

decreased, these movements can lead to joint pain,
tendinopathies, excessive muscle fatigue of the legs, and a
decreased demonstrated ability to explode. Without allowing
for proper recovery, fatigued muscles will cause the
athlete to have poor and improper exercise techniques which
may lead to injury. It is crucial an individual’s

techniques are performed properly to avoid injury.
Additionally, it is crucial that recovery time is adequate,
otherwise the athlete may become susceptible to

overtraining.8

In a recent study performed by Luebbers and
Potteiger, the importance of a recovery period following a
plyometric program was examined. The study showed when
participants were allowed four weeks to recover, that

period of recovery had a powerful effect upon performance.

It is unclear if the results would have increased more with



a longer recovery, but it is clear that a recovery period
should be included following a plyometric training program
to achieve maximum results.®

Intensity also plays a crucial role in plyometric
exercise. In plyometrics, the intensity of a training
session is determined by the exercises that are being
performed or the rate of the SSC. Plyometric exercises can
range from within a wide variety of intensities. Exercises
such as core twists would be fairly low in intensity while
box depth jump exercises would be very high in intensity.
Lastly, volume is a vital piece of information crucial to a
successful plyometric program.'

Volume in plyometric exercises is determined by the
number of foot touches within a training period. Foot
touches may vary due to participant’s age, gender, or
experience. Volume measured in foot touches is inversely
related to training intensity. The more foot touches per
workout, the lower the intensity should be and the less
foot touches per workout, the higher intensity. Therefore,
low intensity programs will consist of about 400 foot
touches per workout while high intensity workouts consist
of anywhere from 250- to 300 foot touches.'?

Plyometric exercise has been proven to increase

muscle output, power, endurance, and vertical jump height



as well as decrease the risk of injury.l'4

The purpose of
this study is to examine high school coaches’ level of
knowledge of plyometric training. Plyometric training that

is done incorrectly can result in injury and/or have

negative effects on performance.



METHODS

The purpose of this study was to determine high school
coaches’ knowledge of plyometric exercise. This section
includes the following subsections: Research Design,
Subjects, Preliminary Research, Instruments, Procedures,

Hypotheses, and Data Analysis.

Research Design

A descriptive design was used in this study with data
collected via a web based survey. The primary purpose of
this study was to examine the knowledge of plyometric
exercise amongst high school coaches. The dependent
variable of this study was coaches’ knowledge of plyometric
exercise. The independent variables of this study include:
the coaches gender, the gender of the sport they coached,
and their age.

A strength of this study is content validity was
established for the survey after a review by a panel of
experts. Limitations of this study are only high school
coaches in Pennsylvania were survey, the survey cannot be

distributed directly to high school coaches in the



Pennsylvania Interscholastic Athletic Association (PIARA),
and the survey was not generalized to the entire population

of coaches in the United States.

Subjects

Subjects in this study were composed of high school
coaches in the Pennsylvania Interscholastic Athletic

Association (PIAA) throughout the state of Pennsylvania.

Preliminary Research

Prior to distribution of the survey to subjects, the
survey was completed by 6 coaches at the collegiate level
to determine reliability. A Pearson Product moment
correlation was performed to determine correlation
coefficients for each question as well as the survey as a

whole.

Instruments

The Knowledge of Plyometric Training Survey (Appendix

C4) was used in this study. The survey was developed by the

researcher to determine knowledge of plyometric training



amongst high school coaches. The survey consists of ten
demographic questions and twenty questions pertaining
specifically to plyometric training. These questions were

based on published literature on plyometrics.

Procedures

Approval from California University of Pennsylvania’s
Institutional Review Board for Protection of Human Subjects
form (Appendix C2) was obtained prior to data collection.
The survey was read for content and faced validity by a
group of experts in the field of athletic training. The
following procedure was followed to distribute:

1. An email containing a cover letter explaining the
study with a link to the survey was emailed to the
executive director of the PIAA.

2. The executive director forwarded the cover letter and
link to surveymonkey™™ to all athletic directors within
the PIAA.

3. Athletic directors then forwarded the email to their
respective high school coaches.

4. High school coaches had 4 weeks to complete the online

survey.



5. Reminder emails were sent at week 2 to remind the
coaches to complete the survey.
Once the data collection was complete, the researcher

downloaded the data to SPSS 18.0 for data analysis.

Hypotheses

The following hypotheses are based upon previous
research after a review of the literature.

1. There will be no significant difference in plyometric
knowledge test scores between coaches of different
gender at the high school level.

2. There will be no significant difference in plyometric
knowledge test scores between coaches of female versus
male sports at the high school level.

3. There will be no significant difference in
plyometric knowledge test scores between coaches

based on number of years coaching.

Data Analysis

The first two hypotheses were measured using a one-way

T- Test while the second two hypotheses were tested through



the use of ANOVA. For all hypotheses alpha was set at a p

<.05.
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RESULTS

The purpose of this study was to determine
Pennsylvania high school coaches’ knowledge of plyometic
exercise. Data was collected via an online survey using
Surveymonkey™ and was accessible for four weeks for all
coaches within the Pennsylvania Interscholastic Athletic
Association (PIAA). This section has been divided into the
following sections: reliability testing, demographics and

hypothesis testing.

Validity

The High School Coaches’ Knowledge of Plyometric
Exercise survey was reviewed for face and content validity
by a group of experts from University of Maine at Presque

Isle and California University of Pennsylvania.

Reliability testing

The High School Coaches’ Knowledge of Plyometric

Exercise survey was created by the researcher based on

previous surveys and literature pertaining to plyometric

11
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exercise. Reliability of the survey instrument was
obtained through the use of six collegiate coaches at
California University of Pennsylvania. The survey was
administered twice and received equal responses after the
second administration 2 weeks later. The Data was
consistent when analyzed by the researcher and deemed
reliable. With a Pearson Product moment correlation
coefficient (r(6)=.984, p<0.05), indicated a significant
linear relationship between the two tests and a strong
positive correlation. This is shown in table 1 below.

Table 1. Initial and follow up test scores

Source Pre Post
Initial Person 1 .984~*
Correlation
Sig. (2- 1 .000
tailed)
N 6 6
Follow up Person .984* 1
Correlation
Sig. (2- .000
tailed)
N 6 6

**Correlation is significant at the 0.05 level (2-tailed)

A Cronbach’s Alpha scale was also used to test

reliability for this survey. A score of .670 was found.
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Demographic Data

The director of the PIAA forwarded a link of the survey to
all coaches in the PIAA. Total number of surveys sent was
unattainable due to third party distribution. One hundered
fourty-nine coaches logged onto survey monkey and submitted
a survey, however, due to incomplete data, 82 surveys were
used for the first hypothesis, 78 surveys were used for the
second hypothesis and 88 surveys were useable for the third

hypothesis.

Hypothesis Testing

The first two hypotheses were measured using a one-way
T- Test while the second two hypotheses were tested through
the use of ANOVA. For all hypotheses alpha was set at a p

<.05.

Hypothesis 1. There will be no significant difference in
plyometric knowledge test scores between coaches gender at
the high school level.

Conclusion: An independent-samples t test was calculated
comparing the mean score of participants who identified

themselves as male (n=62) to the mean score of participants
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who identified themselves as female (n=20). No significant
difference was found. The difference between the mean score
of the male group (m=6.76, sd=+3.486) was not statistically
significant from the mean of the female group (m=6.75,
sd=%x2.403, p=.188 p<0.05). Table 2 shows the mean scores

between coaches gender.

Table 2. Mean scores between coaches gender

Std. P-Value
Gender N Mean Deviatio

n
Male 62 6.67 3.486 .188
Female 20 6.75 2.403

Hypothesis 2. There will be no significant difference in
plyometric knowledge test scores between coaches of female

versus male sports at the high school level.

Conclusion: An independent samples t-test was calculated to
test significance of hypothesis 2. The difference of the
mean score of the male sport (coaches) compared to the
female sport (coaches) was found to not be statistically
significant. (Males= 6.98, sd +3.984, Females=6.65, sd

12.791,p=.170) . This 1is displayed below in table 3.
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Table 3. Knowledge scores between male sports vs. female

sports

Std. P-Value
Sport N Mean Deviation
Male Sport 41 6.98 3.684 .170
Female Sport 37 6.65 2.7191

Hypothesis 3. There will be no significant difference in
plyometric knowledge test scores between coaches based on
the coaches’ age.

Conclusion: The coaches’ ages ranged between 18-60 years
(or older.) Scores in different age groups did not show
significant differences as shown in table 4. Additionally,

age group distribution is shown below in Table 5.

Table 4. Plyometric scores between different age groups

Sum of

Squares Df Mean Square F Sig.
Between 8.924 5 1.785 .162 .976
Groups
Within 904.519 82 11.031
Groups

Total 913.443 87
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Table 5. Significance between coaches' age groups
Std. Std. Error

Age Group N Mean Deviation

2. 18-20 yr. old 1 8.00

3. 20-29 yr. old 16 6.88 3.181 .795

4. 30-39 yr. old 29 6.62 3.133 .582

5. 40-49 yr. old 20 6.30 3.771 .843

6. 50-59 yr. old 17 7.06 3.363 .816

7. 60-above yr. 5 6.20 2.588 1.158

old

Total 88 6.67 3.240 .345
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DISCUSSION

In discussion of the findings of this study, the
following sections are presented: (1) Discussion of
Results, (2) Conclusions, and (3) Recommendations for Future

Research.

