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ABSTRACT 

 Three experiments were conducted to evaluate the Penn State Particle Separator (PSPS) 

as a method to measure ration particle size and determine the effects of feeding rations of 

different particle size to cows in early lactation. The overall objective of this thesis is to formulate 

ration physical recommendations that will strengthen current nutrient recommendations.  

 The objectives of the first experiment were to develop an additional sieve containing a 

smaller pore size to more accurately describe sample fineness, to further define sieving 

movements, and to investigate the effects of moisture content on results.  An additional sieve was 

constructed out of wire cloth, consisting of nominal size aperture 1.18-mm. To test the effect of 

shaking frequency on particle size measurement, samples of alfalfa haylage, corn silage, and a 

TMR were analyzed using three different frequencies: 0.9, 1.1 and 1.6 Hz and a 17 cm stroke 

length. Reducing sieving frequency below 1.1 Hz to 0.9 Hz resulted in significantly more material 

being retained on the 19.0-mm sieve and less on the 8.0 and 1.18-mm sieves for all sample 

types.  As a result we recommend a shaking frequency of 1.1 Hz or greater with a stroke length of 

17 cm. To determine the effects of forage moisture level on particle size measurements, a 

samples of alfalfa haylage and corn silage were collected and partially dried at different times 

from 0 to 48 h to obtain samples of five different moisture contents. For alfalfa haylage samples, 

particle size measurements were not significantly different between 57.4 and 35.6 % moisture, 

indicating that small moisture loss in samples will not affect particle size measurements. In 

comparison, for corn silage the amount of particle mass < 1.18-mm was significantly different 

between 58.0 and 34.4 % moisture and resulted in a small but significant difference in geometric 

mean length. These results suggest that completely drying a sample may result in either further 

size reduction in dry samples or adhesion of particles in high moisture samples during the sieving 

process resulting in differences in particle size measurement.  

 In the second experiment effects of reducing alfalfa haylage particle size on cows in early 

lactation were evaluated. Eight cannulated, multiparous cows averaging 19 + 4 DIM and 642 + 45 

kg BW were assigned to one of two 4X4 Latin Squares. During each of the 23 d periods animals 

were offered one of four diets which were chemically identical but included alfalfa haylage of 
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different particle size; short (SH), mostly short (MSH), mostly long (MLG), and long (LG). 

Physically effective NDF (peNDF) was determined by measuring the amount of NDF retained on 

a 1.18 mm screen and was similar across diets (27.2, 27.7, 27.9, 28.1) but the amount of 

particles >19.0 mm significantly decreased with decreasing particle size. Reducing haylage 

particle size increased DMI linearly (23.3, 22.0, 20.9, 20.8 kg for SH, MSH, MLG, LG, 

respectively). Milk production and percent fat did not differ across treatments averaging 35.5 kg 

milk and 3.32% fat, while a quadratic effect was observed for percent milk protein with lowest 

values being observed for LG. A quadratic effect was observed for mean rumen pH (6.04, 6.15, 

6.13, 6.09) while A:P ratio decreased linearly (2.75, 2.86, 2.88, 2.92) with decreasing particle 

size. Total time ruminating increased quadratically (467, 498, 486, 468 min/d) while time eating 

decreased linearly (262, 253, 298, 287 min/d) with decreasing particle size. Both eating and 

ruminating time per unit of NDFI decreased with reducing particle size (35.8, 36.7, 44.9, 45.6 min/ 

kg; 19.9, 23.6, 23.5, 23.5 min/kg respectively). Although chewing activity was closely related to 

forage particle size, effects on rumen pH were small, indicating factors other than particle size are 

critical in regulation when recommended ration NDF levels are met.  Feeding alfalfa haylage 

based rations resulted in animals consuming more feed, producing milk with 0.08% more milk 

protein and did not affect percent milk fat.  

