
 

 
 
 
 
 
 
 

ABSTRACT 

Integrated, Project-Based Learning and Knowledge Retention: A Mixed Methods Study 
Comparing High School Students in Two Geometry Courses 

 
Ashley Dyanne Canuteson, Ed.D. 

Chairperson: Sandra B. Cooper, Ph.D. 
 
 

 The developing synergy of legislation and research throughout recent history 

points to the current momentum behind college and career readiness for every student.  

Researchers have found that embedding academic content into career education improves 

student learning. Integrated learning can vary in approach and style and can be adjusted 

to fit into a multitude of environment designs.  The purpose of this study was to 

investigate and corroborate the relationship between mathematical instructional design 

and student achievement. 

 A mixed methods research design was utilized for collecting data.  Qualitative 

data was collected from an electronic survey administered to 23 students taking a 

Geometry in Construction class at a Central Texas high school followed by a semi-

structured interview with a focus group from the student sample.  Classroom observation 

data was recorded from both a traditional geometry classroom and the Geometry in 

Construction classroom in order to provide additional insight into student perspectives 

related to course design.  The convergent parallel design of the study included 

quantitative data that was collected during the same time period using pretest and posttest 



 

 
 

data sets from a traditional geometry class (control group) and the Geometry in 

Construction class (experimental group). Both data sets were brought together in an 

interpretive phase to analyze how student perceptions on learning align with student 

achievement scores. 

 Results from this study revealed students who learn in an integrated learning 

environment where academic content is taught in a real-world context using hands-on, 

project-based learning perform better on academic achievement measures than do 

students who learn in a traditional classroom setting.  While this study focused on one 

integrated learning model at one Central Texas high school, results indicated college and 

career readiness dimensions as identified by Conley (2010) are overall likely to be more 

naturally embedded in an instructional design geared toward rigorous and relevant 

knowledge application. 



 

Page bearing signatures is kept on file in the Graduate School. 

Integrated, Project-Based Learning and Knowledge Retention: A Mixed Methods Study 
Comparing High School Students in Two Geometry Courses 

 
 

by 
 

Ashley Dyanne Canuteson B.S.Ed., M.S.Ed. 
 

A Dissertation 
 

Approved by the Department of Curriculum and Instruction 
 

___________________________________ 
Larry J. Browning, Ed.D., Chairperson 

 
 

Submitted to the Graduate Faculty of  
Baylor University in Partial Fulfillment of the 

Requirements for the Degree 
of 

Doctor of Education 
 
 

Approved by the Dissertation Committee 
 

___________________________________ 
Sandra B. Cooper, Ph.D., Chairperson 

 
___________________________________ 

Brooke E. Blevins, Ph.D. 
 

___________________________________ 
Tony L. Talbert, Ed.D. 

 
___________________________________ 

Trena L. Wilkerson, Ph.D. 
 

___________________________________ 
Peter W. Grandjean, Ph.D. 

 
 

Accepted by the Graduate School 
August 2017 

 
___________________________________ 

J. Larry Lyon, Ph.D., Dean



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright © 2017 by Ashley Dyanne Canuteson 

All rights reserved



 

v 

 
 
 

TABLE OF CONTENTS 
 

 Page 
 
List of Figures viii 
List of Tables ix 
Acknowledgment x 
Dedication xii 
 
CHAPTER ONE 1 
 

Introduction 1 
 

Statement of the Problem 3 
Purpose of the Study 4 
Significance of the Study 6 
Delimitations and Limitations 7 
Methodology 8 
Philosophical and Theoretical Foundations 9 
Definition of Terms 9 
Conclusion 12 

 
CHAPTER TWO 14 
 

Literature Review 14 
 

How College and Career Readiness is Measured 15 
College and Career Readiness 16 
Career Education 18 
Assessments 20 

College and Career Readiness: An Old Goal with a New Twist 22 
Instructional Approaches that Ensure College and Career Readiness 24 

Career Pathways 25 
Rigor and Relevance 26 
Connected Learning through Integration 27 
Contextual Learning 30 

