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Abstract 

Purpose of Thesis 

The study was performed to determine how valid a chest press exercise is using 

exercise tubing vs. a weight stack machine. This was determined by examining the 

maximum value of the action potential at different intervals and frequency of muscle 

fIring (Root Mean Square). The purpose of the study is to compare the tiring patterns of 

action potentiation between the two chest press exercises. Electromyographical analysis 

was used to determine a maximum value and RMS of the upright chest press utilizing a 

weight stack and exercise tubing. 
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Introduction 

Exercise tubing is used for three main objectives; injury prevention, performance 

enhancement, and strength training, according to Purvis. Its versatility of movement and 

ability to provide safe resistance in different planes is well recognized. Tubing's ability 

to effectively use large muscle groups for the purpose of strength training is not well 

recognized, however. This is especially true when trying to exercise the chest muscles 

that surround the shoulder joint. It is difficuh to isolate and train muscles that surround a 

joint that was engineered to have tremendous available motion. The shoulder joint 

muscles do not maintain a mechanical advantage through the entire range of joint motion 

(Purvis 48). For the chest press exercise, a common exercise picked to isolate the 

pectoralis major and the anterior deltoid, free weights and weight stack machine are most 

often preferred. This study hopes to demonstrate that exercise tubing can stress the 

specific muscles of the shoulder joint in the same manner as a weight stack machine. The 

action potentiation of the muscle in each exercise will be measured and hopefully give 

validity to strength training with exercise tubing. 



- Methodology 

The purpose of this study is to compare the firing patterns of action potentiation 

of two selected chest press exercises. Electromyographical (EMG) analysis will be used 

to determine the maximum value and root mean square (RMS) for an upright chest press 

exercise utilizing a weight stack machine and an upright chest press utilizing exercise 

tubing. 

Subjects 

Five subjects will be used from the Ball State University men's varsity football 

team on a volunteer basis and based on their availability. Each testing session will take 

place in the Ball State University Human Performance Lab in the Biomechanics 

Laboratory. Informed consent was obtained in accordance with the Ball State University 

Institutional Review Board (See Appendix A) for the protection of human subjects 

procedures. All data will be treated with anonymity and confidentiality to protect the 

integrity of each subject. 

Instrumentation 

Two sets of silver-silver chloride surface electrodes connected to three 

preamplifiers (PI5, Grass Instrument Co.) were used to obtain the EMG signals. The 

preamplifiers were interfaced to a Macintosh IIci computer. The Superscope computer 

program (GW Instruments, Inc.; Sommerville, MS) was used to rectify and filter raw 

EMG signals. Prior to the EMG electrode placement, the subjects muscle bellies were 

lightly abraded with an exfoliating pad and swabbed with rubbing alcohol to ensure good 

skin contact with the electrodes. The pairs of the electrodes were then placed 

longitudinally along the muscle fibers of the pectoralis major and the anterior deltoid on 

the subjects dominant side. A ground electrode for each pair of active electrodes was 

placed on the nearest bony prominence; the forehead. The myoelectric signal sample rate 

was set at 2000 Hz with 10 Hz for the low pass filter and 100Hz for the high pass filter. 

Two cells attached to the ends of the exercise tubing were used to determine the 

amount of force exerted by the stretching of the tubing. This force will be used to 
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determine a corresponding poundage on the weight stack machine for the second 

exercise. 

Procedll1'e 

Before reporting to the Ball State University Biomechanics Lab, the subjects will 

be instructed to remove all excess body hair from the electrode placement sites 24 hours 

before testing. After the informed consent is comprehended and signed by the subjects, 

they will begin a five minute warm-up cycle on the Cybex stationary bicycle at a slow 

speed with minimal resistance to warm the core body temperature. After warm- up, static 

stretches will be performed by the subject to loosen the shoulder muscles. A set of ten 

push- ups will also be performed to warm- up the joint for the similar motion during 

testing. 

After the application of the electrodes, an Isometric Maximum value will be 

collected. The subject will be in a push-up position with an elbow bend of90 degrees 

when resistance will be applied at the shoulder blades. The subject will be instructed to 

try to push all the way extended, but the movrnent will be resisted for five seconds. Then 

the subject will be asked to sit in a chair with a high back support. A towel mIl was 

placed between the lower lumbar vertebrae and the back of the chair to ensure proper 

posture and anatomical position during the exercise. The exercise tubing was placed at 

shoulder level and harnessed around the chair. The chest press exercise was performed 

the number of trials needed to collect data from exercise with the tubing. A metronome 

was used to pace the slow, concentric motion of extension to utilize the full five seconds 

for the full range of motion. The data was observed and recorded between each trial. 

Then the subjects were asked to sit at an upright seated chest press weight stack machine. 

The proper height of the seat was adjusted to ensure the exercise was performed in the 

proper anatomical position. The subjects were asked to harness their legs underneath the 

leg pads. The weight stacks were set from the force information obtained from the strain 

gauge. Then the subjects performed trails with regulation by the metronome until the 

data could be collected. The data was observed and recorded between each trial. All the 

data was analyzed and the most descriptive results were taken from each of the two 

exercises for each subject. 



- Data Analvsis 
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The EMG waves were cut into one- second intervals and rectified. The dependent 

variables at each second were the %MVC (maximum voluntary contraction) for EMG 

maximum values and the %MVC for the root mean square (RMS). The means and 

standard deviations were calculated for each variable at each second interval for the 

pectoralis major and the anterior deltoid utilizing both resistance types. A two way 

repeated measure analysis of variance (ANOVA) was run on the dependent variables 



-

-

Review of Literature 

To understand the foundation of this study, background knowledge needs to be 

discussed in basic muscle physiology and chest exercise involving the surrounding 

shoulder muscles. The properties and application of both exercise tubing and the fixed 

weight stack machine need to be compared. The foundations of electromyography and 

the strain gage will also be addressed. 

Muscle Phvsiology 

In the prescription of resistance exercise, motor unit recruitment is of fundamental 

importance. The motor unit is the motor nerve and the muscle fiber it innervates. The 

more force demand placed on the muscle, the more muscle tissue is recruited for the 

performance of the movement. Increased recruitment equals increased strength in those 

fibers recruited (Kraemer 50). Only the motor units that are recruited to produce force 

will be subject to adaptational changes with exercise. When strength training, the 

objective is to overload stress the muscle through a full range of motion obtaining the 

most recruitment possible (Behm 67). 

Chest Exercise 

Before exercising the shoulder, the limitations of the pectoralis major need to be 

considered. The joint is engineered to have tremendous available motion; thus the 

surrounding muscles were designed to not maintain a mechanical advantage through the 

entire range of joint motion (Purvis 47). This poses somewhat ofa challenge when 

strengthening these muscles, in particular the pectoralis major. The key to pec (pectoralis 

major) training is working within variations of horizontal adduction and maintaining 

some degree of scapular adduction. When trying to exercise this muscle using elastic 

tubing, it is more advantageous to have it anchored at shoulder level as opposed to being 

held solely by the user (46). 
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Elastic Tubing 

The main property of elastic tubing is its elasticity. Elasticity is defmed as the 

property by which a body resists or recovers from deformation produced by force (46). 

Because of its elasticity, it is important to note that a temperature change will affect the 

temperature ofthe tubing. For instance, a decrease in temperature will cause an increase 

in tension and as a result, shorten the elastic limit. Because of the elastic limit, it is not 

effective to create tension by using length, but rather thickness. The thicker the tubing, 

the greater the resistance (46). When trying to increase tension during an exercise, it is 

not advantageous to regrip during the motion. This may cause an inappropriate increase 

in resistance (46). Compensations could be made by trying to structure the exercise so 

the decreased resistance coincides with the weaker points in the range ofmotion (ROM). 