 In the third and final experiment the effects of reducing corn silage particle length (FPL) 

and the inclusion of cottonseed hulls (CSH) on cows in early lactation were evaluated. Sixteen 

multiparous cows averaging 17 + 3 DIM and 677 + 58 kg BW were assigned to one of four 4X4 

Latin Squares. One square contained rumen cannulated cows to evaluate effects of treatment on 

rumen fermentation and function. During each of the 23 d periods animals were offered one of 

four TMR’s that differed in particle length  (long or short corn silage) and CSH inclusion rate (0 or 

8% DM). Dietary treatments were as follows: long no CSH (LGNH), long with CSH (LGH), short 

no CSH (SHNH), and short with CSH (SHH). Total physically effective NDF (peNDF), measured 

as percent of NDF greater than 1.18 mm, was similar across diets but mean particle length 

decreased with reducing FPL and inclusion of CSH. Dry matter intake was not significantly 

affected by FPL but was significantly increased with the inclusion of CSH. Decreasing FPL and 
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the inclusion of CSH significantly increased neutral detergent fiber intake (NDFI). Total chewing 

activity expressed as minutes per day was unaffected by FPL and the inclusion of CSH. Both 

eating and ruminating efficiency expressed as minutes per kg of NDFI increased with increasing 

FPL and decreased with the inclusion of CSH. Milk production did not differ across treatments; 

but the inclusion of CSH significantly increased percent milk protein. Reducing forage FPL tended 

to reduce percent milk fat. Mean ruminal pH was not affected by FPL but was highest on diets 

containing CSH even though no treatment effects were observed on total VFA, acetate, or 

propionate concentration. These results indicate that corn silage FPL is a poor predictor of total 

chewing time and rumen pH but is useful in understanding factors affecting feeding behavior. 

Additionally, the inclusion of CSH, resulted in increased rumination and mean rumen pH even 

though effects of VFA concentration were not observed. 

 In summary, results of this work indicate that reduction in ration particle size through either 

rechopping of forage or the inclusion of a nonforage fiber source (NFFS) in rations containing a 

level of NDF meeting NRC requirements does not result in sever deleterious effects in rumen 

fermentation or milk production. In contrast, feeding rations of reduced particle size may be 

advantageous due to the positive effects on DMI observed in cows in early lactation and reducing 

the potential negative effects observed with bunk sorting. 



 vi 

TABLE OF CONTENTS 
 
 

LIST OF FIGURES ......................................................................................................................... ix 
LIST OF TABLES ............................................................................................................................ x 
ACKNOWLEDGEMENTS .............................................................................................................xiii 
CHAPTER 1 GENERAL INTRODUCTION .....................................................................................1 

REFERENCES ...................................................................................................................4 
CHAPTER 2 LITERATURE REVIEW ..............................................................................................5 

INTRODUCTION ................................................................................................................5 
Early Lactation and Energy Balance ..................................................................................5 

Dietary Supply of Carbohydrates During Early Lactation ......................................7 
Minimum and Maximum Fiber Requirements for Dairy Cattle ..............................7 
The Effect of Diet Physical Form on Cows in Early Lactation ...............................9 

CHEWING ACTIVITIES ...................................................................................................10 
Introduction ..........................................................................................................10 
Chewing Behavior ...............................................................................................10 
Eating ..................................................................................................................10 
Rumination ..........................................................................................................11 
Measurement of Eating and Rumination Behavior ..............................................11 
Feed Factors Affecting Chewing Activity .............................................................17 

 Chemical Structure ..............................................................................................17 
 Physical Structure ...............................................................................................17 

Nonforage Fiber Sources (NFFS) .......................................................................20 
Passage Rate and Particle Size Dynamics ......................................................................22 
Effects of Feeding Ruminants Forage of Different Particle Size ......................................26 

Rumen Fermentation, pH, and Digestion ............................................................26 
Dry Matter Intake  ................................................................................................26 
Milk Production and Composition  .......................................................................27 
Biology of Milk Fat Depression ............................................................................28 
The Glucogenic-Insulin Theory ...........................................................................31 
Trans Fatty Acid Hypothesis of Milk Fat Depression ..........................................35 
TMR Particle Size and Milk Fat ...........................................................................37 
Particle Size and Effective Fiber .........................................................................40 

REFERENCES .................................................................................................................45 
 

  
CHAPTER 3 MODIFICATION OF THE PENN STATE FORAGE AND TMR PARTICLE 

SEPARATOR AND THE EFFECTS OF MOISTURE CONTENT ON ITS 
MEASUREMENTS ...........................................................................................................54 
ABSTRACT ......................................................................................................................54 
INTRODUCTION ..............................................................................................................55 
MATERIALS AND METHODS .........................................................................................56 

Modifications of the Penn State Forage and TMR Particle Separator ................56 
Method of Separation ..........................................................................................56 
Testing Effect of Sieving Frequency on Particle Size Measurement ..................57 
Testing Effect of Sample Moisture in Particle Size Measurement ......................57 
Statistical Analysis ...............................................................................................58 