Relating 30 
Experiencing 31 
Applying 31 
Cooperating 32 
Transferring 32 

Community Partnerships 33 
Geometry in Construction: The Integrated Classroom 33 



 

vi 

CHAPTER THREE 36 
 

Methodology 36 
 

Research Questions 36 
Research Design 37 

Research Site Overview 40 
Participants and Sampling 42 

Qualitative phase 43 
Quantitative phase 45 

Qualitative Data Collection and Analysis 47 
Procedure 48 
Analysis 49 
Validation strategies 50 

Quantitative Data College and Analysis 51 
Procedure 51 
Analysis 53 
Reliability and validity 53 

Mixed Method Data Interpretation 54 
 
CHAPTER FOUR  56 
 

Results   56 
 

Qualitative Phase 57 
Classroom Observations 57 
Participant Sampling 60 
Focus Group 61 
Predetermined and Emerging Themes and Subthemes 62 

Key cognitive strategies 63 
Key content knowledge 66 
Attitudes about learning 69 

Quantitative Phase 74 
Interpretation Phase 80 
Summary 90 
 

CHAPTER FIVE 92 
 

Discussion  92 
 

Research Design 92 
Summary of Findings 94 

Research Questions 94 
Qualitative phase 94 
Quantitative phase 96 
Interpretation phase 98 



 

vii 

Limitations 99 
Researcher Bias 99 
Ethics 100 
Assessment Tool 101 
Generalizability 101 
Sample Size 102 

Implications 102 
Future Research 105 
Conclusion 106 

 
APPENDICES  108 
 

Appendix A  109 
Appendix B  111 
Appendix C  114 
Appendix D  116 
Appendix E  123 
Appendix F  126 

 
REFERENCES  128 

 

  



 

viii 

 
 
 

LIST OF FIGURES 

Figure Page 

1. Mixed method convergent parallel design 38 

2. Venn diagram of qualitative themes 73 

3. Comparison of student perceptions (N = 21) on knowledge retention and 
achievement scores 87 

4. Comparison of student perceptions (N = 21) on college and career readiness and   
achievement scores 88 

5. Comparison of student perceptions (N = 21) on attitudes about learning and          
achievement scores 89 

A.1 Diagram for convergent parallel case study research design 110 

 

 

 

 

 

  



 

ix 

 
 
 

LIST OF TABLES 

Table Page 

1. Themes Used to Analyze Survey and Interview Data 49 

2. Survey Results of Experimental Group Perspectives and Academic/                 
Personal Data 61 

3. Focus Group Participants 62 

4. Pretest Group Statistics 76 

5. Pretest Independent Samples t-test Statistics 76 

6. Posttest Group Statistics 77 

7. Posttest Independent Samples t-test Statistics 77 

8. Control Group Paired Samples Statistics 78 

9. Experimental Group Paired Samples Statistics 78 

10. Paired Samples t-test for Non-independent Samples Statistics 78 

11. Joint Display Arraying Qualitative Themes with Quantitative Posttest Results 83 

 

 

 

 

 

 

  



 

x 

 
 
 

ACKNOWLEDGMENTS 
 
 

“I will instruct you and teach you in the way you should go; 
I will counsel you with my eye upon you.”  Psalm 32:8 

 
 I wish to acknowledge the great teachers and leaders who have guided me and 

influenced me throughout my journey.  Sharron McKethan Zachry took a chance when 

she hired me for my first teaching job.  Her faith in me gave me the courage to go back to 

school and pursue my Master of Education degree and principal certification.  She lived a 

life full of joy and had a passion for kids that is unparalleled. 

 Dr. Chris Allen helped me grow more as an educator than I could ever think 

possible.  He saw in me potential that I never recognized in myself.  Through his 

friendship, leadership, encouragement, and Christian example, I became a better person 

both personally and professionally.  I will never forget the gift of the apple and the 

responsibility I have to pay it forward when my time comes. 

 To the great influences in my doctoral journey: Dr. Sandi Cooper, Dr. Tony 

Talbert, Dr. Brooke Blevins, Dr. Betty Conaway, Dr. Gretchen Schwartz, Dr. Laine 

Scales, and Dr. Trena Wilkerson.  I am so grateful for Baylor University and its place in 

my heart.  Thank you for your continued faith in me, your patience with me, and your 

support behind me.  I will fling my Green and Gold afar! 