Discussion of Results

This study was conducted to investigate Pennsylvania
high school coaches’ knowledge of plyometric exercise. One
of the primary training goals of plyometric exercise is to
increase maximal power output and jumping ability, which
when used in a safe and correct manner has been shown to
produce positive results such as increased jump height,
development of muscle power, and increase muscular

endurance.’?™*

Additionally, plyometric exercise has been
shown to potentially decrease lower extremity injuries when
implemented in a safe and effective manner'™ Although
coaches may be aware of what plyometric exercises are,

their knowledge of how to perform plyometrics in a safe and

beneficial manner are still widely unknown.?
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The results of this study found there were no
significant knowledge score differences between male and
female coaches or the gender of which they coached. As
previously mentioned, plyometrics have been used
effectively to decrease lower extremity injuries,
particularly in female athletes' ™ .

A study performed by Mandelbaum et al.? looked to
determine whether a neuromuscular and proprioceptive
performance program was effective in decreasing the
incidence of ACL injuries in young female athletes. The
athletes were asked to perform a sport specific training
intervention in the trial. The intervention consisted of
education, stretching, strengthening, plyometrics, and
sport specific agility drills. The study consisted of a
female sport training group and a control group made up of
girls of the same age group in the same league. Results
concluded that during the season, there was an 88% decrease
in ACL injuries in the enrolled subjects compared to the
control group. In the next season there was also a 74%
reduction of this same injury.

The conclusion from this study was that using a
training program such as plyometrics could have a direct
benefit in decreasing the number of ACL injuries in

females.!” This would lead one to believe female coaches as
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well coaches of female athletes would have a particular
interest in implementing plyometrics into their programs.
Sports that involve explosive jumping, cutting, and
sprinting are more likely to use plyometric exercise to
increase vertical jump height and power, such as
basketball.?” Additionally it was hypothesized there would
be no significant difference in scores between coaches of
female verses male sports at the high school level. The
theory behind this hypothesis is that coaches of female
sports would recognize the significant differences in lower
extremity injury rate amongst their female athletes
compared to male’s injury rate of ACL tears.?

Lastly, we hypothesized there would be no significant
difference in plyometric knowledge test scores between
coaches age groups. Because plyometric training is a
relatively new technique, the researcher believed that the
younger coaches would be more knowledgeable with this type
of training due to the fact that it may have been a
technique they performed as younger athletes. Coaches that
were older in the age groups may have been "set in their
ways" of training and have not adapted the more recent
techniques like plyometric exercise, thus leading to lower
scores. However, results showed that all age groups scored

very similarly in this study.
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Recently, mild traumatic brain injury or concussion,
has received an enormous amount of attention in both the
medical world and media. Research has also been conducted,
similar to ours, investigating coaches’ knowledge of

14 studies

concussion prevention, recognition and treatment.
investigating concussion awareness and coaches have shown
recent knowledge improvement over the last decade.'* ' . This
may be attributed to recent campaigns to increase coaches
knowledge of the recognition and treatment of concussions
which has shown to produce positive results when working
with athletes who have suffered a brain injury.'*

In a study by Guilmette et al., coaches’ knowledge of
concussions was surveyed.14 After the baseline test, coaches
were given a review of Heads Up, educational materials
focusing on concussion and coach recognition. Seventy
percent of coaches who had received and reviewed the
material reported the information provided to be very
helpful. Included in the material was information on
educating coaches about all aspects of a concussion injury.
When asked about how the coaches planned to use the
materials, a significant majority reported they planned to
give 1t to athletes and parents. Overall, the study

concluded that coaches seemed eager and willing to learn
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more about concussions if the material were made available
to them.'*

Another recent study by Sawyer et al. evaluated
coaches’ perceptions, assessment, and use of a "toolkit"
that was sent to high school coaches on how to prevent and
manage concussions among high school athletes. The kit
included a facts sheet, posters and a video. Upon telephone
follow up, most coaches reported that they had used or
planned to use the kit materials with their athletes.
Eighty-one percent of schools with a written plan for
preventing and managing concussions said that the toolkit
could be used to improve their current plan and 96% of
coaches who did not have a plan indicated that the kit
could be used to develop one. Coaches agreed that a
visually appealing kit that was easy to understand would be
beneficial to their teams. To conclude, this study
provided confirmation that the toolkit should be viewed as
appealing and useful material for high school coaches and
is likely to contribute to increased prevention and
improved management of concussions amongst high school
athletes.?

The previous studies show that coaches are willing to
implement changes if given the right materials. If coaches

are receptive to informative videos, posters, or handouts
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on concussions, perhaps the same educational techniques
could be used for those coaches who wish to incorporate

plyometric exercise into their workouts.

Conclusion

The findings of this research provide some insight of
high school coach’s knowledge of plyometric exercise in the
state of Pennsylvania. Although none of the hypotheses were
found to be significant, it is worth noting the average
scores of the survey were very low with mean scores of 6
correct, well below 50% correct for the survey. I believe
this may have occurred in part due to complexity of as well
as the concepts involved with understanding plyometrics.
Without correct knowledge of volume, intensity, rest time,
periodization, and proper technique it is very difficult to
understand the principals of plyometric training. A firm
understanding of biomechanics, exercise physiology, and
strength training is needed to incorporate plyometrics in a
safe and effective manner. Often times coaches have not had
experience or education with plyometrics and this may lead
to improper training programs and an increased risk of

injury. If coaches wish to implement plyometric training, I
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think that is important for them to first have the correct

knowledge of plyometric exercise.

Recommendations for Future Research

The research study, Coaches Knowledge of Plyometric
Exercise has investigated a limited population of coaches
within the state of Pennsylvania. The results of the study
have yielded a few primary recommendations by the
researcher for future research on this subject.

The survey should be distributed more efficiently,
specifically, by the researcher themselves, instead of
relying on a third party. Ensuring the survey and
researcher is more easily accessible to coaches may
increase the rate of return.

The second recommendation is to focus on high school
coaches that do currently implement plyometric exercise in
their programs rather than coaches who may or may not use
them. If coaches who use plyometrics are the only ones to
respond, it may be able possible to get a clearer
assessment of their knowledge of plyometric exercise and

how they implement them at their high school setting.



10.

11.

12.

24

REFERENCES

Plowman S, & Smith. Exercise physiology. Baltimore:
Lippincott Williams&Wilkins;2009:525-526.

Markovic G. Does plyometric training improve vertical
Jjump height? A meta-analytical review. Br J Sports
Med.2007;41:349-355. DOI :10.1136/bjsm.2007.035113.

Bobbert MF. Drop Jjumping as a training method for
jumping ability. Sports Med.1990;9:7-22.

Lundin P, Berg W. Plyometrics: a review of plyometric
training. Nat Strength Cond Assoc J. 1991;13:22-34.

Makaruk H, Sacewicz T. Effects of Plyometric Training
on Maximal Power Output and Jumping Ability. Human
Movement.2010;11:17-22. Accessed June 2, 2011.

Komi PV. Stretch-shortening cycle: a powerful model to
study normal and fatigued muscle. J Biomech.2000;
33:1197-1206.

Potteiger J, Lockwood R, Haub M, et al. Muscle Power
and Fiber Characteristics Following 8 Weeks of
Plyometric Training. Journal of Strength and
Conditioning.1999;13:274-279. Accessed June 22, 2011.

Chu D. Jumping into Plyometrics. 2nd ed.Champaign,
IITI: Human Kinetics.1998.

McClellan T. Big jumps. Training and Conditioning.
2005;40-50.

Luebbers PE, Potteiger JA, Hulver MW, et al. Effects
of plyometric training and recovery on vertical jump
performance and anaerobic power. J Strength
Conditioning.2004;17:704-902

McClellan T. Big jumps. Training and Conditioning.
March 2005;42-46

Clark M, Lucett S.Sports performance training.
Baltimore: Lippincott Williams &Wilkins.



13.

14.

15.

16.

17.

25

Krejcie RV, Morgan DW. Determining sample size for
research activities. Educ Psychol Meas.1970;30:607-
610.

Guilmette T, Malia L, McQuiggan M. High school coaches
knowledge of sport related concussion. Brain
Injury.2007; 21:1039-1047.
http://web.ebscohost.com.navigator-
cup.passhe.edu/ehost/resultsadvanced?sid+aa54cee9-
4b39-47e3-8b%a. Accessed July 20, 2011.

Sawyer J, Hamdallah M, White T, et al. High school
coaches’ assessments, intentions. Health Promotions
Practice.2008;34-43. July 20,2011.

Harrington L. The Effects of 4 Weeks of Jump Training
on Landing Knee Valgus and Grossover Hop Performance

in Female Basketball Players. Journal of Strength and
Conditioning.2010;24:3427-3432.Accessed June 30, 2011

Mandelbaum B, Silvers H, Watanabe T, et al.
Effectiveness of neuromuscular and proprioceptive
training program in preventing anterior cruciate
ligament injuries in female athletes . The Amercian
Journal of Sports Medicine.2005;33:1003-1010.