Also, the use of several thin tubes would solve this problem. It would allow for a better 

range of elasticity, but also a greater ability to add resistance incrementally. The tension 

would increase consistently during the full range. 

When discussing the application ofload, resistance must oppose the body's 

motion. It must fall in the same plane as, and in opposite direction to, the muscular 

action that is the goal (47). If it falls outside the path, the tubing applies not only a less 

effective load on the muscle, but also a detrimental force on the joints and the ligaments 

(47). For example, if the force is in line with the limb (if it falls in front of the joint) the 

force is not creating or resisting motion at that point on that muscle. The further the force 

is directed away from the joint (max 90 degrees), the greater the applied force (47). As 

long as the tube is moved in the plane ofthe motion, it can be ahered for varying effect 

based on the specific goals ofthe joint. 

Tubing can provide all aspects of a complete resistance training program; (1) 

progressive overload, (2) movement specificity, and (3) velocity specificity (Behm 69). 

Because of its application, tubing is beneficial for injury prevention, strength training, 

and performance enhancement. Tubing provides an opportunity to blend both resistance 

and speed. The possibility of injury is lessened since momentum is diminished by the 

increasing tension ofthe tubing. This promotes an overload of the muscle near the end of 

the ROM (67). Tubing is also effective because it allows movement specificity, not just 
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Many weight stacks, by contrast, have larger incremental changes (10 lbs. at a time), that 

are inadequate for most training or rehab programs (Norman 35). 

Electromyography measure the electrical activity generated by the differences in 

action potential between two sites on the same muscle. It is measure through the use of 

electrodes which are sensitive to change in electrical current (Hamilton 605). EMG can 

be used to; (1) determine the activation timing of the muscle, that is, when the excitation 

to the muscle begins and ends; (2) to estimate the force produced by the muscle; and (3) 

to obtain an index of the rate at which the muscle fatigues through the analysis of the 

frequency spectrum of the signal (DeLuca 9). When collecting and analyzing EMG data, 

there are several issues of concern. The ratio of energy in the EMG signal to the energy 

in the noise signal (signals not part of the wanted EMG) (1). There is inherent noise in 

the electronics component in the detection and recording equipment. Ambient noise 

exists from the electromagnetic radiation, (radio, and TV transmissions). Another type of 

noise is a motion artifact. This is the interface between the detection surface of the 

electrode and the skin. It also includes any cable movement attached to the amplifier. 

There is also an inherent instability of the signal to consider. The amplitude of the wave 

is quasi- random in nature, and is affected by the firing of the motor units (5). The noise 

is filtered out by differential amplification. The signal is detected at two sites and the 

electronic circuitry subtracts the two, then amplifies the difference (14). This 

"subtractor" is the CMRR or the Common Mode Rejection Ratio. 

An important factor in EMG reading is electrode stability. When an electrode 

comes in contact with the skin, a reaction occurs with the electrolytes of the skin. This 

reaction allows the electrode readings to remain stable even during humidity and sweat 

(5). When taking EMG readings, it is a requirement for high input impedance. This 

introduces a problem known as capacitance coupling at the differential amplifier. The 

solution is to place differential amps as close as possible to detection surfaces of the 

electrodes. 



The EMG data is interpreted in the form of waves. The amplitude ofthe signal is 

stochastic or random. This is represented by the Gausian distribution function. The 

usable energy ofthe signal is limited to the 0 to 500 Hz frequency range with dominant 

energy being in the 50 to 150 Hz range. This range is above the electrical noise level (2). 

Because of the specificity ofthe measurements, electrode geometry is crucial. 

The electrodes are designed to maximize the number of muscle fibers that the surface 

would cover, but also it needs to minimize the electrical noise generated at the skin 

interface. The ideal shape ofan electrode is then a "bar" shape (6). The distance of the 

inter detection surface of lcm provides a configuration that detects representative 

electrical activity of muscle during contraction. The actual electrodes need to be placed 

between a motor point and the tendon insertion; or between two motor points and along 

the longitudinal midline of the muscle. This usually means they are placed across the 

belly of the muscle, parallel to the length of the muscle fibers (7). The motor points are 

the points on the muscle where the introduction of minimal electrical current causes a 

perceptible twitch of the surface muscle fibers. Signal stability also requires the use ofa 

ground electrode, which is placed on a bony prominence as far away from the detection 

equipment as possible. 

Strain Gage 

A strain gage is an electromechanical transducer that is used to measure force 

from tension. A transducer is a device, which translates an input of mechanical energy 

into equivalent electrical signals for measuring and/or controlling the input phenomena 

(Measurements 1). The strain gage is located at the source of the physical force, or 

energy, and responds to its magnitude. The control instrumentation can be positioned at 

any convenient distance from the transducer and connected to it by wiring. 

The actual force- measuring transducers are the "load cells". They contain a 

spring element. This spring element serves as the reaction to the applied load. It focuses 

the effect of the load into an isolated, preferably uniform, strain fields where strain gages 

can be placed for load measurement (7). Because the strain is proportional to the load, 
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- Results 

Resuhs of the electromyographical data is reported in Table 1 and Table 2, respectively. 

Table 1. indicates that the anterior deltoid is stressed in an increasing manner in both the weight 

stack (WS) and the exercise tubing exercises. They alternate at different second intervals as to 

which one provides the highest percent of the Isometric Maximum (%MVC). From the 0-1 

second, the weight stack shows a slightly higher percent ofthe maximum. From the 1-2 second 

frame, the tubing is favored in taxing the muscle. The 2-3 second segment favors the weight 

stack exercise. The tubing is favored in the last two stages of the ROM. The tubing produces a 

consistent increase in maximal contraction, while the weight stack peaks during the 2-3 second 

interval. 

For the pectoralis major, tubing decreases in maximum voluntary contraction until the 3-4 

second segment where it begins to increase. Exercise with the weight stack shows increasing 

values until the final segment when the percent max tapers. The weight stack values are 

consistently higher for the in maximal contraction when compared to tubing except in the first 

time segment. 

Table 1. Mean and standard deviation values for %MVC of maximum EMG values (volts). 

0-1 1-2 2-3 3-4 4-5 

Delt Tube 0.094 0.138 0.184 0.240 0.310 
(0.030) (0.062) (0.070) (0 .. 092) (0.123) 

Pec Tube 0.312 0.262 0.186 0.198 0.242 
(0.181) (0.075) (0.100) (0.100) (0.190) 

DeltWS 0.099 .0111 0.247 0.194 0.162 
(0.030) (0.025) (0.250) (0.170) (0.156) 

PecWS 0.219 0.270 0.333 0.493 0.301 
(0.072) .0(032) (0.053) (0.254) (0.141) 

In Table 2. The anterior deltoid has a consistent increase in RMS for both exercises. The 

frequency of muscle firing is greater in every interval except at the first interval where the weight 

- stack produces the greater muscle firing frequency. 



-

The pectoralis major has the highest frequency of muscle firing during the weight stack 

exercise, except during the first interval. When exercising with the tubing, the RMS decreases 

until the time segment, 2-3 second, then it increases. The weight stack produces a muscle firing 

frequency that increases until the last interval where it decreases. 

