
 

 

EVALUATING THE EFFECTIVENESS OF INTEGRATING AGRICULTURAL SCIENCE  

 

AND TECHNOLOGY WITH ALGEBRA I ON THE TEXAS  

 

ASSESSMENT OF KNOWLEDGE AND SKILLS MATHEMATICS TEST 

 

by 

 

AARON L. BEDNARZ, B.S. 

 

 

A THESIS 

 

IN 

 

AGRICULTURAL EDUCATION 

 

Submitted to the Graduate Faculty 

of Texas Tech University in 

Partial Fulfillment of 

the Requirements for 

the Degree of 

 

MASTER OF SCIENCE 

 

 

Approved 

 

 

Scott Burris 

Chairperson of the Committee 

 

 

Steven Fraze 

 

 

 

Matt Baker 

 

Accepted 

 

 

Fred Hartmeister 

Dean of the Graduate School 

 

July, 2007 



iii  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright 

 

2007 

 

Aaron L. Bednarz 



Texas Tech University, Aaron Bednarz, December 2007 

ii  

Acknowledgements 

 

I would like to take the opportunity to thank everyone who helped me during my 

research process.  I would like to extend a special thanks to several people who went out 

of their way to assist me throughout the process.  First, I would like to thank my 

committee members.  The headaches I gave Dr. James Smith, Dr. Scott Burris and Dr. 

Steven Fraze while I was trying to complete my research will not be forgotten.   

Thank you to all the faculty and staff in the Department of Agricultural Education 

and Communications at Texas Tech University. This department has made an impact on 

my life and I thank each and every one of you. I would like to thank the students who 

participated in this study. This department houses some of the greatest students on the 

campus of Texas Tech University. 

I would like to thank Dr. Smith again for allowing me the opportunity to work as 

a teaching assistant during my time here at Texas Tech University.  This opportunity 

allowed me to further develop knowledge of agricultural education as well as teaching 

techniques that will prove to be very beneficial to me as an agricultural sciences teacher.   

I would like to thank those who helped in guiding my research of A
2
E

2
.  Marlyn 

Stone and Beverly Anderson at Region 17 Service Center were a great resource allowing 

me to identify schools with A
2
E

2
 and directing me towards beneficial information.  I 

would also like to thank all the school districts that participated in the research process.  I 

know it was not easy collecting information and returning it to me in a timely manner.  I 

would also like to thank Dr. Matt Baker for allowing me to bounce ideas and information 

off of him.  I would also like to thank him for allowing me to become an employee of 

Texas Tech University and the Department of Agricultural Communications.   



Texas Tech University, Aaron Bednarz, December 2007 

iii  

Last but certainly not least, I would like to thank my family.  Their continued 

support of me throughout my educational career has given me the strength I needed to 

continue when school became a challenge.  My parents, Dennis and Kathy Bednarz, have 

been the greatest impact on my life and will continue to guide and push me towards my 

lifelong goals.  My brother, Jordan, sister, Sarah, and sister-in-law, Jennifer, have helped 

to keep me motivated as I continued towards my educational goals.  I hope to someday 

return the favor to them.  I also must mention my niece, Katelyn Brooke.   

 



Texas Tech University, Aaron Bednarz, December 2007 

iv  

TABLE OF CONTENTS 

ACKNOWLEDGEMENTS ................................................................................................ii 

ABSTRACT......................................................................................................................vii 

LIST OF TABLES ............................................................................................................. ix 

LIST OF FIGURES............................................................................................................. x 

CHAPTER 

I. INTRODUCTION ........................................................................................................... 1 

Statement of the Problem ................................................................................................ 3 

Purpose and Objectives ................................................................................................... 3 

Definitions of Key Terms................................................................................................ 4 

Limitations ...................................................................................................................... 5 

Assumptions .................................................................................................................... 6 

Significance of the Study ................................................................................................ 6 

II.  REVIEW OF LITERATURE........................................................................................ 8 

Theoretical Framework ................................................................................................... 8 

Integrated curriculum .................................................................................................... 11 

Mathematics Curriculum............................................................................................... 15 

Student Achievement .................................................................................................... 17 

A
2
E

2
 Course................................................................................................................... 20 

Summary ....................................................................................................................... 21 



Texas Tech University, Aaron Bednarz, December 2007 

v  

III.  METHODOLOGY..................................................................................................... 23 

Research Design............................................................................................................ 23 

Sample & Population .................................................................................................... 24 

Instrumentation.............................................................................................................. 25 

Validity.......................................................................................................................... 26 

Data Collection.............................................................................................................. 27 

Data Analysis ................................................................................................................ 28 

IV.  FINDINGS................................................................................................................. 29 

Objective 1 .................................................................................................................... 29 

Objective 2 .................................................................................................................... 33 

Objective 3 .................................................................................................................... 34 

Objective 4 .................................................................................................................... 36 

V.  SUMMARY AND CONCLUSIONS.......................................................................... 40 

Summary ....................................................................................................................... 40 

Conclusions and Implications for Objective 1 .............................................................. 42 

Conclusions and Implications for Objective 2 .............................................................. 43 

Conclusions and Implications for Objective 3 .............................................................. 44 

Conclusions and Implications of Objective 4 ............................................................... 44 

Implications and Recommendations ............................................................................. 46 



Texas Tech University, Aaron Bednarz, December 2007 

vi  

REFERENCES.................................................................................................................. 51 

APPENDIX ....................................................................................................................... 56 



Texas Tech University, Aaron Bednarz, December 2007 

vii  

ABSTRACT 

 

The No Child Left Behind Act of 2001 requires states to develop and implement a 

statewide yearly assessment measuring student’s progress and understanding of the state 

curriculum (United States Department of Education, 2003).  As a result of this act, Texas 

has developed and implemented the Texas Assessment of Knowledge and Skills (TAKS) 

as the statewide assessment.  Upon the implementation of the TAKS test students are 

expected to reach proficiency level of achievement in the areas of reading/language arts, 

mathematics, and science before graduating from high school.  Even with the proper 

instruction in course work, students are struggling to reach levels of proficiency in these 

subject areas resulting in their ineligibility to graduate from high school.   

The A
2
E

2
 course is designed for ninth grade students who unsuccessfully 

completed the eighth grade TAKS test and are enrolled in Algebra I.  A
2
E

2
 is designed to 

assist students who are struggling in understanding concepts by creating the opportunity 

for the application of algebra concepts to real world settings.  The course creates the 

opportunity through a block scheduling that allows for students to spend the first half of 

the class learning algebra concepts and the second half of the class applying those 

concepts to real-world, agricultural topics.   

Students in the state of Texas must pass the TAKS test for reading/language arts, 

mathematics, and science before graduating from high school.  Students are struggling to 

reach acceptable achievement scores on the mathematics portion of the test.  The A
2
E

2
 

course is designed to help increase student achievement in algebra.  The primary purpose 
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of this research project is to explain the relationship that the A
2
E

2 
course has on student 

achievement as measured by the TAKS Test.   

The research project incorporated the use of an ex post facto research design to 

investigate the effectiveness of the A
2
E

2 
course.  Although there were not any significant 

differences found between A
2
E

2 
and other forms of math remediation the researcher 

found evidence supporting the A
2
E

2 
course and its use as a form of math remediation.   

 

 



Texas Tech University, Aaron Bednarz, December 2007 

ix  

LIST OF TABLES 

 

4.1 Demographic Characteristics of “math-risk” Ninth Grade Students………………...30 

 

4.2 Traditional, A
2
E

2
, and Total Scale Scores on Mathematics TAKS Test………….....34 

 

4.3 Comparison of Ninth Grade Mathematics TAKS Score by School Type…………...35 

 

4.4 Comparison of Changed Mathematics TAKS Score by School Type……….………36 

 

4.5 Pearson Product-Moment Correlation of Mathematics TAKS Scale Score, Gender, 

and Socio-Economic Status………………………...………………………………..37 

 

4.6 Change in Mathematics TAKS Score According to Ethnicity, School Size, and Math 

Remediation……..…………………………..……………………………………….38 

 



Texas Tech University, Aaron Bednarz, December 2007 

x  

LIST OF FIGURES 

 

 

2: Kolb’s Experiential Learning Theory (Kolb & Fry, 1975) ............................................. 9 

3: Region 17 School Districts............................................................................................ 25 

4.1: Ethnicity of Sample.................................................................................................... 31 

4.2: Socio-Economic Status. ............................................................................................. 32 

4.3: Gender……………………………………………………………………………….33 



Texas Tech University, Aaron Bednarz, December 2007 

1  

CHAPTER I 

 

INTRODUCTION  

 

 The No Child Left Behind Act of 2001 requires states to develop and implement a 

statewide yearly assessment measuring a student’s progress and understanding of the 

state curriculum (United States Department of Education, 2003).  The Texas Assessment 

of Knowledge and Skills (TAKS) test is the measurement of student achievement used in 

the state of Texas.  Upon the implementation of the TAKS test, students are expected to 

reach proficiency level of achievement in the areas of reading/language arts, 

mathematics, and science before graduating from high school.  Within the state of Texas, 

it is evident that students are struggling to reach levels of proficiency in these areas.  In 

Region 8 of Texas, 68.7% of ninth grade students failed the mathematics TAKS test (Lair 

& Williams, 2007).   

Students who have unsuccessful experiences in high school or fail to obtain a 

degree find themselves working minimum wage jobs (Trexler & Barrett, 1992).  It is the 

duty of teachers to ensure that each student has a positive educational career in order to 

graduate with a diploma.  Through an integrated curriculum, teachers can help students 

have a successful experience in high school.  An integrated curriculum allows students 

the opportunity to understand key concepts through application in a variety of settings 

(Conroy & Walker, 2000).   