RESULTS AND DISCUSSION .........................................................................................58 
Modification of the Penn State Forage and TMR Particle Separator ..................58 
Presentation of Sieving Results and Particle Size Measurements .....................59 
Sieving Frequency and Particle Size Measurement ...........................................60 
Sample Moisture Content and Particle Size Measurement ................................60 

CONCLUSIONS ...............................................................................................................62 



 vii 

ACKNOWLEGEMENTS ...................................................................................................62 
REFERENCES .................................................................................................................63 

 
CHAPTER 4 THE EFFECT OF REDUCING ALFALFA HAYLAGE PARTICLE SIZE ON  

COWS IN EARLY LACTATION ........................................................................................68 
ABSTRACT ......................................................................................................................68 
INTRODUCTION  .............................................................................................................69 
MATERIALS AND METHODS .........................................................................................71 

Forage, Animals and Experimental Design .........................................................71 
Experimental Measures and Sample Analysis ....................................................71 
Forage and TMR Chemical and Analysis ............................................................71 
Chewing Activity ..................................................................................................72 
Flow and Digestibility Markers and Energy Determination .................................72 
Ruminal Sampling and Emptying ........................................................................73 
Particle Size Analysis ..........................................................................................74 
Statistical Analyses .............................................................................................74 

RESULTS .........................................................................................................................75 
TMR Particle Size and Effective Fiber ................................................................75 
Intake and Chewing Activities  ............................................................................75 
Apparent Digestibilities and Energy Utilization ....................................................76 
Rumen Fill, Rate of Passage, Particle Size ........................................................76 
Rumen pH, VFA, ammonia and Blood NEFA .....................................................77 
Milk Production, Composition and Body Weight Change ...................................77 

DISCUSSION ...................................................................................................................78 
CONCLUSIONS ...............................................................................................................82 
ACKNOWLEDGEMENTS ................................................................................................83 
REFERENCES .................................................................................................................84 

 
CHAPTER 5 THE EFFECT OF CORN SILAGE PARTICLE SIZE AND COTTONSEED  
 HULLS ON COWS IN EARLY LACTATION ....................................................................98 

ABSTRACT ......................................................................................................................98 
INTRODUCTION ..............................................................................................................99 
MATERIALS AND METHODS .......................................................................................101 

Diets, Animals, and Experimental Design .........................................................101 
Experimental Measures and Sample Analysis ..................................................102 
Feed and Ort Analysis .......................................................................................102 
Chewing Activity ................................................................................................102 
Flow and Digestibility Markers ...........................................................................103 
Ruminal Sampling and Emptying ......................................................................103 
Particle Size Analysis ........................................................................................104 
Statistical Analyses ...........................................................................................104 

RESULTS AND DISCUSSION .......................................................................................105 
Ration Particle Size and Effective Fiber Measurements ...................................105 
Intake and Body Weight ....................................................................................105 
Eating and Ruminating Activities .......................................................................106 
Apparent Digestibilities and Rumen Fill ............................................................107 
Rumen Fermentation  ........................................................................................108 
Milk Production and Composition ......................................................................108 
Rumen Fermentation and Effective Fiber ..........................................................109 

CONCLUSIONS .............................................................................................................110 
ACKNOWLEDGEMENTS ..............................................................................................111 
REFERENCES ...............................................................................................................112 

 
CHAPTER 6 GENERAL CONCLUSIONS ...................................................................................126 

 
REFERENCES ...............................................................................................................130 



 viii 

 
APPENDIX A. PARTICLE SIZE MEASUREMENT OF THREE FORAGE TYPES AND 

EVALUATION OF SIEVED FRACTIONS........................................................................134  
 
APPENDIX B. THE EFFECT OF REDUCING ALFALFA HAYLAGE PARTICLE SIZE ON  

ORT COMPOSITION AND RUMEN pH .........................................................................136 
  
APPENDIX C. THE EFFECT OF CORN SILAGE PARTICLE SIZE AND COTTONSEED  

HULLS ON ORT COMPOSITION AND RUMEN pH ......................................................138 
 

 

 

 

 

 

 

 

 

 
 

 



 ix 

LIST OF FIGURES 
 
Figure 2-1. Energy balance of a dairy cow through one full lactation (■) required  
energy, (●) ingested energy, (□) overall energy balance ................................................................6 
 