The statistical data (Appendix B) shows that the only significant difference between the 

exercise conditions occurs during the 3-4 second interval. The RMS is significantly greater for 

the weight stack as compared to the exercise tubing. The only other statistical significance that 

exists occurs between the pectoralis major and the anterior deltoid for the maximum contraction 

during interval 1-2 second, and for RMS during the following intervals: 0-1, 1-2, 2-3, and 3-4. 

For the significant maximum EMG data difference, the pectoralis major produces the highest 

percent of Isometric Maximum. In the RMS, it is the pectoralis major that always has a 

significantly higher rate of muscle firing. 

Table 2. Mean and standard deviation values for %MVC of root mean square EMG values 
(volts). 

0-1 1-2 2-3 3-4 4-5 

Delt Tube 0.104 0.152 0.188 0.240 0.328 
(0.059) (0.119) (0.090) (0 .. 117) (0.206) 

Pec Tube 0.340 0.295 0.284 0.307 0.334 
(0.139) (0.109) (0.127) (0.154) (0.205) 

Delt WS 0.121 .0126 0.173 0.180 0.318 
(0.070) (0.059) (0.110) (0.129) (0.294) 

PecWS 0.321 0.356 0.402 0.457 0.386 
(0.125) (0.115) (0.064) (0.151) (0.168) 
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Discussion 

The statistical data only shows one significant difference in the two conditions 

and that was during the RMS of the 3-4 second interval. At this interval, the maximums 

were not significantly different, but they differed in their muscle frequency of firing 

pattern. The only other significant data existed between the RMS of the muscle's 

themselves during the first four intervals of the weight stack exercise. This data seems to 

indicate that there is very little difference between the two exercises as far as obtaining a 

percent of the maximal contraction. The only difference that does exist is in the muscle 

firing frequency and it seems to show that the weight stack has greater activity in the 

muscle. 

The variations seen in the frring of the pectoralis major is consistent with the 

literature which stressed the difficulty of isolating and continuously stressing this chest 

muscle during a full ROM due to the mobility of the shoulder joint. The data appears to 

show, though, that the trading of loads amongst muscles in regards to the muscle firing 

frequency, is only significant in the weight stack. 

Limitations 

Potential sources existed in this experiment like in any project where human error 

could be a factor. The strain gauge is a potential source of error because it was only 

designed to handle a small amount of stress. When transferred into poundage, it equaled 

only about 121bs. This small force along with the strength level of my large, highly 

trained subjects, perhaps did not stress the muscle enough with a load that mayor may 

not have shown any significant difference in the conditions. The percent body fat of the 

subjects was also a potential source of error. EMG signals are better conducted in a 

subcutaneous layer that contains a minimal body fat index. It can be assumed that some 

of the subjects exceeded the ideal standard. 
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Summary of Proposed Research Project 

Rationale for Study 
The study is being perfonned to detennine how valid a chest press exercise is using 
exercise tubing vs. a weight stack machine. This will be detennined by examining the 
maximum value of the action potential at different intervals and frequency of the muscle 
firing (Root mean square). 

Purpose 
The purpose of this study is to compare the firing patterns of action potentiation of two 
selected chest press exercises. Electromtographical analysis will be used to detennine a 
maximum value and root mean square (RTIS) for an upright chest press exercise utilizing 
a weight stack machine and an upright chest press utilizing a IOmm thick exercise tubing. 

Methods and Procedure 
Upon arrival, all subjects will read the subject information and sign the informed consent 
based on the IRB protocol. After a five minute warm- up session on a stationary bike. to 
elevate the core body temperature, active tricep and pectoralis stretches will be 
performed. A set of ten push- ups will also be performed to directly stimulate the 
muscles involved in the study. Then subjects will be prepared for electromyography. 
Subjects will be instructed to remove all excess body hair from the electrode placement 
sites 24 hours before testing. Each subject's testing sites (triceps, chest, anterior deltoid) 
will be lightly abraded wilh an exfoliating pad then swabbed with rubbing alcohol to 
ensure proper adhesion of the electrode collars. Electrodes will then be adhered to the 
subjects at the appropriate sites. Three sets of silver- silver chloride surface electrodes 
connected to three preamplifiers (PIS, Grass Instrument,Co.) will be interfaced to a 
Macintosh II c, desktop computer utilizing the Superscope (GW Instruments, Inc., 
Somerville, MS) software package. 

Each subject will be required to perfonn three trials of each exercise. The subjects 
will perform the upright chest press with exercise tubing. The subjects will sit in a high 
backed chair with the tubing harnessed around the back of the chair at shoulder level 
while using proper technique during each trial. The force will be detennined by a strain 
gauge. Then the corresponding force will be used in the weight stack machine. The 
subjects will sit at the weight stack machine with their legs harnessed under the leg pads. 
The height of the seat will be adjusted accordingly. Then the subjects will perform three 
trials of chest press with proper technique. 

Subjects 
Five subjects will be used from the Ball State University men's varsity football team on a 
volunteer basis based on their availability. This is a pilot study that is seeking to identify 
a trend. If a trend is revealed, a power study can then be performed with a larger test 
group. Each testing session will take place in the Ball State University Human 
Performance Laboratory. All data will be treated with anonymity and confidentiality to 
protect the integrity of each subject. 
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Potential Risks to Subjects 
There is a potential risk in any performance. The risk of injury in this study and testing 
protocol is minimal, however. Possible injuries that can occur are, but not limited to: 
muscle strain, muscle soreness, muscle tightness, and injury to the joint. Precautions to 
avoid any injury will be limited by the following the proper warm- up and stretching. 
Also, the load will be minimal to prevent any strain or stress. 

Safegaurd to Reduce Risks 
In order to achieve maximal safety to the subjects, each testing session will be run in an 
organized, efficient manner. Testing sites will be clear of obstruction with all equipment 
in proper working condition. Equipment checks will proceed all testing sessions. Also, a 
five minute warm-up will be performed by each subject to elevate the core body 
temperature. 

Anticipated Benefits to Subjects 
Participation in this study will allow each subject to witness the most efficient exercise 
for training the muscles surrounding the shoulder joint. Participants will also gain 
experience with a variable strength training method, ego Exercise tubing. 

Ratio of Risks to Benefits 
There are greater benefits to be obtained from this study than any risks of harm and/or 
InJury. 



Information for Subjects and Informed Consent 

The research project titled" An electromyographical analysis of two selected exercises utilizing two 
different resistance genres" \\<ill test the frequency and strength of muscle firing throughout the two 
exercises. The study, which will take place in the Human Performance Lab, will require one session of 
two exercises. Testing will approximately be a half an hour in duration for each subject. The vertical 
chest press will be performed on a weight stack machine and in a high back chair \\<ith exercise tubing. 
Each exercise will be performed three times following a five minute warm- up session on a stationary bike 
in order to raise the core body temperature. Active tricep and pectoralis stretches \\<ill be performed after 
cycling. A set of ten push- ups will also be performed to directly warm- up and stimulate the muscles to be 
used in the testing. 

Each subject will be required to remove all excess body hair from the electrode placement sites 24 hours 
before testing. Each subjects testing sites(triceps, chest, and anterior deltoid) will be lightly abraded \\<ith 
an exfoliating and then swabbed with rubbing alcohol to ensure proper adhesion of the electrode collars. 
All trails \\<ill be performed with silver- silver chloride surface electrodes attached to the testing sites. 

The data collected from this study will be treated \\<ith anonymity and confidentiality to protect the integrity 
of each subject. Names of the subject will not appear in any literature or data reports. 