Agriscience is an example of an integrated curriculum.  Agriscience has been 

defined as science applied through agriculture (Malpiedi, 1989).  Students are not only 

introduced to both science and agriculture concepts, but they also apply the concepts to 
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real-life settings.  Through application, students create a stronger understanding of 

concepts.  This application also allows students to understand why it is beneficial for 

them to understand concepts.  Not only does the agriculture curriculum allow for 

application of concepts, it also provides a context for applying mathematic concepts in 

the classroom and laboratory.  These applications can be helpful in allowing students to 

experience a successful high school career.   

Region 8 of Texas Education Agency has implemented a new course called 

Agricultural Algebraic Extensive Exploration (A
2
E

2
).  The A

2
E

2 
is an integrated 

agriculture and mathematics curriculum that allows students to apply mathematic 

concepts in an agricultural setting (Derrick, n.d.).  According to the Texas Education 

Agency website (2007), in 2003, 68.7% of the eighth grade students in Region 8 did not 

achieve a mastery level of performance on the mathematics TAKS test.  The A
2
E

2
 course 

was implemented in the school year 2003-2004 at three schools and has since grown to 

thirty-two of the forty eight districts in Region 8.  The mathematics TAKS test scores 

have increased to 81% mastering in 2006 (Texas Education Agency, 2006).  Is it a 

possibility that the A
2
E

2
 course is the contributing factor allowing for students to have 

increased test scores?   

The A
2
E

2
 course is designed for ninth grade students who were unsuccessful in 

mastering the eighth grade TAKS test and are enrolled in Algebra I.  A
2
E

2
 is designed to 

assist students who are struggling to understand concepts by creating the opportunity to 

apply algebra concepts to real world settings.  The course creates learning opportunities 

through a block scheduling that allows students to spend the first half of the class 
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learning algebra concepts and the second half of the class applying those concepts to real-

world, agricultural topics.   

Statement of the Problem 

Students in the state of Texas must master the TAKS test for reading/language 

arts, mathematics, and science before graduating from high school.  A high percentage of 

students are struggling to reach acceptable achievement scores on the mathematics 

portion of the test.  The A
2
E

2
 course is designed to help increase student achievement in 

algebra.  The primary purpose of this research project is to explain the effect that the 

A
2
E

2 
course has on student achievement as measured by the TAKS Test.   

Purpose and Objectives 

 The purpose of this study is to determine the effect of an integrated course on 

student achievement in mathematics.  Findings from this study will foster a better 

understanding of integrated agricultural and mathematics curriculum.  The following 

objectives were developed to guide the study  

1. Identify the demographic characteristics of math risk of ninth grade students. 

2. Describe math risk ninth grade students according to their eighth grade and ninth 

grade mathematics TAKS scale score. 

3. Compare math scores of students enrolled in an A
2
E

2
 course with those not 

enrolled in an A
2
E

2
 course. 

a. H0: There are no significant differences between A
2
E

2
 students and 

traditional students on math TAKS test.   
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b. H0: There are no significant differences between A
2
E

2
 students and 

traditional students on gain score.   

4. Explore mathematics TAKS progress by demographic and school characteristics.   

Definitions of Key Terms 

A
2
E

2
 – Agricultural Algebraic Extensive Exploration – Integrated curriculum 

course including Algebra I and Agriculture (Derrick, n.d.).  Creates hands on learning 

laboratory for mathematic concepts. 

Achievement – Smith and Adams (1966) determined achievement to be learning.  

Achievement on the mathematics portion of the TAKS test will be measurement to 

determine if students did or did not learn the curriculum. 

Agricultural Education – “Instruction in agriculture emphasizing the principles, 

concepts, and laws of science and their mathematical relationships supporting, describing 

and explaining agriculture” (Buriak, 1989, p.4) 

 Agriscience Program - “the application of science in agriculture” (Malpiedi, 

1989) 

 Math- risk – students who have failed the 8
th
 grade TAKS test - This research 

paper will not include special education students in this group. 

 Socio-Economic Status – The qualification of free and reduced lunches signifies 

socio-economic status of the students.  Students who qualify for free and reduced lunches 

have a low socio-economic status.   

Integrated Curriculum – the application of multiple curriculums in a course to 

create a deeper understanding of key concepts 
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Mastered Skills – Students who pass the TAKS test the term given to students 

when they reach achievement levels determining a “passing” score on the TAKS test.  A 

“passing” score on the TAKS test is identified as a 2100.   

TAKS – Texas Assessment of Knowledge and Skills – Texas Education Agency 

(2007) defines the TAKS as a standard test of the statewide curriculum.  This assessment 

is Texas’ yearly measurement of student comprehension of state curriculum that must be 

present as result of No Child Left Behind Act 2001. 

TEKS – Texas Essential Knowledge and Skills – Texas state curriculum of the 

requirements in which a student must show mastery of in order to receive credit for class. 

Limitations 

 In analyzing the data there are limitations that must be considered when 

generalizing to a larger population.  Variances in student demographics will limit the 

study when applying data to high school students.  It is important to remember that the 

test group involves 9
th
 grade students who were unable to master the TAKS test in 8

th
 

grade.  The age of the population ranges from 14-16 years of age.   

 Another important limitation of the research includes the subject matter in which 

the population is studied.  The A
2
E

2
 course is designed to integrate agriculture and 

algebra concepts.  Although other studies have investigated integrated curriculum and 

student success, data should not be generalized to other subject areas.   

 All data was collected from school districts located within Region 17 of Texas.  

A
2
E

2
 follows the Texas Education Agency’s (TEA) curriculum; therefore, the 
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conclusions, recommendations, and implications of the research apply only to the 

curriculum TEA enforces.   

Assumptions 

There are a few basic assumptions concerning the students and the teachers 

participating in the research project.  The researcher and readers of this research need to 

be aware of these assumptions before analyzing the results of the study.   

The first of the assumptions concerns the students.  The researcher assumed that 

all students had a desire to reach high levels of achievement.  It is also important to 

remember that all students are capable of learning and achieving more than what is 

typically demanded of them in today’s educational society (Porter, Archbald, & Tyree, 

1991).   

The second part of the assumptions concerns the teachers involved in the research 

project.  Each teacher of the A
2
E

2
 course must attend professional development 

workshops where they are taught how to teach the A
2
E

2
 course.  One assumption that 

must be made is that upon completion of the workshops teachers knew how to teach the 

course.  Additionally, it was assumed that the course was taught the same in every 

classroom and that the teachers were capable of teaching the coursework.   

Significance of the Study 

The research carries great significance to the agricultural education community.  

This study helps to create an understanding for agricultural educators about possibilities 

they have to assist students to reach higher levels of achievement on the mathematics 
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TAKS test.  The research helps to justify the additional need and importance of 

agricultural science programs in the high school education system.   

With academic and vocational education programs experiencing declining 

enrollments, increasing graduation requirements, and increasing focus on accountability, 

our educational system is in dire need of change.  The integration of academic and 

vocational education programs offers an opportunity to help both programs (Lankard, 

1992).  

Through the incorporation of an integrated curriculum, students are allowed the 

opportunity to understand and apply mathematics in real life situations.  This application 

creates a stronger and complete understanding of concepts being taught to the students.  

The curriculum of the A
2
E

2
 course requires a partnership between the agriculture teacher 

and a mathematics teacher in the high school.  Through this partnership, the relationship 

between agriculture teachers and other professional staff at high schools will be 

strengthened creating a more efficient workplace.   



Texas Tech University, Aaron Bednarz, December 2007 

8  

CHAPTER II 

REVIEW OF LITERATURE 

 

The purpose of this study is to determine the effect of an integrated course on 

student achievement in mathematics.  This review of literature was developed for the 

purpose of providing the reader with theoretical framework as well as previous research 

projects supporting this research project.  This chapter has been divided into sections that 

will discuss the major variables concerning the research project.  These sections include 

integrated curriculum, student achievement, legislation, mathematics curriculum, and 

A
2
E

2
 course.   

Theoretical Framework 

The research project explored Kolb’s Experiential Learning Theory (ELT).  Kolb 

defined ELT as “the process whereby knowledge is created through the transformation of 

experience.  Knowledge results from the combination of grasping and transforming 

experience” (Kolb, 1984, p. 41).   

Kolb’s ELT is a four-stage learning cycle that allows for immediate (concrete) 

experiences to provide basis for observations and reflections by the learner (Kolb & 

Chapman, 2003).  As an educator, ELT is a particularly unique theory because it is able 

to contribute to a variety of learning styles while creating the opportunity for an 

application of the curriculum and development of a deeper understanding of how it 

works.  ELT is a continuous cycle that is depicted in Figure 2.1.  Each phase of the cycle 
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builds upon the lessons or concepts learned from the previous and allows for a stronger 

understanding of concepts students are faced with.   