APPENDICES

26



APPENDIX A

Review of Literature

27



28

REVIEW OF THE LITERATURE

Plyometric exercise at the high school level is
becoming a popular training technique used by high school
coaches. Plyometric exercises are used primarily to
increase maximal power output and jumping ability.
Plyometric training is an established technique for
enhancing athletic performance but may also facilitate
beneficial adaptations in the sensorimotor system that
enhance dynamic restraint mechanisms and correct faulty
jumping or cutting mechanics.!

Ploymetric training has been shown to increase
vertical jump performance. Vertical jumping is affected by
muscular and neural aspects alike. 1In order for a subject
to jump higher, the greatest amount of vertical
acceleration needs to be achieved before leaving the
ground. The acceleration creates initial vertical velocity.
The greater the velocity, the higher the center of mass
will reach. 1In order to achieve the greatest vertical
acceleration, the individual needs to create as much force
as possible over the shortest amount of time. It is crucial
that by increasing muscle mass and by training neural
mechanisms alike, an athlete can jump higher and react

faster.? Some other advantages of plyometric training is it
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increases functional power and allows the muscles to reach
a higher power level. Plyometric training has also been
shown to decrease muscle reflex inhibition, increases the
sensitivity of the Golgi tendon organs, improve the
sensitivity of the muscle spindles, and increases muscle
tension while reducing risk of injury.> ® These may all in
turn, increase performance while also decreasing the risk
of injury.

This review of the literature aims to explain
plyometric exercise and its scientific benefits as well as
high school coach’s knowledge of plyometric training
including the knowledge of risks, benefits, routine
schedule, and sources of information. The information will
be broken into the following sections: defining plyometric
training, plyometric training effects on the lower
extremity, effects of various types of plyometric programs,

and high school coach’s knowledge of plyometric exercise.

Plyometric Training

Plyometric exercise is defined as eccentric loading
immediately followed by a concentric contraction.’ Research
has shown that the main goal of plyometric training is to

increase maximal power output and also increase vertical
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jump height. This can be achieved thru exercises that
include bounding, hopping, and other jumping exercises with

one or two legs.'?™*!

In order to understand how plyometric
exercises work, one must first understand basic muscle
physiology and the actions that the muscles will perform
during plyometric exercise.

Muscles have the ability to both passively lengthen
and contract. Having the ability to lengthen and contract
allows us to perform dynamic movements of the body. Each
muscle fiber contains thousands of smaller rodlike strands
referred to as myofibrils. Myofibrils are contractile
structures made of myofilaments. The myofibrils lie
parallel to the long axis of the muscle cell and extend the
length of the muscle. The myofibrils function to contract,
elongate, or relax a muscle.’

Also involved in the contraction of muscle are Golgi
tendon organs (GTOs). The GTOs are located in the muscle-
tendon junctions and in the tendons at both ends of the
muscles. These receptors are stimulated by tension in the
muscle-tendon unit. GTOs detect tension in the muscle and
cause the muscle to act upon the change of tension by
contracting or lengthening. Both myofibrils and GTOs play
an important role in contraction during plyometric

exercise. When the muscle is contracted or lengthened
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during jumping, the GTO’s detect the change of length in
the muscle and quickly act upon that change.l

Muscle contractions are the basis for all human
movement, and our muscles have 4 characteristics that allow
a muscle to produce movement. These 4 characteristics
include irritability, contractility, extensibility and
elasticity. Irritability refers to the ability of a muscle
to receive and respond to stimuli via chemical message from
a neurotransmitter, and then in turn, respond with an
electrical current to produce movement. Contractility is
the ability of a muscle to shorten when responding to
stimuli. Contractility allows a muscle to produce force.
Elasticity is the ability of the muscle to return to its
resting length after being stretched. The last
characteristic is extensibility, which allows a muscle to
be stretch or lengthened when responding to an external
force.! The above mentioned characteristics of muscle allow
for 3 different types of dynamic muscle movements. They are
concentric, eccentric, and isometric contractions.

Concentric contraction occurs when a muscle produces
tension during a shortening movement allowing for
acceleration of the body part. Eccentric contraction occurs
when a muscle that produces tension is lengthening.

Eccentric contraction is mainly used to help decelerate a
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body part. Finally, isometric contraction occurs when a
muscle contracts but does not change its length.lPlyometric
exercise involves rapid changes of muscle contraction. Much
of a participant’s ability to maximize plyometric muscle

strength relies on the Stretch-Shortening Cycle (SSC).

Stretch-Shortening Cycle

The stretch shortening cycle (SSC) is described
as an eccentric phase or stretch followed by an isometric
transitional period (amortization phase), leading into an
explosive concentric action. The SSC goes together with
plyometrics and is often referred to as the reversible
action of muscles.®

Vertical jump performance relies heavily on the
participant’s ability to use the stretch-shortening cycle

to increase vertical jump height.lO

The greater force
produced by the muscle during plyometric training is
related to the storage of elastic energy during muscle
stretch and its rapid release during the shortening
movement. When muscles undergo rapid eccentric elongation
just before rapid concentric contraction it is known as the
Stretch-Shortening Cycle (SSC).10 The muscle is essentially

stretched while active, resulting in a greater force

production during the concentric contraction than could be
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generated during a subsequent concentric contraction from a
static position. If a muscle has the ability to adapt to
this cycle it enables the individual performing the action
to generate greater power.11

Most sports require jumping, sprinting, or rely on a
combination of strength, speed, and power. Plyometric
exercises are used to increase maximal power output and
jumping ability.'® Makaruk et al. performed a study using 44
non-training individuals. Subjects in the study performed
plyometric exercises twice a week for 6 weeks. The
measurements for this test included maximal power output,
center of mass elevation, rebound time, and knee flexion
angle. It was concluded that there was an increase in
maximal power output during the counter jump movement and
during depth jumps as well as a significant reduction of
rebound time in the depth jump.u)No significant changes in
the center of mass elevation were noted in either jump.

Similarly, Lehnert et al. performed a study to find
the validity of using plyometric training program and its
effects on speed and explosive power in female youth
volleyball athletes. Plyometric exercises were implemented
twice a week for eight weeks. Their level of explosive
power and locomotor speed was evaluated before, during and

after the intervention was completed. The levels were
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determined with the following tests: the standing vertical
jump, the vertical jump with an approach and the shuttle
run for 6 x 6 m. There were positive changes in the average
values of test scores during the period of testing, but the
dynamics of the changes in the explosive power and the

12

speed were different. Results from the study concluded

plyometric training is effective in increasing power and

speed in young female athletes. 12

Design of Plyometric Training

There are many components within a plyometric training
program, including progression. Progression within exercise
can come from a variety of different ways such as changing
weight, speed, intensity, duration or adding more
exercises. When thinking of progression with plyometric
training exercises you should consider intensity, volume,
and recovery. A few common signs that an individual may not
be ready to progress within their program are: 1).If the
athlete shows extensive bending at the waist or her torso
flops forward or from side-to side, more core work may be
needed. 2). If the athlete exhibits prolonged contact with
the floor, she may not have the overall body strength and
power necessary to proceed. 3). If the athlete's knees are

collapsing towards each other, this can mean lack of



35

quadriceps strength. The collapsing of the knees can occur
on landing during the eccentric contraction or on push-off
of the concentric phase. If the level of exercise is not
decreased, these movements can lead to joint pain,
tendonitis, excessive heaviness of the legs, and a
decreased demonstrated ability to explode. Ideally, the
knees should be aligned over the middle toe of each foot
for all jumping and landing exercises. These progressions
are all interrelated, the higher the intensity, the lower
the volume, the longer rest period.13

Intensity is the amount of energy put forth to
complete an exercise. In plyometrics, the intensity of a
training session is determined by the exercises that are
being performed or the rate of the SSC. Intensity has been
defined as the amount of stress the plyometric drill places

on the muscle, connective tissue, and joint.l:%_14

Plyometric
exercises can stretch from a wide variety of intensity. An
exercise such as core twists would have low intensity
whereas box jumps would have a very high intensity. Volume
is also a vital piece to successful plyometrics.'®

Within plyometrics the number of foot touches would
account for the volume of a plyometric training exercise.

The number of foot touches an individual may have may be

dependent of factors such as age, weight, skill level, or
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exercise preference.’

Plyometrics can range from low to
very high intensity. It is important to remember that in
plyometrics, foot touches and volume are inversely related.
Therefore, low intensity should be approximately 400 foot
contacts a session, moderate intensity should be around 350
foot contacts a session, high intensity may consist of
around 300 foot contacts a session, and very high intensity
plyometrics should consist of about 200 foot contacts. The
lower the number of foot contacts, the higher the
intensity. Individuals with minimal experience using
plyometrics should keep the ground contacts to less than
100 maximal efforts per session, whereas those with more
experience could have as many as 120-140 maximal effort
ground contracts per session.'?