Inherent in any physical performance lies the possibility or risk of injury. Possible injuries that can occur 
in this study are. but not limited to: muscle strain, muscle soreness, muscle tightness, and injury to the joint. 
Injury will be minimized by follo\\<ing the proper warm- up and stretching. Also, the exercise load will be 
minimal to prevent any strain or stress. The risks in this study are not severe or do not pose a high 
incidence to injury. Participation in this study will allow subjects to ascertain the most efficient and 
effective way to train the muscles surrounding the shoulder joint. 

Participation in this study is voluntary and all subjects are free to withdraw his consent and to discontinue 
activity in this study at any time without prejudice from the investigator. 

Should you have any questions or concerns prior to signing this consent form, or during the course of your 
participation. please feel free to ask the investigator at any time. 

For your rights as a research subject, the following person's may be contacted: Ms Sandra Smith 
Coordinator of Research Compliance, Office of Academic Research and Spons"bltd Programs, Ball State 
University. Muncie. IN 47306, (765)285-1600. or Dr Sharon Paulson. Chairperson of the Institutional 
Review Board Dept. of Educational Psychology, Ball State University, Muncie, IN 47306. (765)285-8500. 

I. , agree to participate in the study titled" An electromyographical 
analysis of two selected exercises utilizing different resistance genres." I have had the study explained to 
me and my questions have been answered satisfactorily. I have read the deSCription of the study and give 
my consent to participate. I understand that I will receive a copy of this consent to keep for future 
reference. 

Participant's Signature 

Principal Investigator 
Katy Sandberg 
Human Performance Laboratory 
Ball State University 
Muncie, IN 47306 
(765) 281-9347 

Date 

Faculty Supervisor 
Wesley Waggener 
School of Physical Education 
Ball State University 
Muncie. IN 47306 
(765) 285-8252 
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Ball State University 
Academic Affairs 
Office of Academic Research and Sponsored Programs 

INSTITUTIONAL REVIEW BOARD 

TO: 

FROM: 

DATE: 

RE: 

Katy Sandberg 
Clo Wesley Waggener 
Physical Education 

Sharon paul~Chair 
Institutional Review Board 

April 2, 1999 

Human Subjects Protocol 1.0. -IRB #99-227 

Your protocol entitled -An Electromyographical Analysis of Two Selected 
Exercises Utilizing Different Resistance Genres· has recently been approved as 
revised as an expedited study by the Institutional Review Board. Such approval 
is in force during the project dates April 2, 1999 to April 2, 2000. 

It is the responsibility of the P .1. and/or faculty supervisor to inform the IRB: 

when the project is completed, or 
if the project is to be extended beyond the approved end date, 
if the project is modified, 
if the project encounters problems, 
if the project is discontinued. 

Any of the above notifications should be addressed in writing to the Institutional 
Review Board, clo the Office of Academic Research & Sponsored Programs 
(2100 Riverside Avenue). Please reference the above identification number in 
any communication to the IRB regarding this project. Be sure to allow sufficient 
time for extended approvals. 

ceg 

pc: Wesley Waggener 

765-285-1600 Muncie. Indiana 47306-0155 FAX: 765-285-1624 
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Deltiod Resistance Band 

0-1 seconds 1-2 seconds 2-3 seconds 3-4 seconds 4-5 seconds 
. ....LSubject Max RMS Max, RMS Max RMS Max RMS Max RMS 

1 0.122 0.03 0.226 0.08 0.303 0.085 0.322 0.093 0.513 0.113 

2 0.176 0.046 0.2 0.071 0.259 0.085 0.4 0.122 0.381 0.12 
3 0.225 0.053 0.386 0.093 0.391 0.091 0.62 0.118 0.757 0.179 
4 0.239 0.048 0.273 0.048 0.591 0.136 0.596 0.158 0.723 0.193 
5 0.2 0.095 0.361 0.11 0.405 0.134 0.508 0.161 0.889 0.247 

Mean 0.1924 0.0544 0.2892 0.0804 0.3898 0.1062 0.4892 0.1304 0.6526 0.1704 
SO 0.046144 0.024276 0.08176 0.023309 0.127825 0.026414 0.12726 0.028815 0.203098 0.055424 

Pectoralis Major Resistance Band 

0-1 seconds 1-2 seconds 2-3 seconds 3-4 seconds 4-5 seconds 
Sulliect Max RMS Max RMS Max RMS Max RMS Max RMS 

1 0.059 0.037 0.068 0.038 0.083 0.039 0.093 0.039 0.112 0.042 
2 0.278 0.057 0.176 0.049 0.083 0.04 0.088 0.041 0.103 0.043 
3 0.088 0.04 0.088 0.042 0.127 0.046 0.132 0.052 0.2 0.063 
4 0.122 0.053 0.156 0.058 0.142 0.057 0.166 0.058 0.142 0.059 
5 0.435 0.108 0.171 0.069 0.151 0.064 0.161 0.069 0.151 0.065 

Mean 0.1964 0.059 0.1318 0.0512 0.1172 0.0492 0.128 0.0518 0.1416 0.0544 
SO 0.157919 0.028662 0.050162 0.012518 0.032376 0.010941 0.036654 0.012398 0.038292 0.011082 

Deltoid Weight Stack Machine 

0-1 seconds 1-2 seconds 2-3 seconds 3-4 seconds 4-5 seconds 
Subject Max RMS Max RMS Max RMS Max RMS Max RMS 

1 0.142 0.039 0.156 0.039 0.122 0.037 0.239 0.051 0.156 0.04 
2 0.225 0.101 0.269 0.106 0.483 0.117 0.2 0.075 0.229 0.072 
3 0.244 0.059 0.176 0.051 0.205 0.049 0.356 0.077 0.273 0.073 
4 0.181 0.032 0.215 0.034 0.166 0.038 0.146 0.031 0.049 0.018 
5 0.244 0.088 0.396 0.123 1.65 0.271 1.152 0.262 1.021 0.235 

Mean 0.2072 0.0638 0.2424 0.0706 0.5252 0.1024 0.4186 0.0992 0.3456 0.0876 
SO 0.044617 0.030078 0.09608 0.040991 0.644414 0.099894 0.417177 0.092947 0.38696 0.085576 

Pectoralis Major Weight Stack Machine 

0-1 seconds 1-2 seconds 2-3 seconds 3-4 seconds 4-5 seconds 
Subject Max RMS Max RMS Max RMS Max RMS Max RMS 

1 0.073 0.038 0.078 0.038 0.068 0.037 0.078 0.038 0.078 0.038 
2 0.151 0.051 0.171 0.064 0.195 0.063 0.142 0.056 0.146 0.053 
3 0.112 0.048 0.112 0.047 0.112 0.048 0.298 0.068 0.195 0.063 
4 0.161 0.066 0.283 0.076 0.518 0.122 0.791 0.142 0.269 0.092 
5 0.195 0.072 0.254 0.081 0.288 0.095 0.312 0.098 0.225 0.078 

Mean 0.1384 0.055 0.1796 0.0612 0.2362 0.073 0.3242 0.0804 0.1826 0.0648 
SO 0.04703 0.01382 0.088308 0.018431 0.178542 0.035021 0.27953 0.040777 0.07365 0.021064 

Isometric Ma>eimums 
Deltoid Pec Major 

Subject # Max RMS Max RMS 
1 0.127 0.058 0.063 0.035 - 2 2.656 0.736 0.591 0.158 
3 1.719 0.285 0.381 0.1 
4 2.29 0.826 1.265 0.377 
5 2.681 0.86 0.962 0.234 