 

Figure 2:  Kolb’s Experiential Learning Theory (Kolb & Fry, 1975) 

 

The cycle begins with concrete experience (CE).  CE can be a wide range of 

experiences including, observations, primary text reading, field work, trigger films, 

examples, and laboratories (Heywood, 1997).  CE is followed in the cycle with reflective 

observation (RO).  During RO students begin to reflect on their experience and the 

effects it has on them personally.  Students at this point can achieve this through the use 

of a journal, log, discussion, or rhetorical questions.  After RO students begin applying 

their newly acquired knowledge in the abstract conceptualization (AC) phase of the 

cycle.  While in this portion of the cycle, students learn how to construct new processes 

of performing the task at hand.  Students attain AC through written papers, model 

Concrete 
Experience 

(CE) 

Abstract 
Concept-
ualization  
(AC) 

Active 
Experimentati

on 
(AE) 

Reflective 
Observation 

(RO) 
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building, projects, or analogies.  After AC students move towards active experimentation 

(AE) and use simulations, case studies, field work, or projects to develop a personal 

understanding of the methods of how to complete the activity.  The AE phase of the cycle 

leads students back to CE, which allows for questioning and new knowledge to be found 

(Atherton, 2005).   

The use of experiential learning has been used extensively to research agriscience 

programs at both the high school and university levels of education.  Roberts (2006), in a 

philosophical examination of the experiential learning theory, discussed experiential 

learning as a process or context in which learning occurs.  The process of experiential 

learning is discussed as cyclical and requires the initiative of the learner to begin the 

cycle.  Roberts also described similarities between experiential learning, problem-

solving, and inquiry-based learning.   

Inquiry-based learning has been frequently used in science classrooms to increase 

student achievement and attainment of subject matter (Parr & Edwards, 2004).  Their 

findings determine that the use of a learning cycle, as in experiential learning, can 

develop the scientific reasoning abilities of students.  The learning environment has great 

effect on student achievement in the classroom.  A learning environment conducive to 

sustained inquiry presents the greatest promise for the improvement of learning 

(Abraham, 1997).  A sustained inquiry classroom is created through the use of a learning 

cycle approach to teaching such as experiential learning.   

Boone (1990) researched the problem-solving approach to learning and found that 

the use of this teaching technique increased the level of student retention of agriculture 

knowledge.  Boone also found that the problem-solving approach to teaching 
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instructional units in vocational agriculture allow students the opportunity to solve real 

problems.  The opportunity to solve real problems allows for students to increase the 

retention of knowledge.  This research lead Boone to make the conclusion that research 

needs to be conducted investigating problem-solving teaching techniques to determine 

the effects it has on student achievement.   

Integrated curriculum 

While academic educators are being accused of not applying concepts to real-

world situations, vocational educators are receiving criticism for having a curriculum that 

is too specific in training students (Grubb, Davis, Lum, Plihal, & Morgaine, 1991).  This 

problem can be addressed through the integration of academic and vocational 

curriculums.  Researchers have determined that through the integration of curriculums 

teachers are able to increase students’ abilities to think critically, solve problems, and 

understand concepts.  Students are then able to apply those concepts to real-world 

situations, and increase achievement (Lankard, 1992; Mabie & Baker, 1996).  

Hoachlander (1999) stated that the prominent way for students to achieve mastery of 

skills and knowledge is through the application of concepts to real-world situations.   

Lankard (1992) researched strategies for the implementation of integrated 

curriculum.  This research discussed several aspects of an integrated curriculum.  The 

reason for integrating curriculums lies in the need for a change in the educational system 

that is currently in place.  The declining enrollment numbers for academic and vocational 

education programs as well as the increasing accountability pressures and the elevating 
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graduation requirements place a large need for the integration of academic and vocational 

curriculums.   

Lankard’s research also investigated the elements of a successful integrated 

curriculum.  The elements of success vary within each independent school.  Integrated 

curriculums must be designed to fit the needs of existing programs, local labor markets, 

and the needs of students located within that particular district.   

Mabie and Baker (1996) researched the effects instructional strategies had on 

science process skills.  Their conclusions found that fifth and sixth grade students who 

participated in the experiential activities had a larger increase in observational, 

communication, and comparison science process skills than students who were in the 

control group and did not receive the experiential activities.  They identify students’ 

abilities to observe, communicate, compare, relate, order and infer as critical thinking 

skills.  These skills were slightly increased through the use of the experiential activities. 

After investigating several models of curriculum integration, Leopp (1999) 

concluded that movement towards an integrated curriculum at a nationwide level does not 

hold much hope.  However it was discovered that some type of an integrated curriculum 

could promote more learning and is destined to receive great attention in the near future.  

Leopp also found that an integrated curriculum should be relevant, standards based, and 

meaningful as well as challenge students to solve real world problems.   

Parr, Edwards, and Leising (2006) encouraged agricultural educators to devote 

time and effort into developing a contextualized curriculum that will demonstrate the 

value of agricultural education for supporting student learning across the curriculum.  

Their research concerning the integration of mathematics into an agricultural power and 
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technology course found that student’s performance on a mathematics placement test was 

significantly affected by the use of a math-enhanced agricultural power and technology 

course.   

Jensen (1998) determined one of the most effective ways to develop a student’s 

intellectual thinking is through the use of challenging, problem-solving activities.  Wolf 

and Brandt (1998) describe the promotion of problem-solving to be a circumstance that 

allows for students to effectively use knowledge gained from various curriculums in 

order to reach a conclusion.  Students demonstrate mastery of skills and knowledge by 

applying concepts in order to solve problems.  Through their promotion and definition of 

problem-solving, there is a need developed for integrating curriculum.  Integrated 

curriculums allow for the use of a variety subject matter to be used in solving a problem 

or demonstrating a skill to accomplish a goal.   

Curriculum integration over the years has taken many directions in which it has 

been described.  Many of the various definitions of curriculum integration allow for real-

world application of concepts embedded in the curriculum.  Pring (1973) describes an 

integrated curriculum as a marbled cake.  He concluded that an integrated curriculum 

allows for the barriers segregating curriculums to become less evident.  This differs from 

an interdisciplinary curriculum where the barriers are clear and sustained.   

Hoachlander (1999) concludes that the purpose of curriculum integration should 

be to increase student academic achievement.  Hoachlander (1999) supports Kain (1993) 

determining that an integrated curriculum holds academic opportunities for 

underperforming students to increase their academic achievement as well as their 

motivation to become a stronger student.  Bailey (1997) determined that curriculum 
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integration had the possibility to increase the achievement of all students regardless of 

academic skill.  Bailey supported this statement by concluding that high achieving 

student’s benefit from the reinforcement of the application of concepts in an integrated 

curriculum.   

A dominant example of an integrated curriculum is Agriscience.  Agriscience 

allows for educators to create opportunities for students to make connections between 

concepts that are embedded in science and agriculture curriculums to make applications 

in real-world settings.  Mathematics competencies are addressed in the agriculture 

curriculum.  Competencies are specifically found in units such as agribusiness, 

entrepreneurship, project planning, construction, plumbing and electricity (Moss, 1986). 

In order to have a successful integrated curriculum, there are several key 

components that must be present for a complete and successful curriculum.  Clark and 

Ernst (2007) comprised a list of four components that create a true integrated curriculum.  

The four mechanisms include academic collaboration, hands-on approaches, creativity 

and problem solving.  Each component plays a key role in allowing for students to reach 

high levels of achievement and the success of the curriculum.   

Academic collaboration and hands-on approaches have similar attributes which 

aide in creating a strong integrated curriculum.  Academic collaboration creates the 

opportunity for instructors to provide students with various experiences allowing for a 

link to be created between subject matter and real-world problems.  Hands-on approaches 

allow for students to develop their personal experiences in using and applying the subject 

matter concepts (Berry, et. al, 2005). 
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In an integrated curriculum, instructors can and should intrinsically motivate 

students (Clark & Ernst, 2007).  Students who are intrinsically motivated to learn find a 

need to learn content being taught.  Kain (1993) explains that an integrated curriculum 

could result in the increased curiosity and improved attitudes of students towards the 

curriculum itself.  The use of a variety of learning methods, creativity, and problem-based 

learning encourages students to become intrinsically motivated and develop a deep 

understanding of concepts despite the curriculum content (Powers & DeWalters, 2004).   

Through the proper use of an integrated curriculum, educators are able to assist 

with the comprehension and development of concepts discussed and used in the 

classroom (Erickson, 1995).  Conroy & Walker (2000) follow Erickson and provide 

supporting information that an integrated curriculum creates a deeper understanding of 

concepts being taught because a variety of teaching methods are used in the classroom.   

Mathematics Curriculum 

Mathematics curriculum is structured towards being very sequenced oriented.  

Many students who find themselves struggling early in their mathematic educational 

career have a hard time catching up to other students who do not exhibit similar 

difficulties because of the very strictly sequenced oriented curriculum (Hallinan, 1996).  

Students are routinely assigned to academic courses according to their tested or perceived 

performance level (Oaks, Gamoran, & Page, 1992); therefore, many of the students who 

exhibit the difficulties early on are filtered into dead-end mathematics courses posing a 

serious obstruction in their struggle for academic success (Gamoran, 1987).   
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Research has been conducted to find different possibilities to address the issue of 

low-achieving students in all courses.  Low-achieving students are capable of learning 

much more than what is typically demanded from them (Porter, Archbald, & Tyree, 

1991).  Researchers have also found that in creating a meaningful understanding for 

students concerning the curriculum increases motivation of students that results in an 

increase of student achievement.  A meaningful understanding of the curriculum for 

students can be described as an understanding of the benefits of learning material, 

applying the material, and knowing the job market helps student develop motivation 

(Singh, Granville, & Dika, 2002; Porter et al. 1991).  Berry (2002) supports these 

researchers in saying that students should be able to connect mathematics to their daily 

lives.   

Miller and Gliem (1994) researched the abilities of agricultural science teachers to 

solve agriculturally related mathematics problems.  Their research determined that how 

students are taught mathematics and problem-solving skills might have a greater 

influence on student abilities to solve mathematical problems.  The use of transition 

courses holds opportunities that allow for teachers to teach students through a variety of 

teaching methods.   