Recovery is essential to execute a successful

plyometric training program.9

When performing a plyometric
program, recovery can have multiple meanings. Recovery can
be the recovery time in between sets of an exercise and the
rest time between workouts. In order to perform plyometric
exercises correctly, the individual must have proper rest
times in between exercises and proper recovery times after
each workout. The effectiveness of a plyometric training

session depends on maximal effort and a high speed of

movement for each repetition. Rest intervals between
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repetitions and sets should be long enough to allow almost

® As much as 5-10 seconds may be required

complete recover.
between depth jumps and a work to rest ratio of 1:10 is
recommended. For example, i1f a set of bounds takes 30
seconds to complete, the rest interval between sets would
be 300 seconds or 5 minutes.'’ Without allowing for this
proper rest interval, muscles may become over fatigued
which may lead to poor technique which may result in
injury.

A study performed by Luebbers and Potteiger focused on
the importance of recovery time following a plyometric
program. In the study, neither group showed an improvement
immediately post training. However, when the subjects were
allowed four weeks to recover, the study showed obvious
effects that recovery can have on performance. It remains
unclear if the results would have increased more with a
longer recovery. What is clear however is that a recovery
period should be included following a plyometric training
program.’’

Along with recovery, detraining effects can occur
after a training program. Detraining may occur when an
athlete reduces the training intensity, during, or ceases

18-19

to train due to injury or illness. Detraining can result

in the loss of anatomical and physiological adaptations as
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well as decrease performance.® ! The amount of detraining
depends on the length of time and the training level of the
athlete.'*

A study performed by Faigenbaum et al demonstrated a
very rapid and significant decrease in strength of
preadolescence kids who trained for 8 weeks and were
reevaluated 8 week after the training had ended.'® ' A study
performed by Kraemer et al’. investigated whether the was
any change in vertical jump height after detraining
occurred. The study showed that although there was no
difference in jump height after 2 weeks, there was a
reduction of 3-5% after 12 weeks.?

To help avoid detraining, athletes should often
consider other methods of training. Although the exact
mechanism for detraining is still not known, it is likely
that changes in neuromuscular functioning are partially

responsible.?’

Plyometric Training Effects on the Lower Extremity

As mentioned earlier, plyometic training has many
benefits that can help maximize athletic performance.
Studies focusing on the benefits of plyometric training
have found that this type of exercise can increase muscular

power output, regulate lower extremity muscle co-
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activation, and correct poor mechanics of the knee, ankle
and hip.? %

One of plyometric exercises known advantages is
increasing muscle output. A recent study by Potteiger et
al. examined changes in muscular power output and fiber
characteristics following a 3 day a week, 8 week plyometric
and aerobic exercise program in 19 physically active men.
The plyometric training consisted of vertical jumping,
bounding, and depth jumping. Muscle biopsies were collected
from the vastus lateralis before and after training and
type I and II fibers were identified. Peak muscle power
output, measured using vertical jump significantly
increased in both groups. The authors reported this may be
in part to the reduced amortization phase between
concentric and eccentric movements. A reduced amortization
phase allows for greater increase power production. The
study showed an increase of power output that may be
related to an increase in muscle fiber size.!
Similar studies show supportive evidence of the

12 Another common

effects of an 8 week training program.
theory of plyometric training is it may increase changes in
speed and explosive power. Over a course of 8 weeks Lehnert

et al. examined muscle power and locomotor speed was

before, during, and after a workout performed by youth
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female volleyball players was complete. The individual’s
levels were measured by the standing vertical jump test,
vertical jump with an approach, and a 6x6 shuttle. The
results of the program supported the theory that plyometric
exercises are effective in increasing explosive power and
speed in young female athletes.?

Muscle co-activation has been shown to enhance
neuromuscular performance and prevent knee injuries by
increasing dynamic stability.’ The objective of a study
performed by Chimera et al. was to evaluate the effects of
plyometric training on muscle activation strategies and
performance of the lower extremity during jumping
exercises. The subjects included in the study were
Division 1 female college athletes. Female athletes are
thought to have a greater risk of knee injury due to high
adduction and abduction knee movements and increased
landing force when compared to males. The participants
performed plyometric exercises 2 times per week for 6
weeks. Surface electromyography was used to assess
preparatory and reactive activity of the vastus medialis
and vastus lateralis along with the medial and lateral
hamstring and hip abductors and adductors. The results
concluded that after the six week plyometric exercise,

there were significant increases in firing of adductor



muscles during the preparatory phase. It was also
concluded an increases in preparatory adductor to abductor
muscle coactivation, and an increase in gquadriceps to
hamstring muscle coactivation.

Plyometric training induced beneficial neuromuscular
adaptations in the hip adductor muscles that may assist
with knee stability. Adductor muscle preactivation and
adductor and abductor coactivation both increased after
plyometric training. These neuromuscular adaptations,
combined with previous kinematic and kinetic data strongly
support the use of plyometric training to enhance dynamic
restraint and functional stability at the knee joint.'®
These studies concluded that an increase in preparatory
coactivation can be increased in plyometric training and
may help reduce the risk of knee injuries in females.’ One
of the more common knee injuries theorized to be a result
of poor muscle activation is non- contact ACL tears.

Non-contact ACL tears are especially common amongst
female athletes. Non- contact ACL injuries in particular
are often attributed to excessive knee valgus. Research
shows females often land from a jump with increased knee
valgus then males. It is believed that jump training with
plyometrics can help reduce knee valgus during landing

leading to a reduction of non-contact ACL tears in female
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athletes. The purpose of a study performed by Harrington et
al.”’ was to assess if a jump training program could have
similar effects to those studies previously reported.
Female athletes had their knee valgus angles assessed
during two landing tasks. This was done by a two-
dimensional frontal-plane projection angle of the knee. A
digital camera was set up two meters anterior to the
subjects knee. The digital images were imported into a
digitizing software program (Quintic 4, Quintic Consultancy
Ltd., United Kingdom). The angle between the lines formed
between the markers at the anterior superior Iliac spine
and middle of the tibiofemoral joint and that formed from
the markers on the middle of the tibiofemoral joint to the
middle of the ankle mortise was recorded as the valgus
angle of the knee. Two tests were performed in this study.
One was a drop jump and the other was a crossover hop. The
jump training program lasted 4 weeks, 3 times a week.

After training, the results showed significant decrease in

knee valgus during landing from their pretest measures.?®’

Plyometric Training vs. Resistance Training

A popular training program for athletes, coaches, and

strength and conditioning specialists is resistance
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training. Resistance training will often use free weights
or weight machines along with a slow controlled motion by
the individual. Studies such as those performed by Vissing
et al show plyometric training and traditional resistance

?? Vissing et al wanted to

training show specific benifits.
compare changes in muscle strength, power, and morphology
induced by conventional strength training vs. plyometric
training of equal time and effort requirements in 16

? Those subjects who were in a conventional

healthy males.?
strength training group performed incline leg press, knee
extension, hamstring curl. The plyometric group performed
hurdle Jjumps, countermovement jumps and drop jumps. After
12 weeks of respective training, results concluded both
conventional resistances training and plyometric training
can benefit individuals. Moreover, the study went on to
explain that both types of training increased gross muscle
size, whereas only traditional resistance training
increased cross-sectional area.

The study concluded that both traditional resistance
training and plyometric training had very similar gains in
muscle strength, whereas muscle power increased almost

21

exclusively in plyometric training.“” It is well documented

that plyometric training is the best way to increase an

20

individual’s ability to increase jump height.“” Enhancing
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power performance allows an individual to rapidly
accelerate their body during a dynamic movement such as a
vertical jump. The increased power that leads to better
acceleration can only be increased by plyometric training
exercises.!’??!

Brown et al also studied the different effects of
resistive training and plyometric training in female

dancers.?

The purpose of the study was to observe the
differences in performance found in female dancers who
participated in either plyometric or traditional weight
training. The plyometric group performed 3 sets of 8
repetitions of 4 different lower body plyometric exercises
twice a week. The weight training group performed 3 sets
of 6 to 8 repetitions of 4 lower body isotonic exercises
twice a week. All subjects in the study performed testing
prior to and post the 6 week work outs. The testing
included in this study consisted of assessments of jumping
skill and lower body strength and power. Strength was
assessed via 3 one repetition max tests: using the leg
press, leg curl and leg extension. Power was assessed with
a wingate anaerobic power test and vertical jump height
tests. Aesthetic jumping ability was assessed using 1

dance faculty member. The results showed there were no

differences in the jumping ability, strength or power among
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the groups at the start of the study. The plyometric group
significantly increased leg press strength, standing
vertical jump height, and aesthetic jump height. The
weight training group significantly increased leg press,
leg curl, mean aerobic power, and aesthetic jump height.
Results showed that both weight training and plyometics
have positive effects on vertical jumping ability.??

These two studies demonstrate plyometrics are not
meant to be performed alone. They should be used along with
other training methods such as strength, flexibility, and
cardiovascular training. When plyometric drills are
combined with a resistance training program, vertical jump
performance appears to be enhanced to a significantly
greater extent than if each of the training programs were

performed alone.?*

Coaches Knowledge of Plyometric Exercise

Recent studies and current literature prove plyometic
exercise can increase athletic performance and decrease the
risk of injury. What is not understood is why coaches may
or may not have athletes perform plyometrics. Factors such
as time, commitment, knowledge of plyometrics, or sports

they coach may be factors. Although no current literature
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has focused on coachs’ knowledge of plyometric exercise, an
emphasis of coaches’ knowledge of concussions has been a
recent topic. Although these two topics are not directly
related, coaches’ knowledge may be reasons why they do not
have their athletes perform plyometric exercise.