Mean 1.8946 0.553 0.6524 0.1808 
SO 1.061808 0.360249 0.473273 0.131938 



% MVC Deltoid Resistance Band 

0-1 seconds 1-2 seconds 2-3 seconds 3-4 seconds 4-5 seconds 
J.c:JJbject Max RMS Max RMS Max RMS Max RMS Max RMS 

1 0.96063 0.517241 1.779528 1.37931 2.385827 1.465517 2.535433 1.603448 4.03937 1.948276 

2 0.066265 0.0625 0.075301 0.096467 0.097515 0.115489 0.150602 0.165761 0.143449 0.163043 

3 0.13089 0.185965 0.224549 0.326316 0.227458 0.319298 0.360675 0.414035 0.440372 0.62807 

4 0.104367 0.058111 0.119214 0.058111 0.258079 0.164649 0.260262 0.191283 0.315721 0.233656 
5 0.074599 0.110465 0.134651 0.127907 0.151063 0.155814 0.189482 0.187209 0.331593 0.287209 

Mean 0.26735 0.186857 0.466649 0.397622 0.623988 0.444153 0.699291 0.512347 1.054101 0.652051 
SD 0.388397 0.191723 0.735926 0.558459 0.986919 0.576206 1.029538 0.618281 1.6722 0.746335 

%MVC Pec Major Resistance Band 

0-1 seconds 1-2 seconds 2-3 seconds 3-4 seconds 4-5 seconds 
Subject Max RMS Max RMS Max RMS Max RMS Max RMS 

1 0.936508 1.057143 1.079365 1.085714 1.31746 1.114286 1.47619 1.114286 1.777778 1.2 
2 0.470389 0.360759 0.2978 0.310127 0.14044 0.253165 0.1489 0.259494 0.174281 0.272152 
3 0.230971 0.4 0.230971 0.42 0.333333 0.46 0.346457 0.52 0.524934 0.63 
4 0.096443 0.140584 0.12332 0.153846 0.112253 0.151194 0.131225 0.153846 0.112253 0.156499 
5 0.452183 0.461538 0.262109 0.294872 0.156965 0.273504 0.16736 0.294872 0.156965 0.277778 

Mean 0.437299 0.484005 0.398713 0.452912 0.41209 0.45043 0.454026 0.468499 0.549242 0.507286 
SD 0.319875 0.342482 0.386041 0.366172 0.513489 0.387477 0.577899 0.384879 0.70628 0.426006 

%MVC Deltoid Weight Stack Machine 

0-1 seconds 1-2 seconds 2-3 seconds 3-4 seconds 4-5 seconds 
Subject Max RMS Max RMS Max RMS Max RMS Max RMS 

1 1.11811 0.672414 1.228346 0.672414 0.96063 0.637931 1.88189 0.87931 1.228346 0.689655 
2 0.084714 0.137228 0.10128 0.144022 0.181852 0.158967 0.075301 0.101902 0.08622 0.724138 
3 0.141943 0.207018 0.102385 0.178947 0.119255 0.17193 0.207097 0.270175 0.158813 0.25614 
4 0.079039 0.038741 0.093886 0.041162 0.072489 0.046005 0.063755 0.03753 0.021397 0.021792 
5 0.091011 0.102326 0.147706 0.143023 0.615442 0.315116 0.42969 0.304651 0.380828 0.273256 

Mean 0.302963 0.231545 0.334721 0.235914 0.389934 0.26599 0.531547 0.318714 0.375121 0.392996 
SD 0.456369 0.253837 0.500004 0.249388 0.385319 0.228828 0.7691 0.332751 0.495833 0.30353 

% MVC Pectoralis Major Weight Stack Machine 

0-1 seconds 1-2 seconds 2-3 seconds 3-4 seconds 4-5 seconds 
Subject Max RMS Max RMS Max RMS Max RMS Max RMS 

1 1.15873 1.085714 1.238095 1.085714 1.079365 1.057143 1.238095 1.085714 1.238095 1.085714 
2 0.255499 0.322785 0.28934 0.405063 0.329949 0.398734 0.240271 0.35443 0.247039 0.335443 
3 0.293963 0.48 0.293963 0.47 0.293963 0.48 0.782152 0.68 0.511811 0.63 
4 0.127273 0.175066 0.223715 0.201592 0.409486 0.323607 0.625296 0.376658 0.212648 0.244032 
5 0.202703 0.307692 0.264033 0.346154 0.299376 0.405983 0.324324 0.418803 0.233888 0.333333 

Mean 0.407634 0.474252 0.461829 0.501705 0.482428 0.533093 0.642028 0.583121 0.488696 0.525704 
SD 0.424503 0.358509 0.43484 0.341202 0.336872 0.298136 0.399235 0.309803 0.436366 0.345338 

--
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Monday, April 26, 1999, 20:32:20 

Two Way Repeated Measures Analysis of Variance on Two Factors 
Balanced Design 

Dependent Variable: %MVC MaxO-1 

Normality Test: Failed (P 0.0001) 

Equal Variance Test: Passed (P 1.0000) 

Source of Variance DF SS MS 
Subject 3 0.03463 0.01154 
Condition 1 0.00765 0.00765 
Condition x Subject 3 0.01695 0.00565 
Muscle 1 0.11502 0.11502 
Muscle x Subject 3 0.04375 0.01458 
Condition x Muscle 1 0.00956 0.00956 
Residual 3 0.02319 0.00773 
Total 15 0.25076 0.01672 

Source of Variance F P 
Subject 
Condition 1.35 0.3286 
Condition x Subject 
Muscle 7.89 0.0674 
Muscle x Subject 
Condition x Muscle 1.24 0.3471 
Residual 
Total 

The difference in the mean values among the different levels of Condition are 
not great enough to exclude the possibility that the difference is just due 
to random sampling variability after allowing for the effects of differences 
in Muscle. There is not a statistically significant difference (p = 0.329). 

The difference in the mean values among the different levels of Muscle are 
not great enough to exclude the possibility that the difference is just due 
to random sampling variability after allowing for the effects of differences 
in Condition. There is not a statistically significant difference (p = 
0.0674) . 

The effect of different levels of Condition does not depend on what level of 
Muscle is present. There is not a statistically significant interaction 
between Condition and Muscle. (P = 0.347) 

Power of performed test with alpha 
Power of performed test with alpha 
Power of performed test with alpha 
0.0661 

Least square 
Group 
Tubing 
Stack 

means for Condition 
Mean 

0.203 
0.160 

Least square means for Muscle 
Group 
Pec 

Mean 
0.2662 

0.0500: 
0.0500: 
0.0500: 

SEM 
0.0328 
0.0328 

SEM 
0.0404 

for Condition: 0.0731 
for Muscle: 0.437 
for Condition x Muscle 



-- Delt 0.0966 0.0404 

Least square means for Condition x Muscle 
Group Mean SEM 
Tubing x Pec 0.3125 0.0497 
Tubing x Oe1t 0.0940 0.0497 
Stack x Pec 0.2199 0.0497 
Stack x Delt 0.0992 0.0497 

, 

-
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Monday, April 26, 1999, 20:38:13 

Two Way Repeated Measures Analysis of Variance on Two Factors 
Balanced Design 

Dependent Variable: %MVC Maxl-2 

Normality Test: Failed (P 0.0010) 

Equal Variance Test: Passed (P 1.0000) 

Source of Variance OF SS MS 
Subject 3 0.012493 0.004164 
Condition 1 0.000146 0.000146 
Condition x Subject 3 0.002271 0.000757 
Muscle 1 0.060797 0.060797 
Muscle x Subject 3 0.010486 0.003495 
Condition x Muscle 1 0.004399 0.004399 
Residual 3 0.008450 0.002817 
Total 15 0.099043 0.006603 

Source of Variance F P 
Subject 
Condition 0.193 0.6899 
Condition x Subject 
Muscle 17.393 0.0251 
Muscle x Subject 
Condition x Muscle 1. 562 0.3000 
Residual 
Total 

The difference in the mean values among the different levels of Condition are 
not great enough to exclude the possibility that the difference is just due 
to random sampling variability after allowing for the effects of differences 
in Muscle. There is not a statistically significant difference (p = 0.690). 