“And let us not grow weary of doing good, for in due season we will reap, 
if we do not give up.”  Galatians 6:9 

 
 To all of my friends and colleagues who have cheered me on, I could not have 

done this without your encouragement.  You never let me give up!  Thanks for always 



 

xi 

asking about my progress and nudging me along.  I heard this journey might be a lonely 

one; however, I never once felt like you deserted me.  I would argue it brought us closer 

together, and for that I am grateful. 

“Train up a child in the way he should go; even when he is old 
he will not depart from it.”  Proverbs 22:6 

 
 To my parents – all of them!  They have loved me through the good times, the bad 

times, and the downright ugly times.  They always made sure I knew I was going to 

college and that nothing would stand in my way.  Little did I know then how that mindset 

would motivate me to complete this 13-year postsecondary educational journey!  Thank 

you for being my inspiration and for pushing me to be better today than I was yesterday.  

I will continue to work to make you all proud. 

“Love is patient, love is kind.  Love never gives up, never loses faith, is always hopeful, 
and endures through every circumstance.”  1 Corinthians 13:4, 7 

  
Finally, I thank my husband, Wade, and my two beautiful children, Zane and 

Zoey, for their unending love, patience, and support.  Without their sacrifice of time, 

attention, and tending to the day-to-day responsibilities, my journey would not have been 

possible.  I love you to heaven and back; and I hope I have been an example to you of 

hard work, perseverance, and dedication.  I am proud to celebrate this accomplishment 

with the ones I love the most, and I am passionate about doing life with you again! 

“For nothing will be impossible with God.”  Luke 1:37 

 

 

 

 



 

xii 

 
 
 

DEDICATION 

 

 

To Wade, Zane, and Zoey 

I love you more 

“Education is not preparation for life; education is life itself.”  John Dewey 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

1 

 
 
 

CHAPTER ONE 

Introduction 

 
Research suggests embedding academic subjects into career education improves 

student learning (Green & Joseph, 2011).  Stone, Alfeld, Pearson, Lewis, and Jensen 

(2006) concluded “students who learned math through career and technical education 

(CTE) courses performed better than their peers who did not learn math through 

integrated curricular content” (as cited in Green & Joseph, 2011, p. 141).  This integrated 

approach to instruction may be one solution to address national concerns regarding 

student college and career readiness as indicated by results on assessments such as the 

National Assessment of Educational Progress (NAEP) and by considering remedial 

course enrollment at the postsecondary level.  Two statistics supporting this concern are 

highlighted in a separate study completed by Stone, Alfeld, and Pearson (2008).  At the 

time of the study, NAEP results showed “37% of 12th grade students performed at a 

below basic level on the math portion of the test” (Stone et al., 2008, p. 767).  

Additionally, Parsad and Lewis (2003) stated 22% of students entering postsecondary 

institutions (35% at two-year institutions) require remedial education in math. 

Throughout history, legislation has morphed and transformed to encompass the 

changing needs of the national economy at any given point in time.  Today, the accepted 

meaning of college and career readiness is quite different from the educational goals and 

definitions of the past.  The intent of college and career readiness in public education 

today is to prepare every student for postsecondary success whether they enter the job 
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market immediately after graduation or they pursue a college degree or certification first.  

The challenge for high schools is to find and implement strategies that work in getting 

students ready for college and career success while also trying to address the needs 

relating to larger class sizes, attendance and dropout issues, time on task in the school 

day, and state accountability standards.  Though research can be found regarding what 

college and career readiness is and why it is important for students today, gaps are 

present in the literature about best practices in educational approaches to helping students 

meet this readiness goal. 

In College and Career Ready, Conley (2010) emphasizes students should develop 

a core set of soft skills and academic skills that will provide them opportunities for 

success in a variety of college and career settings.  High school leaders are challenged 

with finding ways to ensure students meet this goal.  Though this challenge is a global 

one, individual states can develop their own plans to address postsecondary readiness.  In 

Texas, for example, the Texas Higher Education Coordinating Board (2017) has 

developed the 60x30TX Strategic Plan to help Texas students achieve success in their 

pursuit of higher education.  The overarching goal of the plan states “by 2030, at least 60 

percent of Texans ages 25-34 will have a certificate or degree” (p. v).  Subgoals of the 

plan are related to degree completion, marketable skill attainment, and low student debt. 