Many studies have focused on coach’s knowledge and
management of sport related concussions. Studies have shown
that coaches main weakness is that they believe all
concussions may be treated the same.?’ This may be an
indication that high school coaches understand the basics
of a concussion but are unsure of how to follow up and
manage an athlete with symptoms. These results may indicate
that high school coaches may readily recognize concussion
symptoms, and thus more attention may need to be given to
educating coaches on the management of concussions to
ensure they are equally confident in recognizing and
treating concussive injuries in their athletes.?’

Much like concussions, plyometric exercise also
involves knowledge of many different domains of exercise.
If coaches do not have the knowledge of the principles of
plyometric exercise, they may either not feel confident in
their ability to run plyometric exercises for their
athletes or may be performing them incorrectly which could

lead to injury.
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Summary

Explosive power production is essential for maximal
performance in many athletic events.® Plyometric exercises
are defined as eccentric loading immediately followed by a
concentric contraction.’ Research has shown that plyometric
training can increase maximal power output and also
increase vertical jump height.

One of plyometric exercises most significant
advantages 1is increasing muscle output. An increase in
muscle output leads to greater power generated. Peak muscle
power output, measured using a vertical jump significantly
increased in groups performing plyometric exercise. This
may be in part to the reduced amortization phase between
concentric and eccentric movements. A reduced amortization
phase allows for greater increase power production. An
increase in power production may possibly be directly
related to an increase in muscle fiber size and muscle
output.11

The overall goal of plyometric training is to increase
power output for individuals to increase jump height and

maximize power. In studies performed showing gains in
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athletes performing traditional weight lifting vs.
plyometric exercise, it is well documented plyometric
training is the best way to increase an individual’s
ability to increase jump height and maximal power.?’
Plyometric training is an established technique that
can be used to maximize athletic performance such as
maximal power output and jumping ability as well as

facilitate positive neuromuscular control to reduce injury

and correct faulty jumping or cutting mechanics.
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STATEMENT OF THE PROBLEM

One of the primary training goals of plyometric
exercises is to increase the maximal power output and
Jjumping ability. Using plyometric training in a safe and
correct manner has shown to produce multiple positive
results such as improving explosive power, increasing
vertical jump height, and agility, and developing faster
contraction times with both slow and fast twitch muscle
fibers.® Additionally, ploymetric exercise may lead to a
decrease of lower extremity injuries. Coaches may be aware
of plyometrics and how they can be used to help benefit
athletes, but may not have the knowledge to perform them
safely and effectively implement into their respective team
workouts. Multiple training programs are easily available
to high school coaches, but the extent of what they know
about performing this type of exercise is still widely
unknown. The purpose of this study is to determine coaches’
level of knowledge when incorporating plyometric exercise

training programs into their practices and conditioning.
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Definition of Terms

The following definitions of terms are as defined for

this study:

1.

Concentric- A muscle contraction in which the muscle
fibers pull together and shorten.*

Eccentric- A muscle contraction, which occurs when the
muscle lengthens under tension.’

Myofibrils- Contractile structures composed of
myofilaments.*

Golgi Tendon Organs-Receptors that are activated by
stretch or active contraction of a muscle and that
transmit information about muscle tension.®
Plyometrics—- A type of exercise training designed to
produce fast, powerful movements, and improve the
functions of the nervous system, generally for the
purpose of improving performance in sports.

Stretch shortening cycle- where the muscles involved

are first stretched rapidly and then shortened to

accelerate the body or limb.*"
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Basic Assumptions

The following are basic assumptions of this study:

1. The subjects of this study will complete the survey to
the best of their ability.

2. The survey provided was valid and reliable.

3. Subjects did not use any outside resources to complete
the survey.

4, Responses and demographic questions will be varied.

Limitations of the Study

The following are possible limitations of the study:
1. The results of the study are only wvalid for high
school coaches in the state of Pennsylvania, results

for other states cannot be generalized.

2. Coaches may choose to not respond to the online
survey.
3. Athletic Directors will be responsible to forward the

survey to their high school coaches.
4. Coaches may not have access to online survey.
5. Coaches may quit taking the survey at any time.

6. Time between survey validity was only 2 weeks.



Significance of the Study

It is vital that those who are training high school
athletes understand the concept of plyometric exercise.
Plyometric exercise gives athletes the opportunity to
increase vertical jump height, maximal power output, and
agility. If done incorrectly, this type of exercise can
lead to improper mechanics or even injury. The results of
this study may help identify knowledge of plyometric
training among coaches at the high school level. The
overall goal is to identify areas of the knowledge of

plyometrics.
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High School Coaches’
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APPENDIX C1

Knowledge of Plyometic Exercise Survey



1. Are you willing to participate in this study? By checking "yes" you are implying
informed consent to participate

() ves

(Ow
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2. Which category below describes your age?
Q 17 or younger

() 1=

() =i

3. Do you have your athletes perform plyometric training exercises as part of a training
plan?

() ves
PL

4, If you answered "No" to gquestion 3, please briefly elaborate on why you do not:

5. If yes, who instructs and implements the training program
() ‘cosen rroursem

O Assisani Coach

() certmea strengtn ana Conaticning Cazen

() wurse

() amiete Trainer

Otner (please specty)
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Demographics

6. Are you male or female?

T. "4, Please check all sports that you coach:

() Football
() volleyoan

() Boys Track + Fisia

O Girls Track + Fieid

() Boys socoer

() s Basketzal

() Boys swmming'Diving
() ins swmmingoning
() Boys Temis

O Girls Tennis

O soys cor

() s cor

() Baseta

() siow Piten sonoan
() Fast oich Softan
O oymastics

(O wwesting

() wens Bowing

() womens Bosting

() mens waterpako

() womens watsmolo
() wens rime

Ommma

58



L]

(__ Wiomens Lacmese

8. Have you ever been a competitive athlete at the high school, college, or professional
level?

O ves

O m

9. If yes, did you ever perform plyometric training exercise as part of your warm-up or
sport?

(O v

One

10. Have you had any formal training in plyometric exercise?

O e

oL

11. lf yes, please elaborate on what type:

12. How many years have you been coaching?

13. Did you graduate college with any of the following degrees:
O Amietic Training

() Prysical Therapy o Physical Therapy Assistant

() Fimess and vieliness

() strength ana conationing

() Exercss suence

() None or tne above
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Plyometric Training

14. The primary goals of plyometric exercise are?

Ineresse I heartang o POWET QutpUl
Jung Tenction as well 3 0 METSAGE OOygeEn Maximal jumping  Maxmal Jumping
"Emease In 3ernbi bramsportstion apiity and maximal - aollity and anerobic [0 reot know
throtghout the body power outpat endurance

endurance (02 M)

ouoseteessTarseer () O O O O

15. Plyometric Exercises should be performed in the following manner:
Slow-Controlied manner Explosive mowement Fast-Controlled manner D niat kniow

16. Advantages to Plyometric Exercise include all of the fellowing EXCEPT

IncTease musce
decrease Muste
Oecreans mussa reflex 1Ension recepion InCTe@nes MUsCe
Irihiiticn sersitvity |Eoigl tension = 'gH”m"E':g sencillty Do nat know
Tendon Crgan) f Spindies)

Crocse the BEST ancer O O O O O

17. The following are all types of dynamic muscle contraction EXCEPT:

Dynamic (Acthve
Concantric: (Shorening Eccentric {Lengthening Isometic (No changa In shartning and 55 et Ko
of a musciz) of @ muscle) length of a musca)  lengthing of 3 muscle)
Do ot kmow

Cnccs the BEST anseer Q O Q O O

18. Plyometrics heavily rely on all of the following physiological effects EXCEPT
Reciprocal Inhibdtion

[I'TH.EGEEIJ’I one side of a
Stretch Shartenl a
- ng Cye Joint relaming o

Active swetch of  musc
idlu::dtu mln:nedab: accammodate cantraction o
y e otmer sids of Mat joint)

Ehortaning of that same
" Example: Quadriceps
] I'elaxlng bo accomidaie

namstring contraction

Cnoose the BEST answer ) P ) O
19. When designing progression in a plyometric training program, all of the following
should be included except:

volume (How many  recowery {How lang of

Intzneity ':Hm":-‘_ M ayerises arz baing rests Datwazn Individual age Do ot know
Frogar ' tonein a programy) SNEmiEes)

20, Low intensity exercises should contain around how many foot touches?
around 100 arourd 400 around 500 arourd 200 Do reat know

OuoetecesTmeme: () O O O O
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21. The proper rest ratio when performing plyometrics is:
15 12 1:10 11 D ot know

S TE O @ O O @)

22. Within plyometric exercise, an increase in power output (ability of a muscle to produce

a force) is directly related to:

Increase Inmuscle  Increase In heart and = decrease |In body Imcrease In Type 1
ber size lung output weight muscie Nbers

ST S T O O O O O

23. Do you believe that female athletes land from a vertical jump differently than male
athletes?

D not kncew

Yes Mo

24, Plyometic Training has been shown to reduce which of the following commeon injuries

in female athletes?