The difference in the mean values among the different levels of Muscle are 
greater than would be expected by chance after allowing for effects of 
differences in Condition. There is a statistically significant difference (p 

0.0251). To isolate which group(s) differ from the others use a multiple 
comparison procedure. 

The effect of different levels of Condition does not depend on what level of 
Muscle is present. There is not a statistically significant interaction 
between Condition and Muscle. (P = 0.300) 

Power of performed test with alpha 
Power of performed test with alpha 
Power of performed test with alpha 
0.0853 

Least square 
Group 
Tubing 
Stack 

means for Condition 
Mean 

0.183 
0.190 

Least square means for Muscle 
Group 
Pec 

Mean 
0.248 

0.0500: 
0.0500: 
0.0500: 

SEM 
0.0175 
0.0175 

SEM 
0.0219 

for Condition: 0.0521 
for Muscle: 0.767 
for Condition x Muscle 



-

Delt 

Least square 
Group 
Tubing x Pec 
Tubing x Delt 
Stack x Pec 
Stack x Delt 

0.125 

means for Condition 
Mean 

0.229 
0.138 
0.268 
0.111 

0.0219 

x Muscle 
SEM 

0.0265 
0.0265 
0.0265 
0.0265 

All Pairwise Multiple Comparison Procedures (Student-Newman-Keuls Method) 

Comparison 
Pec vs Delt 

Comparison 
Pec vs Delt 

Diff of Means p 
0.123 2 

P<0.05 
Yes 

q 
5.90 



-

Monday, April 26, 1999, 20:41:59 

Two Way Repeated Measures Analysis of Variance on Two Factors 
Balanced Design 

Dependent Variable: %MVC2-3 

Normality Test: Failed (P 0.0030) 

Equal Variance Test: Passed (P 1.0000) 

Source of Variance OF SS MS 
Subject 3 0.03117 0.01039 
Condition 1 0.04460 0.04460 
Condition x Subject 3 0.07476 0.02492 
Muscle 1 0.00777 0.00777 
Muscle x Subject 3 0.05422 0.01807 
Condition x Muscle 1 0.00701 0.00701 
Residual 3 0.08114 0.02705 
Total 15 0.30066 0.02004 

Source of Variance F P 
Subject 
Condition 1. 790 0.2734 
Condition x Subject 
Muscle 0.430 0.5588 
Muscle x Subject 
Condition x Muscle 0.259 0.6458 
Residual 
Total 

The difference in the mean values among the different levels of Condition are 
not great enough to exclude the possibility that the difference is just due 
to random sampling variability after allowing for the effects of differences 
in Muscle. There is not a statistically significant difference (p = 0.273). 

The difference in the mean values among the different levels of Muscle are 
not great enough to exclude the possibility that the difference is just due 
to random sampling variability after allowing for the effects of differences 
in Condition. There is not a statistically significant difference (p = 
0.559) . 

The effect of different levels of Condition does not depend on what level of 
Muscle is present. There is not a statistically significant interaction 
between Condition and Muscle. (P = 0.646) 

Power of performed test with alpha 
Power of performed test with alpha 
Power of performed test with alpha 
0.0521 

Least square 
Group 
Tubing 
Stack 

means for Condition 
Mean 

0.185 
0.290 

Least square means for Muscle 
Group 
Pec 

Mean 
0.259 

0.0500: 
0.0500: 
0.0500: 

SEM 
0.0470 
0.0470 

SEM 
0.0422 

for Condition: 0.0988 
for Muscle: 0.0521 
for Condition x Muscle 



-. Delt 0.215 0.0422 

Least square means for Condition x Muscle 
Group Mean SEM 
Tubing x Pec 0.186 0.0709 
Tubing x Delt 0.184 0.0709 
Stack x Pec 0.333 0.0709 
Stack x Delt 0.247 0.0709 

-

-
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Monday, April 26, 1999, 20:43:47 

Two Way Repeated Measures Analysis of Variance on Two Factors 
Balanced Design 

Dependent Variable: %MVC Max3-4 

Normality Test: Failed (P 0.0016) 

Equal Variance Test: Passed (P 1.0000) 

Source of Variance OF SS MS 
Subject 3 0.1472 0.04906 
Condition 1 0.0616 0.06162 
Condition x Subject 3 0.0199 0.00664 
Muscle 1 0.0662 0.06619 
Muscle x Subject 3 0.0699 0.02331 
Condition x Muscle 1 0.1162 0.11616 
Residual 3 0.0986 0.03285 
Total 15 0.5795 0.03864 

Source of Variance F P 
Subject 
Condition 9.28 0.0556 
Condition x Subject 
Muscle 2.84 0.1906 
Muscle x Subject 
Condition x Muscle 3.54 0.1566 
Residual 
Total 

The difference in the mean values among the different levels of Condition are 
not great enough to exclude the possibility that the difference is just due 
to random sampling variability after allowing for the effects of differences 
in Muscle. There is not a statistically significant difference (p = 
0.0556) . 

The difference in the mean values among the different levels of Muscle are 
not great enough to exclude the possibility that the difference is just due 
to random sampling variability after allowing for the effects of differences 
in Condition. There is not a statistically significant difference (p = 
0.191) . 

The effect of different levels of Condition does not depend on what level of 
Muscle is present. There is not a statistically significant interaction 
between Condition and Muscle. (P = 0.157) 

Power of performed 
Power of performed 
Power of performed 

Least square means 
Group 
Tubing 
Stack 

Least square means 
Group 
Pec 

test with alpha 
test with alpha 
test with alpha 

for Condition 
Mean 

0.219 
0.343 

for Muscle 
Mean 

0.346 

0.0500: 
0.0500: 
0.0500: 

SEM 
0.0590 
0.0590 

SEM 
0.0673 

for Condition: 0.502 
for Muscle: 0.161 
for Condition x Muscle 0.202 



- Delt 0.217 0.0673 

Least square means for Condition x Muscle 
Group Mean SEM 
Tubing x Pec 0.198 0.0836 
Tubing x Delt 0.240 0.0836 
Stack x Pec 0.493 0.0836 
Stack x Delt 0.194 0.0836 

-

-
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Monday, April 26, 1999, 20:44:18 

Two Way Repeated Measures Analysis of Variance on Two Factors 
Balanced Design 

Dependent Variable: %MVC Max4-5 

Normality Test: Failed (P 0.0018) 

Equal Variance Test: Passed (P 1.0000) 

Source of Variance OF SS MS 
Subject 3 0.16261 0.05420 
Condition 1 0.00752 0.00752 
Condition x Subject 3 0.02763 0.00921 
Muscle 1 0.00545 0.00545 
Muscle x Subject 3 0.07748 0.02583 
Condition x Muscle 1 0.04211 0.04211 
Residual 3 0.01927 0.00642 
Total 15 0.34208 0.02281 

Source of Variance F P 
Subject 
Condition 0.8l7 0.4327 
Condition x Subject 
Muscle 0.211 0.6771 
Muscle x Subject 
Condition x Muscle 6.555 0.0832 
Residual 
Total 

The differe~ce in the mean values among the different levels of Condition are 
not great e~ough to exclude the possibility that the difference is just due 
to random sampling variability after allowing for the effects of differences 
in Muscle. There is not a statistically significant difference (p = 0.433). 