The use of transition courses is a possible answer to the everlasting question of 

how do we help our low-achieving students.  Transition courses are courses that attempt 

to bridge the gap between elementary and high school college preparatory mathematics 

courses.  These courses attempt to fill the gaps that are created when students fail to 

comprehend coursework.  Content coverage in a transition course is more rigorous, and is 

estimated to have larger learning capacity than general mathematics curriculum courses.  
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Transition courses have been shown to be partially successful in upgrading the quality of 

mathematics instruction for low-achieving students (Gamoran, A., Porter, A.C., 

Smithson, J., & White, P.A., 1997).   

Edwards (2004), in a review of literature, found that the development of academic 

curriculum into vocational courses is one strategy we can use improve student 

achievement.  A
2
E

2 
is a form of a transition course in which students study Algebra I 

concepts attempting to increase student achievement and understanding in mathematics.   

Student Achievement 

Chiasson and Burnett (2001) found that the goal of education is achievement and 

that a measurement on a regular basis is a necessity in order to place students in a 

situation that allow for them to achieve at the highest level.  Student academic 

achievement has been measured through a wide variety of ways throughout history.  

Some research suggests that student achievement should be measured via academic 

assessments such as standardized test (Connors & Elliot, 1995).  Rather than measuring 

student academic achievement, Smith and Adams (1966) determines that student 

achievement should be the observation of the act of learning.   

The accepted means in which academic achievement is measured in today’s 

society is standardized testing (Chiasson & Burnett, 2001).  Therefore, today’s 

educational community measures student achievement through the use of an academic 

assessment of the curriculum put forth from the state.  Haertel & Calfee (1983) support 

standardized testing by determining once again that achievement test scores are the 

accepted means of measuring student achievement in education.  Payne (1997) defines 
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standardized test as a measurement of performance given under controlled conditions and 

scored along definite answers according to the normative information.   

In 1983, the National Commission on Excellence in Education produced a report 

called A Nation at Risk.  This report found several key elements that led to the decline of 

student achievement in the United States.  The more important elements of the report 

included items such as continuously loosing sight of the purpose of education by 

educational institutions as well as the decrease in expectations we have of our students 

(National Commission on Excellence in Education, 1983).  The report also determines 

that there is a decrease in student achievement levels of students in the United States 

when compared on an international level.  As a result of these findings, the committee 

made recommendations to aid in the increase in student achievement.  Two of these 

recommendations include increasing the number of class credits in mathematics and 

science and increasing the acceptable assessment scores.   

In an assessment of the aforementioned recommendations of A Nation at Risk, 

Blank and Engler (1992) found a slight increase in achievement scores in science and 

mathematics.  They contribute the increase in achievement scores to be a result of the 

increase in number of courses taken by students.  Brophy (1986) found that student 

achievement is closely related to time in which the student was instructed on material or 

watched by the teacher as they worked independently.  Through increasing time spent 

working on curriculum and designing curriculum strategies that enhance interest, student 

achievement will be increased (Singh, Granville, & Dika, 2002).  Furthermore, it was 

determined that involving students in academic tasks, such as co-curricular activities, can 

increase student achievement.  Findings from this study could help support the report 
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from the National Commission on Excellence in Education and determine the 

recommendations made in A Nation at Risk are slowly improving student achievement in 

the educational community.   

The No Child Left Behind Act (NCLB) reinforced and expanded on the 

recommendations and the policy set forth by A Nation at Risk.  This Act requires states to 

develop a standardized test in order to measure student achievement in their respective 

curriculum (United States Department of Education, 2003).  The state of Texas has 

developed the TAKS test in order to measure student achievement as a result of this Act.   

In a research project concerning class size and student achievement, Odden found 

several connections that can be easily addressed (1990).  The research Odden conducted 

found that student enrolled in courses with a small number of students had a higher 

academic achievement rating.  The ideal class size, according to Odden, was found to be 

in the 15 to 20 student range (1990).  In comparing a class size of thirty students to a 

class size of fifteen, students in the class of fifteen perform about 10% higher than 

students in the class with thirty students.   

There is evidence to suggest the application of science concepts in agricultural 

education courses yields a slightly higher test score.  Whendt and Leising (1988) found 

that students who were in agricultural courses tested higher on biology test than students 

who were in biology courses.  Enderlin and Osborne (1991) also tested science 

comprehension and found that the acquisition of science knowledge is significantly 

different between traditional students and agriculture students.  This significant 

difference is in favor of agricultural students.   
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A
2
E

2
 Course 

An innovative, integrated curriculum course has been developed as a possible 

alternative to math remediation.  This course is known as Agricultural Algebraic 

Extensive Exploration or A
2
E

2
.  The course began in Region 8 of Texas when it was 

observed that 68.7% of 8
th
 graders in 2003 failed the mathematics TAKS test (Lair & 

Williams, 2007).  Coursework is designed for 9
th
 grade students who failed the 8

th
 grade 

mathematics TAKS test.   

School districts can incorporate A
2
E

2
 into their curriculum if they meet the 

requirements of the program.  School districts must have a certified agricultural science 

teacher and a certified mathematics teacher willing and prepared to team-teach the 

curriculum.  Both instructors are expected to be in the classroom for the instructional 

period of the course.  It is also required that the teachers attend professional development 

workshops for six, one-hour sessions as well as three Saturday workshops (Lair & 

Williams, 2007). 

The course was been designed by a team of agriscience and math teachers with 

the common goal of successfully integrating agriscience and algebraic concepts.  The 

course attempts to accommodate multiple learning styles through the use of a variety of 

teaching methods and projects (Derrick, n.d.).  A
2
E

2
 also allows for the introduction of 

real world career applications through the use of problem solving strategies.  Coursework 

aids in the development of a working knowledge of mathematics and improving the 

reasoning and communications skills through interactive, hands-on instruction (Derrick, 

n.d.b).   
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Since the development of the course, it has been implemented into the curriculum 

of thirty-two school districts within Region 8.  In the region, it has shown to have a 

positive effect on students.  Students have shown an improvement in mathematic 

achievement as well as a more diversified enrollment in other agriscience courses (Lair & 

Williams, 2007).   

Research has not been conducted in Region 17 where this research project takes 

place to determine the effects the course has on student academic achievement or 

enrollment in agriscience courses.   

Summary 

Hoachlander’s (1999) research supports the use of integrated curriculum by 

determining that students demonstrate a mastery of skills and knowledge by properly 

applying concepts while attempting to solve problems.  Hoachlander continues stating 

that a prominent and effective way for students to demonstrate mastery is through 

application of concepts to real-world situations.  The approach taken to teach 

mathematics has a large effect on students’ problem solving abilities (Gliem & Miller, 

1994).   

With the use of an integrated curriculum, educators are able to assist low-

achieving students with the development of their critical thinking skills allowing for the 

attainment of higher levels of academic achievement.  This type of curriculum promotes 

and uses hands-on learning activities to increase the understanding of concepts embedded 

in subject specific curriculum for students.  The design of A
2
E

2
 gives students these 

opportunities.   
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National Assessment of Vocational Education, NAVE (USDE, 2004) reported 

that secondary vocational education does not hold many opportunities to increase student 

achievement; however, with key modifications to curriculum and teacher development, 

student achievement could be greatly effected.  The A
2
E

2
 course addresses the “issues” 

found by the NAVE through the use of a two-teacher course (mathematics teacher and 

agriscience teacher) and a modified curriculum.   
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CHAPTER III 

METHODOLOGY 

 

 The purpose of this study is to determine the effect of an integrated course on 

student achievement in mathematics.  Findings from this study will foster a better 

understanding of integrated agricultural and mathematics curriculum.  The following 

objectives were developed to guide the study  

1. Identify the demographic characteristics of math risk of ninth grade students. 

2. Describe math risk ninth grade students according to their eighth grade and ninth 

grade mathematics TAKS scale score. 

3. Compare math scores of students enrolled in an A
2
E

2
 course with those not 

enrolled in an A
2
E

2
 course. 

a. H0: There are no significant differences between A
2
E

2
 students and 

traditional students on math TAKS test.   

b. H0: There are no significant differences between A
2
E

2
 students and 

traditional students on gain score.   

4. Explore mathematics TAKS progress by demographic and school characteristics.   

Research Design 

The research project was conducted using a causal-comparative research design.  

In causal-comparative research, the researcher attempts to discover the effect a variable 

has on given groups or individuals.  This type of research is often referred to as ex post 

facto (Latin for “after the fact”) because the treatment has already occurred (Frankel & 
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Wallen, 2006).  The researcher employed the use of a pretest-posttest control group 

design to conduct the study.  This design was chosen because it allowed the researcher to 

examine the differences of students eighth grade and ninth grade scores.   

Sample & Population 

The targeted population for the research project was schools located in Region 17 

of Texas.  Figure 1 illustrates the school districts located within Region 17.  Region 17 

had 5 schools that incorporated A
2
E

2
 into their curriculum during 2005-2006 school year.  

The researcher attempted to utilize all 5 schools for this research project.  From the 

targeted population the researcher selected 5 similar schools.  Similar schools were 

defined by size, demographics, and academic achievement on the TAKS test.  The school 

year was determined to be 2005-2006 because it would provide the most recent data for 

the research project.   