Knee postanor crucate Knee anteror crudiate !
ligament {PCL) t=ars Misce stare arkie spcins ligament {ACL) tears D nat know

Crcos the BEST anuer O O O O @)

25. Do you believe that female athletes have a greater risk of ACL injuries compared to

their male counterparts?
Yes Mo
Cnooss the BEST answer: O O

26. Plyometric exercise is often a component of all of the following programs EXCEPT

Endurance {How lang
o PO J - - .
Stallization (AbIIy to R — Power (How quickly 3 Sirengm | How much

malrmaln one's force can be exerted  fOce your musdes can Do mat know

perform a spechlic
palance) , within & miscie) produca)

Cnioss he BSST answer. O O O O @)

27. The rapid switch from an eccentric contraction to a concentric contraction is known

as:
Amorization Phase Peak Power Phase Recnuitment Phase Loading Phase Do meot know
s =y s =,
Chocs: the BEST answer: L_} (:_J L_} (:_J l:-:l
28. Proprioceptive ability within plyometric exercise emphasis the importance of:
Muscie Tenslon Muscie Tension Muscie Tenslon  Muscle Lengthening

Feceptors and Sk Receptors and Skin - Recepiors and Muste  Receptors and Type | Do ot kncew
Pressure Recepions  Temperaturs RecepiorsLengthening Receptons  and I muscie fibers

S s O O O O Q

29, To effectively progress an athlete through plyometric training, which is the correct

order to progress an athete?
Power, siabillzation,  Strengih, power,  Stablllzation, power, Stablization, strengtn,
srengh stabilization strength

oo mesesTaer () O O (o) O

D2 ot know
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30. Which of the following is NOT a plane of motion (Dynamic planes of motion that the
body is capable of moving through)

Sagital (Ohidingthe e FTONEE (DWIANG the  Transverse (Diiding
body It Aight and 1t s o e Info 3 front and the body Into fop and Do niat kncw

ratves) Dody by angles) o) vatiam)
Choce ihe EEST answer O O O O O

31. Equal hip muscle activation ratios help control which other movement in the body?

Imee valgusivanes
Hip fiexion and )
e on (Fnock Tunk roEton nee Nexion/exienson Do mot know
kneefoowiegged)

S s O O O O O

32, All of the following are signs that an individual is not ready to progress their training
program EXCEPT

It individuals knees are
Excesslve bending at

Prolongad contact with collapsing Ineard
the waist uring taks Fatigu Da nat kn
" the floor = during ke oF g o
off and landing
1zndng

Groce the BEST ansver O O O O O

33. All of the following may eccur if intensity is too high EXCEPT:

decreased ablity to
umafeprg:uum ~expioda" during Etmt;;;:;lmu B0 not Enow
Jumping

s the BEST answer O O O O O

Tendonltis
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Proposal Number

i
[

| California University —
Md of Pennsylvania e el

E

FROTOCOL for Research Involving
Human Subjects

Institutional Review Board (IRB) approval is required before beginning any rescarch andlor data collection
involving human subjecis

(Refirence IRE Policles and Pracedures for clarification)

Projece Titdle rirdy Fvoreive amongst High Scheol Coaches
ResearcherProfect Divector  Poul Rueei

Phone # (20719444809 E-mail Address ruct 2860 cali.edi
Faculty Sponsor (i required) Shelly INCesarg

Department Health Sclence

Praoject Dates  Jonungry 1, 20012 fo December 1, 2012

Sponsoring Agent (if applicable)
FProject to be Conducted ai - Cofifprnia University of Pennsylvania (Vo Infernet)

Project Purpose: [=] Thesis ] Research [ Class Project [ exikrer

Keep a copy of this form for your records.

Approved, September 12, 2005 { {updated 02-09-09)
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Flease attach a tvped. detailed summary of your project AND complete items 2 through 6.

i, Provide an overview of your profect-proposal describing what you plan to do and how you will go about
daing it Include any hypothesis{sesJor research questions that might be involved and explain how the
information you gather will be analyzed. For a complete list of what should be included in your summary,
please vefer to Appendix B of the IRE Policies and Procedures Manual.

The purpose of this study is to determine high school coaches' knowledge of plyometric exercise.

A descriptive design will be used in this study with data collected via a survey thru surveymonkey.com. The
primary purpose of this study 1= to examine the knowledge of plyometric exercise among high school
coaches. The dependent variable of this study is the cosches’ kmowledge of plyometric exercise, The
independent variables of this study include: coaches' age, sex, years of cxperience, and the sport coxched.

Subjects in this study will be composed of high school coaches who are in the Penmsylvania Interscholastic
Athletic Associztion, Sebjects will be notfied via ¢ mail by Bob Bucknavage, PSADA Executive Dircctor.
Prior to distribution of the survey, a review of the survey will be conducted using apsnelnfaxpﬁ'ts from
Califormia University of Pennsylvania. This panel has reviewed the survey and provided suggestions for

" improvements.
The Knowledge of Plyometric Training Survey (KPTS) will be used in this study. This survey was
developed by the researcher for determining the knowledge of plyometric training among high school
coaches, The questionaire asks for information regarding gender of the coach, number of years of coaching
experience at the high school level, gender of the sports they coach, what specific sports they coach, and
guestions based on specific plvometric exencises.
The follwing steps to distribute the survey will be performed by the researcher:

1. The researcher will utilize surveymonkey.com by creating a direct link with a cover letter developed by
the researcher.

2. A cover lefter containing the direct link to surverymonkey.com will be sent to Bob Bucknavage, PSADA
Executive Director, _

1. Bob Bucknavage will forward the cover letter to all high school athletic directors in the Pennsylvania
Interscholastic Athletic Association.

4. The high school athletic directors will distribute the emsil to their respective high school coaches.

5. High school coaches will then complete the online survey.

6, A ‘reminder’ email will be seut to the coaches to complete the survery af weeks | and 2 after original
distribution.

The coverletter will explain the purpose of the study and reasons why coaches should consider
participating, All surveys will be received by the researcher anonymously and will be confidential. The
results of the survey will only be accessable with a cormect usemame and password. Omee the data collection
process is complete, the rescarcher will download the data to SPSS for data anaylsis.

The following hypotheses were based on previous research and the researchers intuition based on a
review of the literature:

1. There will be no significant difference in plyometric knowledge survey scores between coaches based
on gender at the high school level,

2, There will be no significant difference in plyvometric knowledze survey scores between coaches
involved in female versus male sports at the high school level.

3. There will be no significant difference in plyometric knowledze survey scores between coaches based
on number of years coaching,

4, There will be no significant d]ﬂ‘moc in plyometric knowledge survey scores between coaches of
specific sports.
Approved, September 12, 2005 ¢ (updated 02-09-09)



Al data will be analyzed by SP3S version 18.0 for windows at an alpha level of 0.05. The research
bypothesis will be analyzed using a repeated measures analysis of vanance.

2 Sectom 46,01 af the Federal Regulations stove that vesearch propasals imvolving Ruman suliects must
sattsfy certain requirements hefore the IRB can gramt approval.  You should deseribe in detail how the
Jollowing reguirements will be satisfied, Be sure to address each area separately,

a. How will vou inswre that any risks to subjects ave minimized? I ihere are potential risks, describe
witat will be done io minimize these visks, I there ave risks, describe wity the risks to participants
are reasonable in relation to the anticipated benefits.

Risks to subjects are minimal in this study. The survey that will be administered will contain items
pertaining only to the relavance of the study, To minimize aoy nsks, information gathered from the
study will remain password protected and be saved on a Calitornia University server, All
information will be received anonymously with ne identifiable information.

b How will you insure thot the selection of suljects is equitable? Take into account pour purposefs).
Be sure you addresy research problems imvolving vulnerable populations suck as chddren,
prisoners, pregriant women, mentally disabled persons, and sconomically or educationally
disadvantaged persons. If this fs an in-class praject describe how vou wifl minimize the possibiline
that students will feel coerced,

The selection of subjects will be equitable hecause the study will be seat electronically to all high
school coaches in the state of Pennsylvania.

¢ Howwill you obtain informed consent from each participant or the subject’'s legally authorized
repreyeniaiive and ensure that all conyent forms are appropriately documented 7 Be sure fo attach
i copy of Vour sonsent form o the prafect summar,

Informed consent will be implied by voluntarily choosing to complete the provided survey. The
survey cover letter will explain this, as will the first page of the electronic survey.

4. Show thai the research plan makes provisions fo moniior ihe daia collected to insure the safety of
all subjeces, This inchedes the privacy of subjects ' responzes and provizions for maintaining the
security and confidentiality of the data.

The names of the surveys subjects will not be included on the survey. The responses of te subjects
will be collected through the use of Survey Monkey and access will be passwond protected. All data
collected from the survey will be stored on University servers in password protected files.

3. Check the appropriate box{es) that describe the subjects you plan lo use.

] Adult volunieers [ Mentally Disabled People

[ CAL University Students ] Econamicaily Disadvantaged People
[ cvher Students [ Fducationally Disodvantaged Peaple
[} Frisoners [ Feruses or feral material

] Fresnant Women [ children Under 18

[l Physicaliy Handicapped Peaple || Necnares

Approved, September 12, 2005 7 {updated D2-05.00%
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Is remuneration involved in your project? [] Yes or [ No. [fyes, Explain here.