Figure 2-2. An example of the Graze window and recorded eating movements  
resulting in wave like patterns .......................................................................................................15 
 
Figure 2-3. An example of the Graze window and recorded ruminating  
movements in which the wave like patterns separated by brief inactivity marking  
the movement of boli .....................................................................................................................16 
 
Figure 2-4. The mean relative resistance to flow of grass and legume hay particles from the 
rumen of sheep  (Poppi et al., 1980) .............................................................................................24 
 
Figure 2-5. Relationship between digesta particle size and fiber clearance rate from the 
reticulorumen of sheep fed three different forages(□) ground alfalfa, (■) chopped alfalfa,  
(▲) chopped straw  (Wilson and Kennedy, 1996) ........................................................................25 
 
Figure 2-6. Proposed pathway of ruminal biohydrogenation of linoleic acid  
(Bauman and Griinari, 2001) .........................................................................................................36 
 
Figure 2-7. The effect of abomasal infusion of cis-9, trans-11 or trans-11, cis-12 
conjugated linoleic acid (CLA) isomers on temporal pattern of milk fat (■) 10, 12 CLA,  
(○) 9,11 CLA (▲) control (Baumgard et al., (2000) .......................................................................39 
 
Figure 4-1. Effects of reducing alfalfa haylage particle size on daily rumen pH and NH3-N 
concentration and eating pattern in min/h for a 24-h period for dairy cows LONG (□), MLONG 
(■),MSHORT (▲) or SHORT (○). Arrow indicates feeding time ...................................................97 
 
Figure 5-1. Daily rumen pH and NH3-N concentration and eating pattern in min/h 
 for a 24-h period for dairy cows LGNH (□), SHNH (■),LGH (▲) or SHH (○).  
Arrow indicates feeding time ........................................................................................................125 
 
 
 
 

 
 
 
 



 x 

LIST OF TABLES 
 
Table 2-1. Minimum diet and forage NDF, and maximum NFC (% DM) requirements  
of dairy cattle fed total mixed rations (NRC, 2001) .........................................................................8 
 
Table 2-2. Number of bouts, total time (min) chewing and time per bout as well 
as calculated method differences as measured by the electronic system  
and estimated by observation (Kononoff et al., 2002) ...................................................................14 
 
Table 2-3. Effects of mastication by heifers on dry matter disappearance  
of forage during in situ measurements (Beauchemin, 1992) ........................................................19 
 
Table 2-4. The effect of NFFS inclusion on diet NDF content,  
change in total eating and ruminating activity, and eating and ruminating efficiency ...................21 
 
Table 2-5. The effect of reducing alfalfa particle size on digestive parameters and  
milk production in lactating cattle ..................................................................................................29 
 
Table 2-6.  The effect of corn silage physical forage form on digestive  
parameters and milk production in lactating cattle ........................................................................30 
 
Table 2-7. The effect of alfalfa silage cut length on chewing activity, rumen  
fermentation, plasma glucose and serum levels, and milk production on  
dairy cows fed a 50:50 forage to concentrate TMR (Grant et al., 1990a) .....................................33 
 
Table 2-8. Milk yield and composition from cows at baseline insulin  
levels equipped with a hyperinsulinemic-euglycemic clamp  
(McGuire et al., (1995) ...................................................................................................................34 
 
Table 2-9. The effect of post ruminal C18:1 infusion on milk yield and  
composition. (Gaynor et al., 1993) ................................................................................................38 
 
Table 2-10. Estimating the physically effective neutral detergent fiber  
(peNDF) required maintaining a specified ruminal pH of lactating cows  

(Mertens, 1997) .............................................................................................................................44 
 
Table 3-1. Effects of sieving frequency on particle size measurements of  
alfalfa haylage1, corn silage2, and TMR3 samples as measured by the  
modified PSPS using a 17 cm stroke ............................................................................................65 
 
Table 3-2. Effects of alfalfa haylage moisture content on particle size  
measurements according to the PSPS shaken at 1.2 Hz with a stroke  
length of 17 cm ..............................................................................................................................66 
 
Table 3-3. Effects of corn silage moisture content on particle size measurements  
according to the PSPS shaken at 1.2 Hz with a stroke length of 17 cm .......................................67 
 
Table 4-1. Nutrient composition and fermentation measures for alfalfa haylage .........................87 
 
Table 4-2.  Particle size distribution, geometric mean (Xgm) and  
standard deviation (Sgm) for harvested and rechopped alfalfa  
haylage as measured by the Penn State Particle Separator ........................................................88 
 