The development of the Texas College and Career Readiness Standards was an 

effort by the 79th Texas Legislature to help more students prepare for successful 

transition into postsecondary education (Texas Higher Education Coordinating Board & 

Texas Education Agency, 2009).  Use of the standards is incorporated into curricular 
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content as an additional overlay to be used with the state standards, the Texas Essential 

Knowledge and Skills, also developed by the Texas Education Agency (2017). 

Reauthorization of the Carl D. Perkins Career and Technical Education Act in 

2006, the federal grant which helps fund career and technical education programs across 

the nation, encourages the integration of learning across academic disciplines and into 

elective courses.  Content in the elective courses should reinforce academic content and 

should work to educate the whole child (Hoachlander, 2008; Landsman & Gorski, 2007).  

Lombardi, Seburn, and Conley (2011) support the need to include highly engaging 

classrooms that offer studies in areas that interest students in real-life experiences so as to 

bring relevance to their learning, which is the main goal of elective coursework.  Oakes 

and Saunders (2007) believe “high schools should blur the distinction between college 

preparation and workforce preparation so as to prepare all students for both college and 

career” (as cited in Green & Joseph, 2011, p. 136).  Work has been done to develop 

integrated standards-based instructional design (Drake, 2007; Drake & Burns, 2004) but 

literature is lacking in regards to investigating integrated learning environments as they 

relate to knowledge retention and college and career readiness. 

 
Statement of the Problem 

 To carry out the purpose of this study, research questions were designed to 

investigate the aforementioned educational issues in a couple of ways.  First, the 

perspectives students have about instructional design and how learning environments 

contribute to interest levels and postsecondary preparation were considered.  When 

students are interested in what they are learning and can apply that learning in a real-

world context, they have a better chance of being successful in both the short term and 
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long term application of that knowledge (Conley, 2010; Drake & Burns, 2004; National 

Research Council, 2000).  Because of this, student interest was one of the variables of the 

current study. 

 Second, findings about the impact of an integrated learning environment on 

student achievement will be of interest to education practitioners; especially as it relates 

to preparing students for postsecondary success.  Because this researcher looked 

particularly at student success in high school Geometry– a subject tested on college 

entrance exams and national assessments such as SAT and ACT–educators at both the K-

12 and college levels will benefit from knowing the impact the integrated learning 

environment has on college readiness as it relates to mathematics achievement. 

 Last, this study serves as a suitable example of mixed methods research in 

education (Gay, Mills & Airasian, 2009; Creswell & Plano Clark, 2011).  The idea of 

combining qualitative and quantitative approaches into the current study attempts to 

minimize the weaknesses inherent in each approach alone (Creswell & Plano Clark, 

2011).  Therefore, qualitative data was collected concurrently with quantitative data, and 

the findings were combined to answer the guiding research questions. 

 
Purpose of the Study 

The purpose of this mixed methods study was to investigate and corroborate the 

relationship between mathematical instructional design and student achievement.  The 

convergent parallel design in this case study consisted of two simultaneous phases.  In the 

qualitative phase, data were collected regarding student perceptions on classroom 

instructional environments, approaches to learning, and subject interest.  The sample 

consisted of 10th and 11th grade students who were part of the Geometry in Construction 
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course, a course that blends mathematical content with construction design principles.  

This phase identified student perceptions as they related to the impact of instructional 

design on student interest in learning and on postsecondary readiness.  The quantitative 

phase consisted of pretest and posttest data taken from participants in a traditional 

classroom and an integrated classroom, both of which are defined at the end of this 

chapter.  The findings of both phases combined provided a more comprehensive view of 

the results. 

In order to examine the stated purpose, the following research question guided the 

study: What is the impact of instructional design on student interest and achievement? To 

address this question, sub-questions for each research phase were developed.  One 

question guided the qualitative phase: 

 What are student perceptions regarding the effectiveness of instructional 

delivery models as they relate to learning, knowledge retention, attitudes 

about learning, and college and career readiness? 