Upon the completion of data collection the researcher had information concerning 

10 schools.  The researcher cleaned the data eliminating students who failed to meet the 

requirements of the study.  Twelve students (n = 12) students were eliminated due to the 

lack of a pretest or posttest score for their mathematics TAKS test.  Another three 

students were eliminated due to their movement into or out of a special education 

program.  One student was an extreme outlier resulting in their elimination from the 

research.  The researcher was left with a sample consisting of 85 students.   
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Figure 3: Region 17 School Districts. 

Instrumentation 

The instrument for the research project included a form developed with Microsoft 

Word.  This form allowed for the counselor to provide the researcher with the necessary 

information needed to complete this study.  The form was entitled “Math Objectives: 

Score Report Form.” The form included a variety of methods to report the needed 

information regarding students.  The counselor was provided with a legend indicating the 

appropriate coding for reporting some of the needed information.  When coding was not 

necessary the counselor was required to either circle a choice or fill in the empty space. 

The reporting form was developed by the primary researcher and reviewed by a 

committee consisting of three professors in the Department of Agricultural Education and 

Communications at Texas Tech University.  The committee reviewed the form to 

determine if it was user friendly and if the information was necessary for the completion 

of the research project.   
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Validity 

Campbell and Stanley (1963) have determined that a pretest-posttest control 

group design controls for sources of internal validity.  This design is reflective of causal-

comparison design that was used in this research project.  Although the design controls 

for internal validity, there are possible threats to external validity.  These threats have 

been identified as interaction of the control group with the treatment group and reactive 

arrangements.   

The researcher controlled for the threat of interaction between the test groups 

through the selection method of the sample.  The sample is derived from students who are 

enrolled in the A
2
E

2
 course and students from a similar school for the control group.  The 

most recent data for the project has been determined to be from the school year 2005-

2006; therefore, students will not have had any interaction with each other throughout the 

project.  It is also important to remember that the data was collected ex post facto.  This 

contributes to the control of the external threat of interaction of groups.   

Campbell and Stanley (1963) identified reactive arrangements as a threat to the 

validity of the design of a pre-test, posttest experiment.  Reactive arrangements are found 

in the sample of the study.  The sample may change their attitude because they are a part 

of the project.  This research project did not measure student’s attitudes or psychological 

perceptions of the treatment or lack of; therefore, the threat of reactive arrangement will 

be reduced.  The instrumentation of the research will control for reactive arrangements 

because it is separate from the course.  Students must take the TAKS test even if they are 

not enrolled in the treatment.   
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Data Collection 

 In order to collect data, the researcher obtained permission from superintendents 

of participating school districts.  The researcher first sent an introduction letter to schools 

being sought to participate briefly describing the research project and why their 

participation is important to the project.  The researcher then made further contact by 

calling all schools to answer any questions the superintendent may have concerning the 

research project.  During the first phone call the researcher gained verbal confirmation of 

the schools participation in the research project as well as the contact information for 

counselor or principal.   

 The researcher then proceeded to contact the counselor/principal to determine the 

best means of collecting the data.  The researcher provided the counselor/principal with 

three different options for data collection.  The counselor/principal had the option of 

completing a Microsoft word table electronically, a printed table, or dictating to the 

researcher the data to be entered electronically or on a printed table.  Through this 

method of data collection the researcher had no interaction with students and has no 

ability to connect data to students.   

 The counselor/principal was assigned a set of numbers (e.g., 1-20) from which 

he/she assigned to a student.  In order to keep schools separate, each district received a 

number.  All data the researcher collected was obtained from the records of the school 

district regarding the 2005-2006 freshman class.  This population has been identified as 

the most recent, relevant data accessible to the researcher.  The data collected from the 

counselor included demographics, GPA, and comprehensive TAKS score (specifically 

mathematics scores for students 8
th
 and 9

th
 grade year).  The researcher also determined if 
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the school uses a form of mathematics remediation program.  Demographic information 

was further collected for classification, gender, ethnicity, and qualification for free and 

reduced lunches. 

Data Analysis 

 Data collected was analyzed using Statistics Package for Social Science (SPSS) 

15.0 for Windows.  The researcher used descriptive statistics to analyze the frequencies, 

means, and standard deviations regarding Objective 1 and 2.  These descriptive statistics 

were used to describe measures of central tendency and variability of the data.  An 

independent samples t-test was used to analyze objective three.  This form of 

measurement was used to determine the differences among ninth grade mathematics 

TAKS test and form of remediation as well as the differences between change in 

mathematics TAKS test and form of remediation.  A Pearson Product-Moment 

correlation was used to explore objective four.  This correlation was used to find forms of 

variability between mathematics TAKS scale score, gender, and free/reduced lunches.  

The researcher also used a mean comparison to explore changes in mathematics TAKS 

scale scores with ethnicity, school size, and math remediation.   
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CHAPTER IV 

FINDINGS 

 The purpose of this study is to determine the effect of an integrated course on 

student achievement in mathematics.  Findings from this study will foster a better 

understanding of integrated agricultural and mathematic curriculum.  The following 

objectives were developed to guide the study  

1. Identify the demographic characteristics of math risk of ninth grade students. 

2. Describe math risk ninth grade students according to their eighth grade and ninth 

grade mathematics TAKS scale score. 

3. Compare math scores of students enrolled in an A
2
E

2
 course with those not 

enrolled in an A
2
E

2
 course. 

c. H0: There are no significant differences between A
2
E

2
 students and 

traditional students on math TAKS test.   

d. H0: There are no significant differences between A
2
E

2
 students and 

traditional students on gain score.   

4. Explore mathematics TAKS progress by demographic and school characteristics.   

Objective 1 

Objective 1 sought to identify the demographic information of “at risk” students 

in the ninth grade.  The demographic information collected from databases at the school 

districts yielded the information presented in Table 4.1.  The table presents information 

of A
2
E

2
 students, traditional students, and a summary of all students.   
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Table 4.1 

Demographic Characteristics of math-risk Ninth Grade Students 

 A
2
E

2 
(n = 36) Traditional (n = 49) Total (n = 85) 

 Frequency Percent Frequency Percent Frequency Percent 

Gender       

Male 16 44.4 27 55.1 43 49.4 

Female 20 55.6 22 44.9 42 48.3 

Ethnicity       

African 

American 

2 5.6 5 10.2 7 8.0 

Hispanic 26 72.2 22 44.9 48 55.2 

Native 

American 

  9 18.4 9 10.3 

White 8 22.2 13 26.5 21 24.1 

Free/Reduced 

Lunch 

      

Qualify 30 83.3 41 83.7 71 81.6 

Not 

Qualify 

6 16.7 8 16.3 14 16.1 

Math 

Remediation 

      

Yes 36 100.0 35 71.4 71 81.6 

No *  14 28.6 14 16.1 

Note. A
2
E

2
 is a form of math remediation. 

 

The sample contained 85 students.  A summary of demographics of the sample 

can be found in Figure 1.1.  Forty-eight students (55.2%) were identified Hispanic as 
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their ethnicity.  Twenty-one students (24.1%) were identified as having a White ethnicity.  

Nine (10.3%) students were identified as Native Americans and only seven (8.0%) 

students were identified with an African American ethnicity.   

The Sample was composed of thirty-six (42%) A
2
E

2 
students. Twenty-six (72%) 

of the A
2
E

2 
students were Hispanic.  The remaining ten A

2
E

2 
students were White and 

African American.  Eight (22%) of the students were White leaving two (5%) African 

American students.  Students not enrolled in A
2
E

2 
were identified as traditional students.  

Forty-nine (57%) students from the sample have been identified as traditional students.  

Traditional students are students not enrolled in an A
2
E

2 
course.  Twenty-two (44%) 

students were identified as Hispanic.  Thirteen (26%) students were identified as having a 

White ethnicity.  The remaining sample consisted of nine (18%) Native Americans and 

five (10%) African Americans.   

Et hni c i t y
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Figure 4.1: Ethnicity of sample. 
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Figure 4.2 demonstrates the Socio-Economic Status (SES) of the sample.  

Seventy-one (81%) students were identified as low SES.  Only fourteen (16%) students 

were from a high SES.  The SES of the A
2
E

2 
students has a similar distribution to the 

sample.  Thirty (83%) A
2
E

2 
students were low SES, leaving only six (16%) students 

enrolled in the A
2
E

2 
course who are high SES.  A large portion of the traditional students 

were of low socio-economic status (83%, n = 41).   
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Figure 4.2: Socio-economic status. 

 

Figure 4.3 shows the gender of the sample.  Forty-three (49%) students were male 

and forty-two (48%) were female.  An overwhelming majority (81%, n = 71) of the 

population was enrolled in a form of math remediation program.  Twenty students from 

the A
2
E

2
 Group were female and sixteen students were male.  Of the traditional students, 

twenty-seven (55%) were male and twenty-two (44%) were female.  Thirty-five (71%) 

students are in a form of math remediation other than A
2
E

2
.  Only fourteen (28%) 
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students did not receive any form of math remediation in preparation for the mathematics 

TAKS test.  
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Figure 4.3: Gender. 

Objective 2 

Objective 2 sought to describe “at risk” ninth grade students according to their 

eighth grade and ninth grade mathematics TAKS scale score.  Table 4.2 presents the data 

concerning the means and standard deviations of the scores on the mathematics TAKS 

test.  In eighth grade, students had a mean of 1988.61 with a standard deviation of 66.24 

on the mathematics TAKS test.  Their mean score (M = 2022.00, SD = 105.50) and 

standard deviation increased for students on their ninth grade test.    