The difference in the mean values among the different levels of Muscle are 
not great enough to exclude the possibility that the difference is just due 
to random sampling variability after allowing for the effects of differences 
in Condition. There is not a statistically significant difference (p = 
0.677) . 

The effect of different levels of Condition does not depend on what level of 
Muscle is present. There is not a statistically significant interaction 
between Condition and Muscle. (P = 0.0832) 

Power of performed test 
Power of performed test 
Power of performed test 

Least square means for 
Group 
Tubing 
Stack 

Least square means for 
Group 
Pec 
Oelt 

with alpha 
with alpha 
with alpha 

Condition 
Mean 

0.275 
0.232 

Muscle 
Mean 

0.272 
0.235 

0.0500: 
0.0500: 
0.0500: 

SEM 
0.0630 
0.0630 

SEM 
0.0707 
0.0707 

for Condition: 0.0521 
for Muscle : 0.0521 
for Condition x Muscle 0.370 



-

--
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Least square 
Group 
Tubing x Pec 
Tubing x Delt 
Stack x Pec 
Stack x Delt 

means for Condition 
Mean 

0.242 
0.308 
0.301 
0.162 

x Muscle 
SEM 

0.0773 
0.0773 
0.0773 
0.0773 
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Monday, April 26, 1999, 21:02:33 

Two Way Repeated Measures Analysis of Variance on Two Factors 
Balanced Design 

Dependent Variable: RMS 0-1 

Normality Test: Failed (P 0.0007) 

Equal Variance Test: Passed (P 1. 0000) 

Source of Variance OF SS MS 
Subject 3 0.0969473 0.0323158 
Condition 1 0.0000621 0.0000621 
Condition x Subject 3 0.0113912 0.0037971 
Muscle 1 0.1954827 0.1954827 
Muscle x Subject 3 0.0180844 0.0060281 
Condition x Muscle 1 0.0017656 0.0017656 
Residual 3 0.0100741 0.0033580 
Total 15 0.3338075 0.0222538 

Source of Variance F P 
Subject 
Condition 0.0164 0.9063 
Condition x Subject 
Muscle 32.4285 0.0107 
Muscle x Subject 
Condition x Muscle 0.5258 0.5208 
Residual 
Total 

The difference in the mean values among the different levels of Condition are 
not great enough to exclude the possibility that the difference is just due 
to random sampling variability after allowing for the effects of differences 
in Muscle. There is not a statistically significant difference (p = 0.906). 

The difference in the mean values among the different levels of Muscle are 
greater than would be expected by chance after allowing for effects of 
differences in Condition. There is a statistically significant difference (p 

0.0107). To isolate which group(s) differ from the others use a multiple 
comparison procedure. 

The effect of different levels of Condition does not depend on what level of 
Muscle is present. There is not a statistically significant interaction 
between Condition and Muscle. (P = 0.521) 

Power of performed test with alpha 
Power of performed test with alpha 
Power of performed test with alpha 
0.0521 

Least square 
Group 
Tubing 
Stack 

means for Condition 
Mean 

0.225 
0.221 

Least square means for Muscle 
Group 
Pec 

Mean 
0.334 

0.0500: 
0.0500: 
0.0500: 

SEM 
0.0475 
0.0475 

SEM 
0.0490 

for Condition: 0.0521 
for Muscle: 0.950 
for Condition x Muscle 



-
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Delt 

Least square 
Group 
Tubing x Pee 
Tubing x Delt 
Staek x Pec 
Stack x Delt 

0.113 

means for Condition x 
Mean 

0.346 
0.104 
0.321 
0.121 

0.0490 

Muscle 
SEM 

0.0533 
0.0533 
0.0533 
0.0533 

All Pairwise Multiple Comparison Procedures (Student-Newman-Keuls Method) 

Comparison 
Pec vs Delt 

Comparison 
Pee vs Delt 

Diff of Means p 
0.221 2 

P<0.05 
Yes 

q 
8.05 



--

--
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Monday, April 26, 1999, 21:03:20 

Two Way Repeated Measures Analysis of Variance on Two Factors 
Balanced Design 

Dependent Variable: RMS 1-2 

Normality Test: Failed (P 0.0051) 

Equal Variance Test: Passed (P 1.0000) 

Source of Variance DF SS MS 
Subject 3 0.1141427 0.0380476 
Condition 1 0.0000155 0.0000155 
Condition x Subject 3 0.0097673 0.0032558 
Muscle 1 0.1688674 0.1688674 
Muscle x Subject 3 0.0106106 0.0035369 
Condition x Muscle 1 0.0021989 0.0021989 
Residual 3 0.0128606 0.0042869 
Total 15 0.3184630 0.0212309 

Source of Variance F P 
Subject 
Condition 0.00475 0.9494 
Condition x Subject 
Muscle 47.74506 0.0062 
Muscle x Subject 
Condition x Muscle 0.51294 0.5256 
Residual 
Total 

The difference in the mean values among the different levels of Condition are 
not great enough to exclude the possibility that the difference is just due 
to random sampling variability after allowing for the effects of differences 
in Muscle. There is not a statistically significant difference (p = 0.949). 

The difference in the mean values among the different levels of Muscle are 
greater than would be expected by chance after allowing for effects of 
differences in Condition. There is a statistically significant difference (p 

0.00621). To isolate which group(s) differ from the others use a multiple 
comparison procedure. 

The effect of different levels of Condition does not depend on what level of 
Muscle is present. There is not a statistically significant interaction 
between Condition and Muscle. (P = 0.526) 

Power of performed test with alpha 
Power of performed test with alpha 
Power of performed test with alpha 
0.0521 

Least square 
Group 
Tubing 
Stack 

means for Condition 
Mean 

0.243 
0.241 

Least square means for Muscle 
Group Mean 
Pec 0.345 

0.0500: 
0.0500: 
0.0500: 

SEM 
0.0508 
0.0508 

SEM 
0.0510 

for Condition: 0.0521 
for Muscle: 0.990 
for Condition x Muscle 



-

-
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Delt 

Least square 
Group 
Tubing x Pee 
Tubing x Delt 
Stack x Pee 
Stack x Delt 

0.139 

means for Condition 
Mean 

0.334 
0.152 
0.356 
0.127 

0.0510 

x Muscle 
SEM 

0.0554 
0.0554 
0.0554 
0.0554 

All Pairwise Multiple Comparison Procedures (Student-Newman-Keuls Method) 

Comparison 
Pee vs Delt 

Comparison 
Pee vs Delt 

Diff of Means p 
0.205 2 

P<0.05 
Yes 

q 
9.77 



-
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Monday, April 26, 1999, 21:03:55 

Two Way Repeated Measures Analysis of Variance on Two Factors 
Balanced Design 

Dependent Variable: RMS2-3 

Normality Test: Failed (P 0.0122) 

Equal Variance Test: Passed (P l.OOOO) 

Source of Variance OF SS MS 
Subject 3 0.09079 0.03026 
Condition 1 0.00331 0.00331 
Condition x Subject 3 0.01370 0.00457 
Muscle 1 0.13613 0.13613 
Muscle x Subject 3 0.00443 0.00148 
Condition x Muscle 1 0.00796 0.00796 
Residual 3 0.03321 0.01107 
Total 15 0.28953 0.01930 

Source of Variance F P 
Subject 
Condition 0.726 0.4568 
Condition x Subject 
Muscle 92.290 0.0024 
Muscle x Subject 
Condition x Muscle 0.719 0.4589 
Residual 
Total 

The difference in the mean values among the different levels of Condition are 
not great enough to exclude the possibility that the difference is just due 
to random sampling variability after allowing for the effects of differences 
in Muscle. There is not a statistically significant difference (p = 0.457). 