One question guided the quantitative phase: 

 What is the relationship between instructional design and student achievement 

for high school Geometry students? 

The quantitative research question translated into the following directional hypothesis: 

 Geometry students who are instructed in an integrated, project-based learning 

environment achieve at a higher level on posttests than students who receive 

instruction in a traditional learning environment. 

One question integrated the two research strands: 
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 To what extent do student achievement scores agree with student perceptions 

regarding how an integrated, project-based learning environment impacts 

knowledge retention, attitudes about learning, and college and career 

readiness? 

 
Significance of the Study 

This study has the potential to add to the research related to the ways integrated 

instructional learning environments can prepare students for college and career success.  

As a focus of this study, personal perceptions and achievement scores were examined of 

high school students while taking Geometry (a required math course) either in the 

traditional instructional setting or in an integrated learning environment partnered with 

Construction Technology (an elective course in Career and Technical Education).  

Through this contribution to research, state policymakers, school district administrators, 

teachers, students, and leaders at institutions of higher learning will have a better 

understanding of how college and career preparation can be incorporated into the high 

school instructional environment through an integrated design that complements the 

efforts and accountability measures already placed on public schools.  Much of this 

success relies on students’ abilities to retain knowledge at a level that leads to success on 

college entrance exams or contributes to career skill sets. 

Theoretical generalizations may be possible with the findings of this research and 

could lead to additional research opportunities to look at other integrated instructional 

designs, varying approaches to preparing students for college and career, and additional 

measurements of knowledge retention and college and career readiness. 
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Delimitations and Limitations 

Delimitations of this study include: 

1. The case study included only those students enrolled in the two geometry 

courses–traditional geometry and Geometry in Construction–at a central 

Texas high school during the 2014-2015 school year. 

2. The case study provided only the student perspectives as they relate to the 

preparation received in the integrated geometry classrooms at this high school.  

Perspectives of other constituents such as students in the traditional learning 

environment, teachers, administrators, and community partners were not 

included. 

Limitations of this study include: 

1. Students enrolled in the Geometry in Construction class were self-selected 

during academic advisement in the spring prior to the school year and may not 

be representative of the overall population.   

2. Due to the interpretive nature of the qualitative research, bias may have been 

introduced by the researcher during analysis of the data.  The researcher held 

the district-level position of Career & Technical Education Coordinator in the 

same district as the case study being researched but had no influence on 

student grades. 

3. Time to complete the qualitative and quantitative data collection measures 

needed to minimize instructional disruption while honoring students’ personal 

time at school.  Disruption to instruction could impact learning; disruption to 

students’ personal time could lead to poorly developed responses. 
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4. As a single researcher, collecting and analyzing both data sets independently 

of one another could be considered challenging.  Interpretation of one data set 

could create bias during the interpretation of the second data set. 

 
Methodology 

The researcher used a convergent parallel design in this case study with 

qualitative and quantitative data being collected and analyzed separately (Creswell & 

Plano Clark, 2011).  Both data sets were brought together for comparison and 

interpretation.  Survey and focus group interview data was collected along with 

classroom observation data in order to explore student perceptions regarding how 

instructional models impact the level in which they acquire and retain new knowledge.  

Quantitative data in the form of Renaissance Learning STAR Math™ pretest and posttest 

scores was collected to test the hypothesis that an integrated learning environment will 

positively impact academic math achievement for students at a high school in Central 

Texas taking Geometry in Construction when compared to students in a traditional 

geometry classroom environment.  A copy of the pretest/posttest is in Appendix A. 

In alignment with Bryman’s (2006) reasons for mixing research methods as stated 

in Creswell and Plano Clark (2011), both data sets combine to provide a more complete 

understanding of the impact integrated, project-based learning has on student 

achievement, bringing greater validity to the findings.  The qualitative and quantitative 

strands function independently of each other, have equal priority, and were completed 

concurrently during the time boundary of the case study.  The strands came together for 

comparison and interpretation once each strand was analyzed separately thus supporting 

the convergent parallel design for this study. 
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Philosophical and Theoretical Foundations 

Creswell and Plano Clark (2011) highlight four levels of development that 

influence the design of a research study which are based on Crotty’s (1998) classification 

system.  These four levels—worldview, theoretical lens, methodological approach, and 

methods of data collection—require the development of a framework within which to 

approach research so that design selection is intentional and relevant to the research 

questions.  In this study, the researcher focused on how instructional designs work to 

prepare students for subsequent success in education and postsecondary career goals; 

therefore, real-world practices were analyzed.  These elements support a pragmatic 

paradigm that values varied data sets working together to help answer research questions. 