The results of the eighth and ninth grade scores of student enrolled in an A
2
E

2
 course and 

the traditional students are found in Figure 4.5.  These students in the A
2
E

2
 course had a 

mean score of 1971.75 on the mathematics TAKS test and a standard deviation of 69.16 

during their eighth grade year.  After being enrolled in the A
2
E

2
 course, students had a 

mean score of 2002.67 and a standard deviation of 98.61 for their ninth grade year.   
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Traditional students had a higher mean score (m = 2001.00) and a lower standard 

deviation (SD = 61.8) than A
2
E

2
 students on their eighth grade test.  Their ninth grade 

scores revealed a higher mean score (m = 2036.20) as well as a higher standard deviation 

(SD = 108.88) than the A
2
E

2
 students.   

 

Table 4.2 

Traditional, A
2
E

2
, and Total Scale Scores on Mathematics TAKS Test 

 8
th
 Grade 9

th
 Grade 

 M SD M SD 

Total (N = 85) 1988.61 66.24 2022.00 105.50 

Traditional (n = 49) 2001.00 61.80 2036.20 108.88 

A
2
E

2
 (n = 36) 1971.75 69.16 2002.67 98.91 

 

Objective 3 

Objective 3 was to examine the difference between students enrolled in A
2
E

2 
and 

students not enrolled in A
2
E

2
.  The researcher investigated the students’ ninth grade 

mathematics TAKS scale scores and the change in scores from eighth grade to ninth 

grade.   

The researcher used an independent samples t-test to compare the means of the 

A
2
E

2 
students to traditional student on their ninth grade mathematics TAKS test.  The 

findings are expressed in Table 4.3.  The research hypothesis for this objective states that 

students who are enrolled in an A
2
E

2 
course will score differently on the mathematics 

TAKS test than students who are not enrolled in an A
2
E

2 
course (H1: xA

2
E

2
 ≠ xtraditional).  
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The null hypothesis states that there is no difference on the mathematics TAKS test 

between students enrolled in the A
2
E

2 
course and those not enrolled in the A

2
E

2 
course 

(H0: xA
2
E

2
 = xtraditional).  The alpha level was set a priori at α = .05.  Traditional students (n 

= 49) scored a mean of 2036.20 (SD = 108.88) on the mathematics TAKS test, while 

students enrolled in an A
2
E

2
 course (n = 36) scored a mean of 2002.67 (SD = 108.88).  

The calculated t-value (t83 = 1.46) was not significant (p = .15) at α = .05. The null 

hypothesis was accepted. There was no significant difference between school types on 

math TAKS.   

 

Table 4.3 

Comparison of Ninth Grade Mathematics TAKS Score by School Type 

School Type Frequency (f) Mean (M) Standard Deviation (SD) t p 

Traditional 49 2036.20 108.88 1.46 .15 

A
2
E

2
 36 2002.67 98.91   

 

 

Table 4.4 depicts the results of changed mathematics TAKS scores by school 

type.  The research hypothesis states that students who are enrolled in an A
2
E

2 
course will 

have a different change in score than students not enrolled in an A
2
E

2 
course (H1: xA

2
E

2
 ≠ 

xtraditional).  The null hypothesis states that students enrolled in A
2
E

2 
will have the same 

change in mathematics scale score as students not enrolled in A
2
E

2 
(H0: xA

2
E

2
 = xtraditional).  

The alpha level was set a priori at α = .05.  Traditional students (n = 49) change in 

mathematics TAKS scale score showed a mean of 35.20 (SD = 95.20), while students 

enrolled in an A
2
E

2
 course (n = 36) change in mathematics TAKS scale score showed a 
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mean of 30.92 (SD = 95.85).  The calculated t-value (t83 = .21) was not significant (p = 

.84) at α = .05. The null hypothesis was accepted.  There was no significant difference 

between school types on change in math TAKS.  

 

Table 4.4 

Comparison of Changed Mathematics TAKS Score by School Type 

School Type Frequency (f) Mean (M) Standard Deviation (SD) t p 

Traditional 49 35.20 95.20 .21 .84 

A
2
E

2
 36 30.92 95.85   

 

 

Objective 4 

Objective 4 sought to explore mathematics TAKS progress by demographic and 

school characteristics.  Pearson product-moment correlations were used to examine 

mathematics TAKS scale scores, gender, and socio-economic status.  Table 4.5 reveals 

the relationships found from the correlation.  The relationship between ninth grade 

mathematics TAKS score and gender had a positive, negligible (r = .05) correlation.  

According to Miller (1994), this eliminates the need for further work attempting to 

establish causality.  Ninth grade mathematics TAKS score and socio-economic status had 

a negative, low (r = -.21) correlation.  The coefficient of determination (r
2
) was calculated 

as 4.41%.  The coefficient of determination allows the researcher to better describe the 

amount of variability within the variables.  Although gender and socio-economic status 

have the largest correlation (r = .31), they are not significant due to the nature of the 

variables as they are not free to vary together.   
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Table 4.5 

Pearson Product-Moment Correlation of Mathematics TAKS Scale Score, Gender, and 

Socio-Economic Status 

 1 2 3 

1.  9
th
 Grade 

Mathematics TAKS 

Score 

1 .05 -.21* 

2.  Gender
a
  1 .31* 

3.  Free/Reduced 

Lunch
b
 

  1 

Note.  
a
Gender Coding: 0 = Male; 1 = Female.  

b
Socio-Economic Status: 0 = Not 

Qualify;1 = Qualify. *p ≤ .05 

 

 

Other demographic variables were used to explore TAKS scores by levels.  This 

information can be found in Table 4.6. 
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Table 4.6 

Change in Mathematics TAKS Score According to Ethnicity, School Size, and Math 

Remediation 

 N M SD 

Ethnicity    

White 21 70.33 88.32 

Hispanic 48 35.56 95.36 

African American 7 -16.00 63.88 

Native American 9 -26.00 94.41 

School Size    

Small School 39 61.36 92.80 

Large School 46 9.67 91.08 

Math Remediation    

Yes 71 41.54 94.78 

No 14 -7.93 87.48 

 

 

The data indicated that students who were identified as White (M = 70.33, SD = 

88.32) or Hispanic (M = 35.56, SD = 95.36) had an increased mean score their ninth 

grade test.  African American (M = -16.00, SD = 63.88) and Native American (M = -

26.00, SD = 94.41) students showed a decrease in mean score from their eighth grade 

year.   

Small schools were identified as size A and 6-man.  Large schools were identified 

as AA and AAA.  Small schools showed a larger increase in scale score on the 
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mathematics TAKS test (M = 61.36, SD = 92.80), while large schools showed a much 

smaller increase of scores (M = 9.67, SD = 91.08).   

Students involved in a math remediation program have a higher increase in scale 

scores for the mathematics TAKS test.  Math remediation showed a mean score of 41.54 

and a standard deviation of 94.78 as an increase for students who received a form of 

remediation.  Students who received no form of remediation had a mean score of -7.93 

and a standard deviation of 87.48.     
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

Summary 

This chapter provides a summary of the study, conclusion, implications, and 

recommendations for further study based upon the findings in Chapter IV.   

As a result of the No Child Left Behind Act, each state is mandated to develop an 

evaluation for their students to ensure they are fully developing their abilities in certain 

areas.  These areas include reading/language arts, mathematics, and science.  For the state 

of Texas, this evaluation is the Texas Assessment of Knowledge and Skills (TAKS).  

Reaching acceptable achievement scores on the mathematics portion of the TAKS test 

has been a continuous concern.   

This specific research project investigated the use of an integrated curriculum as a 

form of assistance to struggling students.  Conroy and Walker (2000) found that an 

integrated curriculum allows students the opportunity to understand key concepts through 

applying them in a variety of settings.   

Region 8 of Texas has developed a new course that integrates agriculture and 

algebra.  This course is called Agricultural Algebraic Extensive Exploration (A
2
E

2
). The 

curriculum of the A
2
E

2
 course requires a partnership between the agriculture teacher and 

a mathematics teacher in the high school.  Through the integration of these subject areas 

students are allowed to apply algebra concepts in an agricultural setting (Derrick, n.d.).  

The TAKS scores for Region 8 have been increasing since the implementation of the 

course in 2003.   
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The purpose of this study is to explain the relationship the A
2
E

2 
course has on 

student achievement as measured by the mathematics TAKS Test.  In finding a 

relationship, we were able to understand the beneficial aspects of an integrated 

agricultural and mathematic curriculum.   

This research project has significance to the agricultural education community.  

Agricultural educators becoming involved in the battle of student achievement helps to 

create a need and justification for agricultural education programs in the school systems.  

The research presents agricultural educators with an opportunity to become involved and 

help students increase their understanding of algebra concepts.  The A
2
E

2
 course is one 

way to become involved in helping students obtain higher levels of achievement.   

The research project employed the use of an ex post facto research design.  The 

use of a pretest-posttest control group allowed for the researcher to have a treatment 

group and a control group.  This was the chosen design because it allowed for the 

comparison of two groups.  The experimental group included all A
2
E

2 
students.  The 

control group was found from similar schools that did not use the A
2
E

2 
course.   

The sample for the research was drawn from school districts in Region 17 of 

Texas.  Four A
2
E

2 
schools were used and four comparison schools were drawn from the 

remaining schools in Region 17.  After receiving all data and eliminating students who 

were either outliers or had incomplete data the researcher was left with a sample of 85 

students.   