Table 4-3. Ingredient and nutrient composition of total mixed rations ..........................................89 



 xi 

 
Table 4-4. Effects of reducing alfalfa haylage particle size on TMR particle size  
distribution, NDF content and physically effective NDF (peNDF) values ......................................90 
 
Table 4-5. Effects of reducing alfalfa haylage particle size on body weight, body 
 weight change, and intake on cows in early lactation ..................................................................91 
 
Table 4-6. Effects of reducing alfalfa haylage particle size on chewing activities  
on cows in early lactation ..............................................................................................................92 
 
Table 4-7. The effect of reducing alfalfa haylage particle size on particle size of feed,  
rumen digesta, and feces in cows in early lactation ......................................................................93 
 
Table 4-8. The effect of reducing alfalfa haylage particle size on nutrient digestibility,  
calculated energy values, rumen fill and passage rate for four diets containing  
alfalfa haylage of different particle size on cows in early lactation ................................................94 
 
Table 4-9. Effects of reducing alfalfa haylage particle size on ruminal pH,  
concentration ammonia, VFA, and blood NEFA level on cows in early  
lactation .........................................................................................................................................95 
 
Table 4-10. Effects of reducing alfalfa haylage particle size on milk  
production and composition on cows in early lactation .................................................................96 
 
Table 5-1. Chemical composition and fermentation measures of corn silage used in the 
experiment ...................................................................................................................................115 
 
Table 5-2.  Particle size distribution and geometric mean length for long and short  
corn silage as measured by the Penn State Particle Separator .................................................116 
 
Table 5-3. Ingredient and chemical composition of total mixed diets (DM basis) ......................117 
 
Table 5-4. Effects of forage particle length (FPL) and fiber source (FS)  
on particle size distribution, neutral detergent fiber (NDF) content  
and physically effective neutral detergent fiber (peNDF) values 
for experimental diets ..................................................................................................................118 
 
Table 5-5.  Effects of forage particle length (FPL) and fiber source (FS)  
on body weight, intake, and ort composition on dairy cows in early lactation .............................119 
 
Table 5-6. Effects of forage particle length (FPL) and fiber source (FS) on  
eating and ruminating and total chewing activity on dairy cows in early lactation ......................120 
 
Table 5-7. Effects of forage particle length (FPL) and fiber source (FS)  
on nutrient digestibility, rumen fill and liquid passage rate on dairy cows  
in early lactation ...........................................................................................................................121 



 xii 

 
Table 5-8. The effect of forage particle length (FPL) and fiber source  
(FS) on the particle length of feed, digesta and feces or animals 
 consuming experimental diets on cows in early lactation ..........................................................122 
 
Table 5-9.  Effects of forage particle length (FPL) and fiber source (FS)  
on ruminal concentration of volatile fatty acids (VFA), ammonia (NH3N)  
and blood concentration of nonesterified fatty acids (NEFA) on cows 
 in early lactation ..........................................................................................................................123 
 
Table 5-10. Effects of forage particle length (FPL) and fiber source (FS) on  
milk production and composition on cows in early lactation ........................................................124 
 
Table 6-1. Mean percentage, standard deviation, and coefficients of variation  
in three particle size fractions of corn silage, legume haylage and TMR  
samples as measured by the Penn State Particle Separator  
(Heinrichs et al., 1999) ................................................................................................................131 
 
Table 6-2. Recommended forage and TMR particle size recommendations as  
measured by the Penn State Particle Separator .........................................................................132 
 
Table 6-3. Forage and TMR particle size recommendations1 based on 2  
experiments that fed either alfalfa haylage or corn silage, with or  
without cottonseed hulls to cows in early lactation ......................................................................133 
 
APPENDIX A. Table 1.  Neutral detergent fiber and dry matter digestibility  
of corn silage, mixed mostly grass and mixed mostly legume forage samples ..........................134 
 
APPENDIX A. Table 2. Particle size distribution, neutral detergent  
fiber concentration, and in vitro dry matter digestibility for corn,  
mixed mostly grass, and mixed mostly legume silages ..............................................................135 
 
APPENDIX B. Table 1. Effects of reducing alfalfa haylage particle size on the  
chemical composition of refusals on cows in early lactation .......................................................136 
 
APPENDIX B. Table 2.  Effects of reducing the particle size of alfalfa haylage  
on ruminal pH on cows in early lactation .....................................................................................137 
 