The theoretical foundation of a research study provides direction for the project 

phases and builds a framework within which research can take place (Creswell & Plano 

Clark, 2011).  This study was defined using a social science theory to assess the 

relationship between instructional delivery design, student knowledge retention, and 

preparation for postsecondary success.  Using a convergent parallel case study design, 

multiple methods of data collection reflected the nature of integrated, project-based 

instructional design and its effect on knowledge acquisition and retention, an approach 

that brings greater validity to the findings than a qualitative or quantitative study alone. 

 
Definition of Terms 

In order to understand the terminology used by the researcher more clearly 

throughout this study, key terms have been described and contextualized. 
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Geometry in Construction − Developed by two teachers from Colorado in 2006, 

this high school course is team taught by a certified mathematics teacher and a certified 

construction teacher.  The course is taught daily in a two-period block format and 

engages students in hands-on learning connected to real world experiences.  Students 

work in small groups to apply geometry concepts to building projects.  Problem solving, 

critical thinking, collaboration, creativity, and communication are all emphasized 

(Geometry in Construction, 2010; Meeder Consulting, LLC, 2008). 

Content Knowledge − Described by Conley (2010) as one dimension of college 

and career readiness, content knowledge represents the framework necessary for applying 

key cognitive strategies in learning.  Mastering content knowledge is achieved when 

information is processed in such a way that its structure is understood in such a way that 

it can be used in application successfully.  Conley references the importance of 

mathematical skills related to college success and states college-ready students “have the 

ability to apply conceptual understandings in order to extract a problem from a context, 

use mathematics to solve the problem, and then interpret the solution back into the 

context” (p. 37). 

Traditional Classroom − A traditional classroom, in the context of this study, is 

teacher-driven and gives little opportunity for student interaction.  The lessons and 

content are designed as whole-group instruction in a lecture format with a portion of the 

class time designated to problem practice.  Students work independently or in the whole-

group format the majority of the time with very little opportunity to complete projects or 

work with peers. 
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Integrated Curriculum − Drake and Burns (2004) outline the historical 

development of the term integrated curriculum from its description as a project approach 

in the 1920s to a problem-centered approach in the 1940s and 1950s to the multifaceted 

way one views it today.  They define three approaches to integrating curriculum further 

explained below: multidisciplinary integration, interdisciplinary integration, and 

transdisciplinary integration. 

 Multidisciplinary integration.  This approach focuses primarily on the disciplines 

and the organization of the various disciplinary standards around a central theme.  

Thematic development allows educators to parallel disciplines while allowing students to 

make the connections across the disciplines themselves. 

 Interdisciplinary integration.  In this approach, teachers organize the curriculum 

standards around common learnings across the disciplines in order to emphasize skills 

and concepts that go beyond the immediate lesson.  The individual disciplines are 

identifiable; however, the curriculum design focuses more on themes, concepts, and 

interdisciplinary skill development. 

 Transdisciplinary integration.  This approach is very student driven in that 

curriculum is organized around student concerns and questions.  Project-based learning is 

a component of this approach where thematic studies are developed around student 

questions and social issues. 

 In this study, the Geometry in Construction course design is described as an 

integrated classroom that focuses on making connections for students while allowing 

them to engage in relevant, meaningful, real-world activities.  Unifying concepts are 
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emphasized and connected to different areas of study.  The approach of the experimental 

classroom in this study is one of interdisciplinary integration. 

Problem-Based Learning − This type of learning is, described by Larmer (2015), 

a student-centered, problem-solving approach to learning where students research and use 

a variety of skills to develop a solution to a defined problem.  Often students will work in 

pairs or groups to investigate case studies or fictitious scenarios. 