The most recent data was collected and used in analyzing the A
2
E

2 
course.  All 

data was collected from the high school principal and analyzed using Statistics Package 

for Social Science (SPSS) 15.0 for windows.  The researcher used descriptive statistics to 
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describe both the experimental and control groups as groups and as a whole.  An 

Independent Samples t-test was used to determine the differences between the 

experimental and control group on their ninth grade mathematics TAKS test.  A Pearson 

Product Moment Correlation was used to find variability between TAKS scale score, 

gender, and free/reduced lunches.  The last statistical test used was a mean comparison on 

the changed mathematics TAKS scale score with ethnicity, school size, and math 

remediation.  The findings of these statistical tests have been presented in Chapter IV and 

are further discussed in this chapter.   

Conclusions and Implications for Objective 1 

Objective 1 sought to identify the demographic information of “math-risk” 

students in the ninth grade.  The demographic information yielded important information 

to be considered when designing coursework for math-risk students.  Seventy-three 

percent of the math-risk students were minorities (African American, Hispanic, and 

Native American).  A large majority (81.6%) of the sample have low socio-economic 

status (SES).  It is important to note that 81.6% of the sample is receiving a form of math 

remediation which will show to be important for students later in the chapter.  Gender 

was shown to not be an indication of a math-risk student.  Math-risk students are as likely 

to be male as female.  Further research should focus on variables other than gender as an 

indication of success on standardized test.   

The large variety of ethnicities in public school systems creates a need for our 

curriculum and coursework to become culturally diverse.  In doing so, students will have 

opportunities to make real-life connections to concepts.  The SES of math-risk students 
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may be an indication of the need to increase funding for this group of students to allow 

for more teachers and teaching tools for the application of concepts.  This is supported by 

the findings of Lankard, 1992; Mabie & Baker, 1996; & Lee, 1997.   

While it is inspiring to see that the majority of students struggling with their 

education are receiving help and assistance through the use of remediation curriculums 

and tutorials, it is alarming to see that approximately twenty percent of our sample is not 

receiving any form of math remediation.  We need to continue to assist all students reach 

higher levels of achievement.  We also need to further develop help for our students who 

are not receiving any help. 

Conclusions and Implications for Objective 2 

Objective 2 was to describe math-risk ninth grade students according to their 

eighth grade and ninth grade mathematics TAKS scale score.  From this objective, we 

can conclude that students enrolled in A
2
E

2
 are lower achieving than those who are 

enrolled in a different form of math remediation or not enrolled in math remediation at 

all.  Even though students in A
2
E

2
 are lower achieving, their scores changed similarly to 

those who were not in A
2
E

2
.  This conclusion is an indication that A

2
E

2
 is as effective as 

other forms of math remediation that attempt to increase student achievement in 

mathematics.   

Students who are not involved in any form of math remediation had smaller gains 

in their scale score than students who are involved in a remediation program.  This 

supports the conclusions for Objective 1 that remediation needs to be provided for all 

students.   



Texas Tech University, Aaron Bednarz, December 2007 

44  

Conclusions and Implications for Objective 3 

Objective 3 was to examine the difference between students enrolled in A
2
E

2 
and 

students not enrolled in A
2
E

2
.  The researcher investigated the students’ ninth grade 

mathematics TAKS scale scores and the change in scores from eighth grade to ninth 

grade.  According to the independent samples t-test, there are no significant differences 

between A
2
E

2 
and non-A

2
E

2 
on the ninth grade mathematics TAKS test.  The researcher 

also investigated the change in scores from eighth to ninth grade and found no significant 

difference as well.   

The researcher determined the lack of significance in the ninth grade scores and 

the change in scores to be a result of other forms of math remediation.  It was indicated 

that seventy-one percent of non-A
2
E

2 
students receive a form of math remediation.  This 

supports the conclusions of Objective 2 determining that A
2
E

2
 is as effective as other 

forms of math remediation.   

Conclusions and Implications of Objective 4 

Objective 4 sought to explore mathematics TAKS progress by demographic and 

school characteristics.  As a result of the Pearson Product-Moment correlation, the 

researcher determines that SES can explain 4.41% of the variability of students’ 

mathematics TAKS score.  This indicates there are many other variables making an 

impact on students’ mathematics TAKS scores.   

In exploring other possible factors effecting achievement on the mathematics 

TAKS test, the researcher investigated the change in score according to ethnicity, school 

size and math remediation classes.  The data indicated that math-risk, White and Hispanic 
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students increased their test scores.  The data also showed an overall decrease in 

mathematics TAKS scores of math-risk African American and Native American students.  

This information returns to the implications of Objective 1 stating that we should 

investigate the cultural diversity of our curriculums and testing.   

In objective four, it was found that school size affects scores on the mathematics 

TAKS test.  Smaller schools show to have a larger gain in score on the mathematics 

TAKS test.  It is possible that the class size affects students scores due to the increased 

one-on-one attention students receive.  Students in larger schools (AA and AAA) may not 

receive as much one-on-one attention due to the larger class size.   

It is also important to emphasize that students who receive a form of math 

remediation have a larger increase in mathematics TAKS test scores than those who do 

not receive any form of math remediation.  Math remediation programs in the sample are 

aiding students on the mathematics TAKS test.  The data collected showed that students 

who do not receive any form of math remediation have a decrease in their scores.  In this 

research project, math-risk students are students who failed to master the mathematics 

TAKS test during the eighth grade administration of the test.  According to this, the data 

holds true to the structure of mathematics curriculum as described by Hallinan (1996).  

Hallinan states that students who struggle early during their mathematic career are 

filtered into remediation courses or dead-end mathematics courses impairing their 

abilities to increase their achievement.   
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Implications and Recommendations 

There are some general implications found as a result of the research project.  One 

issue found is the amount of time needed to fully develop and teach the A
2
E

2 
course. The 

demanding schedules of agricultural science teachers create barriers that impair their 

ability to properly prepare lectures or activities for classes.  Due to the wide variety of job 

requirements, it is difficult for agricultural science teachers to devote the amount of time 

needed to prepare for this form of math remediation.  The importance of the involvement 

of agricultural science teachers is immeasurable.  Students need to have the agriculture 

teacher present for the application portion of the less which stimulates higher order 

thinking skills that are necessary for students to be successful on the TAKS test.   

The struggle of keeping both teachers actively involved in the course can be 

addressed through increasing communication lines between the cooperating teachers.  In 

opening the communication lines between teachers, teachers will be able to remain 

informed of the class’s upcoming lessons.   

When school districts purchase the A
2
E

2 
curriculum, they receive basic lesson 

plans, activities, and materials needed to teach the lessons for the year.  However, it is 

possible that the curriculum is not being followed throughout the year.  It is also likely 

that students are receiving a double dose of algebra class instead of gaining the necessary 

agricultural application of the lesson.  The application portions of the lessons are 

supposed to allow for students to reach higher levels of critical thinking.  This could be a 

possible variable inhibiting the increased success of the A
2
E

2 
course.   

The implementation of an accountability system within A
2
E

2 
would allow for the 

course to have a more profound affect on student achievement levels on the mathematics 
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TAKS test.  The implementation of an accountability system would ensure that students 

are receiving all the necessary elements of the A
2
E

2 
course.   

The lack of an accountability system also allows for teachers to pass the course 

back and forth between the teachers who are supposed to be team teaching the 

curriculum.  In correlation with Boone (1990), careful and accurate instruction must 

provided to teachers who are involved in this form of education.  The instruction must 

allow for teachers to learn and comprehend instructional units that will be presented.  In 

doing so, an assurance can be made that students are receiving the proper instruction.  In 

the discussions with individuals involved in the program, the researcher concludes that 

the course, in fact, is being passed back and forth between teachers without 

communicating about previous lessons and activities that took place.  This issue can be 

addressed through increasing communication between the cooperating teachers and 

actually team teaching the A
2
E

2 
course.   

An accountability system could include random visits from the principal to 

investigate the extent lessons are being taught in the classroom.  Time becomes an issue 

when the principal begins randomly visiting teachers, therefore, maybe videos could be 

made of the class to be investigated at an appropriate time.  The use of video production 

would allow for the teacher to have self-reflection upon the lessons presented to the 

students.  Another possibility a video production of the lesson provides is the ability to 

have a peer review the lesson and make constructive criticisms on how to improve the 

lesson.   

Further researcher should be conducted investigating the cultural diversity of our 

curriculum and testing.  The research shows that minorities are having a more difficult 
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experience finding success in mathematics.  The researcher believes that we should 

attempt to culturally diversify our curriculum by implementing interest approaches or 

activities that would apply to specific minorities.  This would allow for students to 

become more engaged with the material due to the direct effect the curriculum has on the 

students.   

The current measurement of student academic success needs to be investigated to 

determine if is culturally biased.  It should be investigated to determine if minorities find 

the structure or implementation of test questions on the mathematics TAKS test are 

culturally biases or offensive.  Further, investigation should be conducted towards teacher 

diversity and the approach taken to teach concepts in the curriculum.  It is a possibility 

that the method chosen by the teacher is building a barrier and a lack of interest from the 

students due to presentation of materials or the interest approach.   

The teaching approach taken towards subject matter is a possibility for increasing 

student achievement.  Conroy & Walker (2000) find that integrated curriculums help in 

the understanding of concepts because of the variety of teaching methods that are used.  

By further developing curriculums and lesson plans to incorporate various teaching 

methods and approaches, possibilities for increasing student achievement may be found.   

Research projects should be developed to investigate other forms of math 

remediation and their effect on student’s achievement regarding the mathematics TAKS 

test.  This research project investigated a single type of math remediation.  Schools using 

other forms of math remediation had similar effects on student achievement.  In 

investigating these other forms of math remediation answers could be found to expand 



Texas Tech University, Aaron Bednarz, December 2007 

49  

the A
2
E

2 
course to become significantly different and significantly effective as a form of 

math remediation.    