Is this project part of « grant? [l ¥esor B No I pes, provide the following information:
Tirle of the Grant Proposal ___
Name af the Funding Agency
Dates af the Project Period
Doey your project imvelve the debriefing of those whe pariicipated? [ Yeror B Mo
If Yes, explain the delwiefing process here.

I your project involves o questionnaire interview, ensure that it meets the requivements of Appendix___in
the Policies and Procedures Manal,



California University of Pennsylvania Institutional Review Board
sarvey/Interview/Questionnaire Consent Checklist oz

This form MUST accompany all IRB review requests

Does your research involve ONLY a survey, interview or guestionnaire?
YES—Complets this form
LI NO—You MUST complete the “Informed Consent Checklist™—skip the remainder of thiz form

Does your survey/interview/questionnaire cover letter or explanatory statement inclode:
[ (1) Statement about the peneral nature of the survey and how the data will be used?

(<] (2} Statement as to who the primary researcher is, including name, phone, and email address?
(< (3) FOR ALL STUDENTS: 15 the faculty advisor's name and contact information provided?
[ (4) Statement that participation is voluntary?

(5) Statement that participation may be discontinued al any time without penalty and all data
discarded?

[ (6) Statement that the results are confidential?

B {7y Statement that results are anonymous?

[ (8) Statement as to level of risk anticipated or that minimal risk is anticipated? (NOTE: If more
than minimal risk is anticipated, a full consent form iz required —and the Informed Consent
Checklist must be completed)

(] (9) Statement that returning the survey is an indication of consent to use the data?

(] {10) Who to contact regarding the project and how to contact this person?

(] (11) Statement as to where the results will be housed and how maintained? (unless otherwise
approved by the [RB, must be a secure location on Universily premises)

B (12) 1s there text equivalent to: “Approved by the California University of Pennsylvania
Institutional Review Board. This approval is effective nndnn/nn and expires mimdrmm/mm™7 {the
actual dates will be specified in the approval notice from the IRB)?

] (13) FOR ELECTRONIC/WEBSITE SURVEYS: Does the text of the cover letter or
explanatory statement appear before any data is requested from the participant?

B (14) FOR ELECTONIC/WEBSITE SURVEYS: Can the participant discontinue participation at
any point in the process and all data is immediately discarded?

Approved, September 12, 2005 / (updated 02-09-09)
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California University of Pennsylvania Institutional Review Board
Informed Consent Checklist {v021209)

This form MUST accompany all [RB review requests

Does your research involve ONLY a survey, interview, or questionnaire?

YES DO NOT complete this form. You MUST complete the “Survey/Interview/Questionnaire
Consent Checklist™ instead.

] NO—Complete the remainder of this form.

1. Imtreduction (check cach)
[C1(1.1) Is there a statement that the study involves research?
[]{1.2) Is there an explanation of the purpose of the research?

2. Is the participant. (check cach)
[1{2.1) Given an invitation to participate?
[]{2.2) Told why hefshe was selected.
[]12.3) Told the expected duration of the participation.
(1 {2.4) Informed that participation is voluntary?
[[1{2.5) Informed that all records are confidential®?
[]{2.6) Told that he/she may withdraw from the research at any time without penalty or loss of
benefits?

[ (2.7) 18 vears of age or older? (if not, see Section #9, Special Considerations below)

3. Procedures (check each).
[71(3.1) Are the procedures identified and explained?
[:l (3.2) Arc the procedures that are being investigated clearly identified?
[71(3.3) Are treatment conditions identified?

4. Risks and discomforts. (check cach)
[C1 (4.1} Are foresecable risks or discomforts identified?
[7{4.2) Is the likelihood of any risks or discomforts identified?
] {4.3) Is there a description of the steps that will be taken o minimize any risks or discomforts?
[ {4.4) 1s there an acknowledgement of potentially unforeseeable risks?
[[]{4.5) Is the participant informed about what treatment or follow up courses of action are
available should there be some physical, emotional, or psychological harm?
] (4.6) Is there a description of the benefits, if any, to the participant or to others that may be
reasonably expected from the research and an estimate of the likeliheod of these benefits?
[[1{4.7} Is there a disclosure of any appropriate alternative procedures or courses of treatment that
might be advantageous to the participant?

5. Records and decumentation, (check each)
] {5.1) Is there a statement describimg how reconds will be kept confidential?
[[145.2) 1s there a statement as to where the records will be kept and that this is a secure location?
[[] {5.3) Is there a statement as to who will have access to the records?
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. For research involving more than minimal risk (check each),
[116.1) Is there an explanation and description of any compensation and other medical or
counseling treatments that are available if the participants are injured through participation?
[[11(6.2) Is there a statement where further information can be obtained regarding the treatments?
[] (6.3} Is there information regarding who to contact in the event of research-related injury?

7. Contacts.{check each)
[ (7.1) 1s the participant given a list of contacts for answers to questions about the research and
the participant’s rights?
[] (7.2} Is the principal researcher identified with name and phone number and email address?
[[1(7.3) FOR ALL STUDENTS: s the faculty advisor's name and contact information provided?

8. General Considerations (check each)
[_](8.1) Is there a statement indicafing that the participant is making a decision whether or not to
participate, and that histher signature indicates that hefshe has decided to participate having read
and discussed the information in the informed consent?
[] (8.2) Are all technical terms fully explained to the participant?
71 (%.3) Is the informed consent written at a level that the participant can uaderstand?
[1(8.4) Is there text equivalent to: “Approved by the California University of Pennsylvania
[nstitutional Review Board. This approval is effective nn/on/nn and expires mo/mm/mm™? (the
actual dates will be specified in the approval notice from the IRB)

9. Specific Considerations {check as appropriate)
(] (9.1) If the participant is or may become pregnant is there a statement that the particular
treatment or procedure may involve risks, foresesable or currently unforeseeable, to the participant
or to the embryvo or fetus?
[1(9.2) Is there a statement specifying the circumstances in which the participation may be
terminated by the investigator without the participant’s consent?
[](9.3) Are any costs to the participant cleatly spelled out?
(] (9.4) If the participant desites to withdraw fiom the research, are procedures for orderdy
termination spelled out”?
1 {9.5) Is there a statement that the Principal Investigator will inform the participant or any
significant new findings developed during the research that may affect them and influence their
willingness to continue participation?
[71{9.6) Is the participant is less than 18 vears of age? If so, a parent or guardizn must sign the
conzent form and aszent must be obtained from the child
[is the consent form written in such a manner that it is clear that the parent/guardian is giving
permission for their child to parsticipate?
[Is a child assent form being used?
[] Does the assent form (if used) clearly indicate that the child can freely refuse to participate
or discontiniue participation at any time without penalty or coercion?
-] (9.7) Are all consent and assent forms written at a level that the intended participant can
understand? (generally, 8™ grade level for adults, age-appropriate for children)



California University of Pennsylvania Institutional Review Board
Review Request Checklist (w1209

This form MUST accompany all IRB review requests,
Unless otherwise specified, ALL ilems must be present in vour review request,

Have you:
E:'T (1.0 FOR ALL STUIMES: Completed ALL items on the Review Reguest Form?
Pay particular attention to:
B4 (1.1) Mames and email addresses of all investigators
B (1.1.1) FOR ALL STUDENTS: use only your Calll email address)
Bd (1.1.2) FOR ALL STUDENTS: Mame and email address of your facalty
research advisor
[#] (1.2) Project dates (must be in the future—no studies will be approved which have
already begun or scheduled to begin before final IRB approval—NO EXCEPTIONS)
B (1.3) Answered completely and in detail, the questions in items 2a through 2d?
[2a: MOTE: Mo studies can have zero risk, the lowest risk is “minimal risk™. IF
more than minimal risk is involved vou MUST:
[ i. Delineate all anticipated risks in detadl;
[]ii. Explain in detail how these risks will be minimized;
[1it. Detail the procedures for dealing with adverse outcomes due to these
[]iv. Cite peer reviewed references in support of your explanation.
[ 2b. Complete all items.
B 2e. Deseribe informed consent procedures in detail.
[] 2d. WOTE: to maintain security and confidentiality of data, all study records
must be hovsed in a secure (locked) location ON UNIVERSITY PREMISES. The
actual location (department, office, ete.) must be specified in your explanation and
he listed on any consent forms or cover letters,
[ (1.4) Checked all appropriate boxes in Section 37 1f participants under the age of 18
years are to be inchoded (regardless of what the study invelves) you MUST:
[J(1.4.1) Obtain informed consent from the parent or guardian-—consent forms
must be written so that it is clear that the parent/gnardian is giving permission for
their child to participate.
[J11.4.2) Document how wou will obtain assent from the child—This must be
done in an age-appropriate manner. Regardless of whether the parent/guardian has
given permission, a child is completely free to refuse to participate, so the
imvestigator must docwment how the child indicated agreement to participale
(Fagsent™),
[ {1.5% Included all grant information in section 57
B4 (1.6} Included ALL signatures?