Project-Based Learning − Larmer (2015) describes this approach to instruction as 

allows students to investigate a problem or challenge in a real-world context.  It includes 

the creation of a product and involves multiple subject areas.  Problem-based learning is 

often a subset of project-based learning.  In this study, the Geometry in Construction 

classroom is a project-based learning environment that also uses problem-based learning 

approaches to expose students to authentic application of learning. 

 
Conclusion 

Integrated learning can vary in approach and style and can be adjusted to fit into a 

multitude of environment designs.  At the secondary level where practitioners are 

typically subject area specialists, ensuring the accurate delivery of content is paramount.  

Geometry in Construction provides the supreme learning environment; students are 

instructed by a mathematics teacher and a construction teacher in a common context.  

The current researcher looked at the impact of that environment on student achievement 

and considered how students themselves perceive their potential for success. 

In the following chapters, the researcher will review literature available on the 

topics of integrated learning and postsecondary readiness (Chapter Two), describe the 
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research methodology (Chapter Three), present the results of the study (Chapter Four), 

and discuss the findings of the study (Chapter Five). 
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CHAPTER TWO 

Literature Review 

 
The nation’s focus on college and career readiness helps create a need for learning 

that prepares students for real-world experiences which will benefit them after high 

school.  According to Despres (1994) on alternative learning styles, lifelong learning 

cannot be born from traditional teaching approaches that drive students to boredom.  He 

positions that today’s changing workplace demands a different kind of education.  

Getting students ready for college and career while in secondary education helps establish 

a solid foundation on which experiences can be built that will help students attain 

individualized postsecondary goals, whether college, career, or both. 

Since the mid-1600s, high schools have worked to prepare students for success in 

basic academic skills (Vollmer, 2011).  Vocational education was introduced into the 

curriculum in the early 1900s.  Around the same time, John Dewey shared his vision of a 

progressive movement that would develop intelligence, socially useful skills, and healthy 

individual growth through experiential education allowing students to interact with 

curriculum and take part in their own learning (Posner, 2003).  Though conservative 

societal perspectives in the early 20th century put Dewey ahead of his time regarding the 

progressive impact of this type of educational reform, measures being taken in education 

today indicate a growing acknowledgement that success is defined as preparing all 

students for college and career. 
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Theoretical research and experimental studies have looked at the impact of 

integrated learning—also referenced in some literature as interdisciplinary, 

multidisciplinary, or transdisciplinary learning—on student preparation for postsecondary 

success (Beane, 1997; Drake, 2007; Drake & Burns, 2004).  Through open-ended 

searches in the Education Resource Information Center (ERIC), academic writings 

identified examples of studies conducted in integrated learning environments where core 

content, workplace skills, and postsecondary preparation unite to provide authentic and 

relevant learning experiences for students.  Additional research into practitioner 

magazines, journals, and publications from organizations such as the Association for 

Supervision and Curriculum Development (ASCD) yielded a variety of topics related to 

standards-based integrated learning, multidisciplinary learning, college and career 

readiness, rigor and relevance, transfer learning, project-based learning, the history of 

vocational education in America, and career education.  The combined sources work to 

expose both the historical context and the shifting paradigm of successfully educating 

students in America today. 

 
How College and Career Readiness is Measured 

In order to define instruments used for measuring college and career readiness, it 

is important to establish working definitions of the term along with those of career 

education and college placement assessment tools.  Current trends in measuring college 

and career readiness are recognized and give insight as to the state of the nation today. 
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College and Career Readiness 

Conley (2010) argues that no matter what choice a student makes after high 

school, all students should have the ability to pursue and succeed in a postsecondary 

program of study.  This ability will provide them with the necessary skills that will help 

them in lifelong learning efforts regardless if those are in a learning institution or the 

workforce.  One of the challenges educators have faced in recent years is finding a 

common definition for college and career readiness, or postsecondary readiness.  Looking 

at the term in its subparts, Conley describes career readiness as students having the ability 

to qualify for and be successful in workplace positions beyond those at the entry level.  