The difference in the mean values among the different levels of Muscle are 
greater than would be expected by chance after allowing for effects of 
differences in Condition. There is a statistically significant difference (p 

0.00239). To isolate which group(s) differ from the others use a mUltiple 
comparison procedure. 

The effect of different levels of Condition does not depend on what level of 
Muscle is present. There is not a statistically significant interaction 
between Condition and Muscle. (P = 0.459) 

Power of performed test with alpha 
Power of performed test with alpha 
Power of performed test with alpha 
0.0521 

Least square 
Group 
Tubing 
Stack 

means for Condition 
Mean 

0.259 
0.288 

Least square means for Muscle 
Group 
Pec 

Mean 
0.365 

0.0500: 
0.0500: 
0.0500: 

SEM 
0.0467 
0.0467 

SEM 
0.0445 

for Condition: 0.0521 
for Muscle: 1.000 
for Condition x Muscle 



--

-

Delt 

Least square 
Group 
Tubing x Pec 
Tubing x Delt 
Stack x Pec 
Stack x Delt 

0.181 

means for Condition x 
Mean 

0.329 
0.189 
0.402 
0.173 

0.0445 

Muscle 
SEM 

0.0544 
0.0544 
0.0544 
0.0544 

All Pairwise Multiple Comparison Procedures (Student-Newrnan-Keuls Method) 

Comparison 
Pec vs Delt 

Comparison 
Pec vs Delt 

Diff of Means p 
0.184 2 

P<0.05 
Yes 

q 
13.6 



-

Monday, April 26, 1999, 21:04:29 

Two Way Repeated Measures Analysis of Variance on Two Factors 
Balanced Design 

Dependent Variable: RMS 3-4 

Normality Test: Failed (P 0.0120) 

Equal Variance Test: Passed (P 1. 0000) 

Source of Variance OF SS MS 
Subject 3 0.198278 0.066093 
Condition 1 0.002117 0.002117 
Condition x Subject 3 0.000530 0.000177 
Muscle 1 0.151941 0.151941 
Muscle x Subject 3 0.006391 0.002130 
Condition x Muscle 1 0.028231 0.028231 
Residual 3 0.043590 0.014530 
Total 15 0.431077 0.028738 

Source of Variance F P 
Subject 
Condition 11. 99 0.0406 
Condition x Subject 
Muscle 71. 32 0.0035 
Muscle x Subject 
Condition x Muscle 1. 94 0.2577 
Residual 
Total 

The difference in the mean values among the different levels of Condition are 
greater than would be expected by chance after allowing for effects of 
differences in Muscle. There is a statistically significant difference (p 
0.0406). To isolate which group(s) differ from the others use a multiple 
comparison procedure. 

The difference in the mean values among the different levels of Muscle are 
greater than would be expected by chance after allowing for effects of 
differences in Condition. There is a statistically significant difference (p 

0.00348). To isolate which group(s) differ from the others use a mUltiple 
comparison procedure. 

The effect of different levels of Condition does not depend on what level of 
Muscle is present. There is not a statistically significant interaction 
between Condition and Muscle. (P = 0.258) 

Power of performed test 
Power of performed test 
Power of performed test 

Least square means for 
Group 
Tubing 
Stack 

Least square means for 
Group 
Pec 

with alpha 
with alpha 
with alpha 

Condition 
Mean 

0.295 
0.318 

Muscle 
Mean 

0.404 

0.0500: 
0.0500: 
0.0500: 

SEM 
0.0644 
0.0644 

SEM 
0.0653 

for Condition: 0.610 
for Muscle: 0.999 
for Condition x Muscle 0.108 
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Delt 

Least square 
Group 
Tubing x Pec 
Tubing x Delt 
Stack x Pec 
Stack x Delt 

0.209 

means for Condition x 
Mean 

0.350 
0.240 
0.457 
o .l79 

0.0653 

Muscle 
SEM 

0.0720 
0.0720 
0.0720 
0.0720 

All Pairwise Multiple Comparison Procedures (Student-Newman-Keuls Method) 

Comparison 
Stack vs Tubing 

Comparison 
Stack vs Tubing 

Comparison 
Pec vs Delt 

Comparison 
Pec vs Delt 

Diff of Means 
0.0230 

P<0.05 
Yes 

Diff of Means 
0.195 

P<0.05 
Yes 

p 
2 

p 
2 

q 
4.90 

q 
11. 9 
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Monday, April 26, 1999, 21:04:53 

Two Way Repeated Measures Analysis of Variance on Two Factors 
Balanced Design 

Dependent Variable: RMS 4-5 

Normality Test: Failed (P 0.0028) 

Equal Variance Test: Passed (P 1.0000) 

Source of Variance OF SS MS 
Subject 3 0.2785233 0.0928411 
Condition 1 0.0002234 0.0002234 
Condition x Subject 3 0.1445158 0.0481719 
Muscle 1 0.0169938 0.0169938 
Muscle x Subject 3 0.0627367 0.0209122 
Condition x Muscle 1 0.0000114 0.0000114 
Residual 3 0.1253334 0.0417778 
Total 15 0.6283377 0.0418892 

Source of Variance F P 
Subject 
Condition 0.004637 0.9500 
Condition x Subject 
Muscle 0.812625 0.4338 
Muscle x Subject 
Condition x Muscle 0.000274 0.9878 
Residual 
Total 

The difference in the mean values among the different levels of Condition are 
not great enough to exclude the possibility that the difference is just due 
to random sampling variability allowing for the effects of differences 
in Muscle. There is not a stc .1ly sign~ticant difference (p = 0.950). 

The difference in the mean valL .mong '~e different levels of Muscle are 
not great enough to exclude the possibi:~':y that the difference is just due 
to random sampling variability after allowing for the effects of differences 
in Condition. There is not a statistically significant difference (p = 
0.434) . 

The effect of different levels of Condition does not depend on what level of 
Muscle is present. There is not a statistically significant interaction 
between Condition and Muscle. (P = 0.988) 

Power of performed test with alpha 
Power of performed test with alpha 
Power of performed test with alpha 
0.0521 

Least square 
Group 
Tubing 
Stack 

means for Condition 
Mean 

0.360 
0.352 

Least square means for Muscle 
Group Mean 
Pec 0.389 

0.0500: 
0.0500: 
0.0500: 

SEM 
0.0939 
0.0939 

SEM 
0.0843 

for Condition: 0.0521 
for Muscle: 0.0521 
for Condition x Muscle 



,--....., Delt 0.323 0.0843 

Least square means for Condition x Muscle 
Group Mean SEM 
Tubing x Pee 0.391 0.113 
Tubing x Delt 0.328 0.113 
Stack x Pee 0.386 0.113 
Stack x Delt 0.319 0.113 

-

,-