] (2.0 FOR STUDIES INVOLYING MORE THAN JUST SURVEYS, INTERVIEWS, OR
QUESTIONNAIRES:
C](2.1) Attached a copy of all consent form(s)?

[ 1{2.2) FOR STUDIES INVOLVING INDIVIDUALS LESS THAN 18 YEARS OF AGE:

attached a copy of all assent forms {if such a form is used)?
[1(2.3) Completed and attached a copy of the Consent Form Checklist? (as appropriate—
see that checklist for instruchions)

Anmroved. Sentember 12, 2003 § fundated D2-09-02
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<] (3.0 FOR STUDIES INVOLVING ONLY SURVEYS, INTERVIEWS, OR
OQUESTIONMAIRES:
{3.1) Attached a copy of the cover letter/information sheet?
[¥] (3.2) Completed and attached a copy of the Survey/Interview/Questionnaire Consent
Checklist? (see that checklist for instructions)
B (3.3) Attached a copy of the actual survey, interview, or questionnaire questions in their
final form?

B4 (4.0) FOR ALL STUDENTS: Has your faculty research advisor:
] (4.1) Thoroughly reviewed and approved your study?
[=] (4.2) Thoroughly reviewed and approved your IRB paperwork? including:
(4 (4.2.1) Review request form,
[ {4.2.2) All comsent forms, (if used)
L] {4.2.3) All assent forms (if used)
(4.2.4) All Survey/Interview/Questionnaire cover letlers (if used)
[] (4.2.5) All checklists
[ (4.3) IMPORTANT NOTE: Your advisor's signature on the review request form
indicates that they have thoroughly reviewed your proposal and verified that it meets all
IRB and University reguirements, )
[ (5.0) Have vou retained a copy of all submitted documentation for vour records?
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Project Director's Certification
Program Involving HUMAN SUBJECTS

The proposed investigation involves the use of human subjects and 1 am submitting the complete application
form and project description to the Institutional Review Board for Research Involving Human Subjects.

[ understand that Institutional Review Board (IRB) approval is required before beginning any research and/or
data collection involving human subjects, I the Board grants approval of this application, | agree to:

1. Abide by any conditions or ehanges in the project required by the Board,

2, Report to the Board any change in the research plan that affects the method of using human subjects
before such change is instituted.

Report to the Board any problems that arise in connection with the use of human subjects.

Seek advice of the Board whenever [ believe such advice is necessary or would be helpful.

Secure the informed, written consent of all human subjects participating in the project.

Cooperate with the Board in its effort to provide a continuing review after investigations have been
initiafed

Milh il

I have reviewed the Federal and State regulations concerning the use of human subjects in research and training
programs and the guidelines. [ agree to abide by the regulations and guidelines aforementioned and will adhere
to policies and procedures deseribed in my application. [ understand that changes to the research muost be
approved by the IRB before they are implemented.

Professional Research

Project Director’s Signature Department Chairperson’s Signature

Student o

Student Rescarcher's Signature .
1 f .
or Shate BuldO), e [ M
Supervising Faculty Member’s Department Chafrperson’s Sigrifiture
Signature if required

ACTION OF REVIEW BOARD (IRB use only)

The Institutional Review Board for Research Involving Human Subjects has reviewed this application to ascertain whether
or not the proposed project:

1. provides adeguate safeguards of the rights and welfare of human subjects invelved n the investigations;

2. uses appropriate methods to obtain informed, written consent;

3. indicates that the potential benefits of the mvestigation substantially cutweigh the risk invalved.

4, provides adequate debriefing of human participants.

5. prowides adequate follow-up services to participants who may have incurred physical, mental, or emotional harm,
CJ Approved[ ] [ Disapproved
Chairperson, Institutional Review Board Date

Approved, September 12, 2005  {updated 02-04-09)
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Institutional Review Board
California University of Pennsylvania
Morgan Hall, Room 310
250 University Avenue
California, PA 15419
instreviewboard@calu.edu
Robert Skwarecki, Ph.D., CCC-SLP,Chair

Dear Paul Rucci:

Please consider this email as official notification that your proposal titled
"Knowledge of Plyometric Exercises amongst High School Coaches”
(Proposal #11-041) has been approved by the California University of
Pennsylvania Institutional Review Board as amended.

The effective date of the approval is 2-02-2012 and the expiration date is 2-
01-2013. These dates must appear on the consent form .

Please note that Federal Policy requires that you notify the IRB promptly
regarding any of the following:

(1) Any additions or changes in procedures you might wish for your study
(additions or changes must be approved by the IRB before they are
implemented)

(2) Any events that affect the safety or well-being of subjects

(3) Any modifications of your study or other responses that are necessitated
by any events reported in (2).

(4) To continue your research beyond the approval expiration date of 2-01-
2013 you must file additional information to be considered for continuing
review. Please contact instreviewboard@calu.edu

Please notify the Board when data collection is complete.
Regards,

Robert Skwarecki, Ph.D., CCC-SLP

Chair, Institutional Review Board


https://owamail.calu.edu/owa/redir.aspx?C=5b80de904d684f13a8ed6da5cad58762&URL=mailto%3ainstreviewboard%40calu.edu
https://owamail.calu.edu/owa/redir.aspx?C=5b80de904d684f13a8ed6da5cad58762&URL=mailto%3ainstreviewboard%40calu.edu
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NI
?ié California University
M of Pennsylvania

Dear High School Coach:

My name is Paul Rucci and | am currently a graduate student at California University of
Pennsylvania pursing a Master of Science degree in Athletic Training. Part of the
graduate study curriculum is to complete a research thesis through research and I am
conducting survey research to determine high school coaches’ knowledge of plyometric
exercise.

High school coaches in the state of Pennsylvania are being asked to participate in this
research; however, your participation is voluntary and you do have the right to choose not
to participate. You also have the right to discontinue participation at any time during the
survey completion process at which time your data will be discarded. The California
University of Pennsylvania Institutional Review Board has reviewed and approved this
project. The approval is effective 02/02/2012 and expires 02/02/2013

Data will be collected online via surveymonkey and will be kept confidential and
anonymous. Informed consent to use the data collected will be assumed upon return of
the survey. Aggregate survey responses will be housed in a password protected file on the
CalU campus. Minimal risk is posed by participating as a subject in this study. | ask that
you please take this survey at your earliest convenience as it will take approximately 20
minutes to complete. If you have any questions regarding this project, please feel free to
contact the primary researcher, Paul Rucci at RUC6286@calu.edu or by phone at (207)
944-4809. You can also contact the faculty advisor for this research Shelly DisCesaro at
dicesaro@calu.edu. Thank you in advance for your participation. Please click the
following link to access the survey (https://www.surveymonkey.com/s/LLCQ75C )

Again, thank you for taking the time to take part in my thesis research. | greatly
appreciate your time and effort put into this task. The survey can be found at
https://www.surveymonkey.com/s/LLCQ75C

Sincerely,

Paul Rucci, ATC

Primary Researcher

California University of Pennsylvania
250 University Ave

California, PA 15419

(207) 944-4809

RUC6286@calu.edu


mailto:RUC6286@calu.edu
https://www.surveymonkey.com/s/LLCQ75C
https://www.surveymonkey.com/s/LLCQ75C
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ABSTRACT

Title: High School Coaches’ Knowledge of Plyometric
Exercise

Researcher: Paul Rucci
Advisor: Dr. Shelly DiCesaro
Research Type: Master’s Thesis

Context: In light of the economic crisis Pennsylvania
school are facing, budgets do not normally afford strength
and conditioning coaches. Therefore, high school coaches
may often be leading conditioning programs, including
plyometric exercise for their athletes. However, it is
unknown if coaches actually do include plyometric programs
into their practice or if they have the proper knowledge of
plyometrics to implement them in a safe and effective
manner.

Objective: The purpose of this study was to identify high
school coaches in Pennsylvania that use plyometric
exercises as part of their workouts for high school
athletes and gain a better understanding of their level of
knowledge with this type of training.

Design: Descriptive research study

Setting: The survey was distribute via email to high school
coaches in the state of Pennsylvania

Subjects: High school coaches from the state of
Pennsylvania in the PIAA were surveyed for this study.

Interventions: The independent variables for this study
were 1) high school coaches’ gender, 2) high school
coaches’ gender of sport they coach, and 3) high school
coaches’ age group. This survey was conducted via an online
survey program. The survey was distributed to high school
athletic directors in the PIAA who in turn, forwarded the
survey link to their coaches’. The survey was open for 4
weeks with a reminder email sent at 2 weeks into the
survey.

Measurements: All data was analyzed via SPSS version 18
with an alpha level of 0.05 Coaches gender and sport gender



coached was evaluated via a one way independent t-test.
High school coach’s age group was evaluated utilizing an
ANOVA.

Results: P-values of the first two interventions were
p=.188, and p=.170 respectively showing no sign of
significance. The significance found in the 3*¢
intervention, p=.976 was also not significant.

Conclusion: Although no significance was found in the
study, it is worth noting that coaches scored A mean o f6
out of 20 answers correctly in the survey. This may
indicate that coaches need to be educated regarding
plyometric exercise and implementation into daily
practices.
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