Adapting mathematics curriculum to become less structured and demanding of 

students to know a concept before moving forward could allow for students to maintain 

pace with high achieving students.  Students are continuously left behind as fail to grasp 

concepts necessary for their education.  Knowing that mathematics curriculums are 

necessarily structured, we as educators need to determine ways to assist students who do 

not grasp a concept.  This will allow for students to keep pace with the high demand of 

coursework.  It may be a possibility that mathematics curriculums cannot be adapted to 

become less structured.  In this case, further research needs to be conducted to further 

develop and implement transition courses such as A
2
E

2
.   

A
2
E

2
 needs to be explored to determine how it can be expanded to make a greater 

impact on student achievement.  It is the belief of the researcher that the course is 

effective when there is an opportunity to fully develop lesson plans and activities that 

allow for students to apply concepts learned in the classroom.  The exploration of A
2
E

2 

could be achieved through replicating this study and expanding it to include a qualitative 

research aspect as well as a larger population.   

The qualitative portion of the research could include interviews with the teachers 

in charge of the course, as well as observations of the class and activities.  The qualitative 

aspect could also investigate the amount of time spent preparing for the course by the 

teachers.  This qualitative aspect could allow for an interview of the students.  This would 

create the opportunity to determine what students are learning that is not measured by the 
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mathematics TAKS test.  Students could have the opportunity to voice their opinions of 

the A
2
E

2 
course and how it could be expanded.   

This research found that school size had an effect on the ability of students to 

increase their achievement scores of the mathematics TAKS test.  Further research should 

be conducted investigating the cause for small school success.  Research project could be 

conducted investigating a number of different variables that could play a role in helping 

students increase their scores.  The largest variable that could have an affect on student 

success that the researcher finds is class size.  Smaller schools typically have smaller 

classroom sizes due to the lack of students.  Smaller classrooms allow for students to gain 

more one-on-one time with teachers allowing for immediate guidance as needed.  Other 

variables that could be investigated include students’ attitudes or environment of a small 

school.   
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Dr. James H. Smith 

Aaron L. Bednarz 

 

Title: Evaluating the Effectiveness of Integrating Agricultural Science and Technology 

with Algebra I on the Results of the Texas Assessment of Knowledge and Skills 

Mathematics Test. 

 

Proposal for Research Using Human Subjects 

 

I. Rationale 

 

As a result of the No Child Left Behind Act of 2002, states are required to develop 

and implement a yearly assessment which measures a student’s progress and 

understanding of the curriculum employed by the state.  The state of Texas has 

implemented the use of the Texas Assessment of Knowledge and Skills (TAKS) for 

student assessment in mathematics, reading, and science.   

 

The TAKS test was implemented in 2003.  During the first year of testing students 

only 60% of students had met the standards.  Of the students who took the assessment 

in 2006, only 56% met the standards.  This information was found on the Texas 

Education Agency web site.   

 

Different programs are being developed and implemented which are designed to 

increase student achievement on the mathematics portion of the TAKS test.  One 

program of such interest is known as A
2
E

2
.  This program was designed in Region 8 

of Texas and geared towards a hands-on algebra lab.   

 

A
2
E

2
 is designed to assist students who are struggling in understanding concepts by 

creating the opportunity for students to apply algebra in real world situations.  The 

course creates this opportunity because it is a block scheduled class in which students 

learn algebra concepts the first part of the class and apply those concepts through 

agricultural related topics.   

 

A
2
E

2
 has been a success for region 8.  Test scores have risen from 67% passing in 

2003 to 81% passing in 2006.  Can their students’ success be a result of the 

implementation of the A
2
E

2
 program?  Since its implementation in Region 17 of 

Texas, has it improved testing scores for students enrolled? 

 

The purpose of this research project is to asses the effectiveness of the A
2
E

2
 course on 

student success on the mathematics portion of the Texas Assessment of Knowledge 

and Skills (TAKS).  In determining the effectiveness of the course we will be better 

able to understand the beneficial/unbeneficial aspects of an integrated curriculum in 

agriculture and mathematics.   

 

II. Subjects 
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In order to fully measure the effect the course has on academic achievement the 

researcher intends to compare schools offering A2E2 to schools not offering the 

course.   

 

The target population for the research project will be schools located in Region 17 of 

Texas.  The sample population will be purposefully selected for criteria reasons.  The 

sample population will consist of the 5 schools that used the A
2
E

2 
course for the 

2005-2006 school year and 5 similar schools.  Similar schools will be defined by size, 

demographics, and academic achievement on the TAKS test.  The school year has 

been determined to be 2005-2006 because it will provide the most recent data. 

 

The researcher will have no contact with any participants of the study.  The 

researcher will collect data from the school counselor and keep all students identities 

anonymous. 

 

III. Procedures 

 

In order to collect data, the researcher will obtain permission from the superintendent 

of the sample population schools.  Once permission is received the researcher will 

schedule a meeting with the school counselor to obtain the needed information.  The 

researcher will have absolutely no interaction with the participants nor will they know 

they are participating in the research project.   

 

The identity of the student will remain anonymous to the researcher at all times.  The 

counselor will be assigned a set of numbers (e.g., 1-20) which he/she will assign to a 

student.  The counselor will then provide the researcher with data for each of the 

participants.  Data collection will be conducted in this manner in order to allow for 

complete student privacy.   

 

The data the researcher is seeking to obtain from the counselor will include 

demographics, GPA, comprehensive TAKS score as well as mathematics TAKS test 

score for their 8
th
 and 9

th
 grade year.  The researcher also seeks to know if the school 

uses a form of mathematics remediation program.  The demographics can be further 

described by age, classification, gender, ethnicity, and qualification for free and 

reduced lunches. 

 

IV. Adverse events and liability 

 

Data being collected is existing data and there will be no interaction between students 

and researcher.  The data being collected is a result of students’ regular activities.  

Data will be presented in aggregate form therefore school information associated with 

school.   

 

V. Consent form 
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A consent form will be presented to the administration of participating schools.  The 

consent form will contain information pertaining to the research project such as, 

purpose for the research, school confidentiality, research method, and contact 

information for the primary investigator of the research project.  The researcher will 

obtain the consent form before any data is collected.   
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The Department of Agricultural Education & Communications 

Box 42131 

Texas Tech University 

Lubbock, TX 79409-2131 

 

Dear 

 

The Department of Agricultural Education and Communications at Texas Tech 

University is requesting your assistance in conducting an evaluation of the effectiveness 

of the A
2
E

2 
program on student achievement.   

 

A
2
E

2 
is a course that incorporates the integration of mathematics and agriculture in real 

life situations, designed for 9
th
 grade students, to help increase student achievement in 

algebra.  The primary purpose of this research project is to measure the effectiveness of 

the A
2
E

2 
course on student achievement on the TAKS test. 

 

We will be collecting information from schools who incorporate A
2
E

2 
as part of their 

curriculum and schools who do not have this program.  Information will be collected 

through the high school counselor or administrator who you identify.  Data will be kept 

strictly confidential, and data will be reported collectively with no individual’s or 

school’s data being singled out or identifiable in the dissemination of this research. 

 

Your school’s participation in this project will provide valuable information regarding the 

significance that agricultural education can make in contributing to student success on 

mathematics achievement. 

 

We look forward to discussing your school’s participation in this very important 

evaluation. 

 

Sincerely, 

 

 

Aaron L. Bednarz    Dr. James H. Smith, Committee Chair 

Research Associate    Dr. Steve Fraze, Committee Member 

      Dr. Scott Burris, Committee Member  
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SURVEY
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MATH OBJECTIVES 

Score Report Form 
 

ETHNICITY:  1=African American,  2=Asian American,  3=Hispanic,  4=Native American,  5=White,  

6=Other 

 

What type of math remediation does your school district employ?  _______________________________ 

 

What is the grade scale for your school district?  4.0  or  5.0  or  other _______ 

 

Student Information 
 

 

Grade Age Gender Ethnicity 

Free & 

Reduced 

Lunches 

GPA 
Math 

Remediation 

8
th
 

Grade 

Scale 

Score 

9
th
 

Grade 

Scale 

Score 

1   F / M  Y / N  Y / N   

2   F / M  Y / N  Y / N   

3   F / M  Y / N  Y / N   

4   F / M  Y / N  Y / N   

5   F / M  Y / N  Y / N   

6   F / M  Y / N  Y / N   

7   F / M  Y / N  Y / N   

8   F / M  Y / N  Y / N   

9   F / M  Y / N  Y / N   

10   F / M  Y / N  Y / N   

11   F / M  Y / N  Y / N   

12   F / M  Y / N  Y / N   

13   F / M  Y / N  Y / N   

14   F / M  Y / N  Y / N   

15   F / M  Y / N  Y / N   

16   F / M  Y / N  Y / N   
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PERMISSION TO COPY 

 

 

 

 In presenting this thesis in partial fulfillment of the requirements for a master’s 

degree at Texas Tech University or Texas Tech University Health Sciences Center, I 

agree that the Library and my major department shall make it freely available for research 

purposes.  Permission to copy this thesis for scholarly purposes may be granted by the 

Director of the Library or my major professor.  It is understood that any copying or 

publication of this thesis for financial gain shall not be allowed without my further 

written permission and that any user may be liable for copyright infringement. 

 

Agree  (Permission is granted.) 

 

________________________________________________         ________________ 

 Student Signature      Date 

 

 

 

Disagree  (Permission is not granted.) 

 

 

 

____Aaron Bednarz_________________________________         ___11-06-2007______ 

 Student Signature      Date 

 

 

 

 