APPENDIX C. Table 1.  Effects of forage particle length (FPL) and fiber  
source (FS) on chemical composition of refusals on cows in early lactation ..............................138 
 
APPENDIX C. Table 2.  Effects of forage particle length (FPL) and fiber source 
 (FS) on rumen pH on cows in early lactation .............................................................................139 
 
 
 
 
 
 
 
 
 
 
 
 
 



 xiii 

 
 

ACKNOWLEGEMENTS 

It has been said that more than anything else, a book is the document demonstrating a 

thought life on a specific subject; thus it is only the author who knows how much he or she is 

indebted to others. Unfortunately it would be impossible for me to list all whom I have interacted 

with and whose words and writings have resulted in my understanding of the topic at hand, yet I 

remain grateful.  I do however want to thank those whose direct efforts were integral to this work 

from thought, to test, to script.   

 I wish to foremost direct thanks to Dr. A.J. Heinrichs, my academic advisor, for his belief 

and trust in a prairie boy from somewhere in Canada. Your compassion, understanding, and 

enthusiasm will not be forgotten. To the members of my advisory committee, Drs. D. A. 

Buckmaster, H. Harpster, D. Roth for their advice innovative thoughts, suggestions, and 

constructive critics. Special thanks goes to Dr. G.A Varga, for her sage presence. Whether its 

was during class, journal club, or just a conversation in the hall, Dr. Varga often set the pace and 

inspired, and I will always remember her example. I would also like to specifically thank Dr. T. 

Etherton, Dr. R. Kensinger, and Dr. L. Muller for being examples of educators, scientists and men 

of the community. I also thank Dr. D.A. Christensen of the University of Saskatchewan and Dr. M. 

Murphy of University of Illinois who share similar academic interests and their guidance during my 

studies.  I must also thank Mr. R. Birtles, teacher of special education. Although he was not 

present during my daily learning over the past four years, his installation of confidence and 

personal understanding remains ingrained in my success.  

Thanks to Mark Amsler and the rest of my friends at the farm; Turk, Boyd, Gene, Howard, 

Bob, Tom, Jim, Bill, Perry, Randy as well as all the students. Your friendships are valued and 

daily support will not be forgotten. I will forever miss 4:30 AM coffee before morning feeding and 

the laughs we shared.  I am indebted to M. Long for her laborious technical assistance and 

encouragement. I will forever be indebted to the numerous undergraduate students who help me 

wade through the analysis with keen observations and enthusiasm; Heather, Kevin, Nadine, 

Mandy, Tracy, Becky, Amanda, Eva, Tim, Gabe, Dave, and Matt. 



 xiv 

 I also wish to thanks my fellow graduate students. Thanks to Dr. M. Gabler, we have 

endured much together; from a SAS course to the Data Ranger.  Most of all I will remember his 

encouragement and example of personal balance and conviction to all things important. Thanks 

to Dr. F. Bargo. I will always remember how two guys came from either side of this country to 

become, what I consider, more like brothers than friends. Thanks to other graduate students, 

Adam, Chad, Fontas, Ryan, Jamie, and Keith for their friendships. 

I wish to extend special thanks to the players and fellow coaches of the Penn State 

Womens Rugby Club. Thanks for all the good times and of course the constant interest of “how 

my cows were doing.” I wish to thank head coach Peter Stienberg in particular for his interest in 

my life and development as an educator. To the team, I would like to take this last opportunity to 

encourage all of you to continue to keep your head up and support those carrying the ball.  

 Special thanks to my parents, Mrs. Edith Kononoff and Dr. Wallace Kononoff and sisters 

Tamara and Natasha Kononoff. Mom, Dad all the academic and personal success up to now is 

greatly because of your examples. Most of all I thank my wife and greatest friend, Manda J. 

Kononoff. Manda, thanks for the support, divine love, and lack of smell during sampling periods. 

This University and country has provided me with far more than an education but has given me 

my best friend.  

Above all I give thanks to God Almighty, for his grace, love, and abundant provisions. To 

this end I dedicate this work to all the dyslexic students of America who lacked the support similar 

individuals above and were never able to realize their potential. I have been blessed. 

 

“What once was hurt, what once was friction, what left a mark, no longer stings, 
because Grace makes beauty out of ugly things.”  

– Bono, 2000. Grace 


	Abstract
	Table of Contents
	List of Figures
	List of Tables