College readiness describes the student that is most prepared to continue learning beyond 

high school.  Conley puts both perspectives together and develops a complex yet 

thorough definition of college and career readiness as: 

The level of preparation a student needs in order to enroll and succeed – without 
remediation – in a credit-bearing course at a postsecondary institution that offers a 
baccalaureate degree or transfer to a baccalaureate degree program, or in a high-
quality certificate program that enables students to enter a career pathway with 
potential future advancement.  (p. 21) 
 

Additionally, Conley describes four dimensions of college and career readiness that can 

be used to further define the term: key cognitive strategies, key content knowledge, 

academic behaviors (self-management), and contextual skills and awareness (college 

knowledge).  The first requires students to formulate problems, interpret conflicting 

evidence, communicate conclusions and findings, and do all of this with accuracy.  

Student behavior within this context should be intentional and strategic so as to apply 

knowledge in a variety of situations (Conley, 2010). 



 

17 

 The second dimension, key content knowledge, works in conjunction with the 

first dimension by providing a context within which to use the strategies.  Many times, 

students are considered successful when they are able to retain and repeat factual 

information.  They often resist anything that demands more cognitive thinking; however, 

Conley (2010) states repeatedly that student capabilities are only seen when students are 

stretched beyond their comfort zones regularly. 

 Academic behaviors which develop self-awareness, self-monitoring, and self-

control skills, make up Conley’s (2010) third dimension of college and career readiness.  

Also included are study skills that require mastery for success in college; therefore, they 

are to be developed over time and reinforced in all courses throughout high school in 

order to become habitual.  Students should be able to advocate for their own learning by 

asking for help when needed, managing their time independently, and knowing their own 

strengths and weaknesses. 

 The final dimension has to do with the college knowledge high school students 

possess.  This is loosely defined as knowing how a college operates as a system with 

norms, values, and interactions (Conley, 2010).  Students can acquire this knowledge by 

learning how to apply to college, being aware of deadlines for financial aid, and taking 

advantage of opportunities for earning college credit while in high school. 

 To succeed within these four dimensions, students must be exposed to an 

appropriate learning environment that is conducive to this kind of personal growth.  

Teachers have to realize and plan for educating diverse learners in a variety of ways 

including teaching literacy skills across the content areas, using assessment data to 

impact teaching and learning, teaching in specialized teaching environments, and 
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conveying content knowledge to students in a way they understand (Miller, 2009).  This 

requires teachers to have multiple kinds of knowledge and skills.  No longer is it 

appropriate for teachers to be specialists in their field only.  Conley’s (2010) overarching 

suggestion is for high schools to measure student readiness by using his definition of 

college and career readiness to shape practices and student behaviors. 

 
Career Education 

“The study of occupations engages students in academic knowledge as well as 

connecting them with life outside the school” (Green & Joseph, 2011, p. 125).  Career 

education is more than just studying occupations in secondary schools; it provides a 

context within which students can experience the practical side of learning.  John Dewey 

was a proponent of learning through occupations in the sense that he valued the personal 

development of students in becoming “prepared, but not trained, for meaningful work” 

(as cited in Green & Joseph, 2011, p. 127).  Proponents of career education see this type 

of learning as a motivator for students giving them a reason to want to attend school.  

Dewey’s view did not track students into career paths; rather, it allowed all students a 

chance to learn skills that would benefit them in their community.  “Oakes & Saunders 

(2007) believe high schools should blur the distinction between college preparation and 

workforce preparation so as to prepare all students for both college and career” (as cited 

in Green & Joseph, 2011, p. 136).  Strategies to incorporate this type of career education 

include having students complete career inventories, research into the world of work, 

exploration of career fields through content projects, and forming partnerships with 

business and industry members (Ali, Yang, Button, & McCoy, 2012; Green & Joseph, 

2011). 
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In current schools with fully engaged career education models, the most effective 

structure has academic and technical education teachers working together to integrate 

course material and work-based learning opportunities.  Additionally, college-prep 

courses are taught alongside technical education courses.  These schools also have 

relationships with community mentors and employers who supervise internship 

opportunities for students.  For schools that are formatted as comprehensive high schools, 

career pathways can provide a more casual approach to career education by sequencing 

courses in such a way that students can explore courses that are clustered around their 

career interests (Green & Joseph, 2011). 

Whether a fully engaged career education program or a comprehensive high 

school, teachers work to make learning relevant for students to keep engagement high.  In 

order to do that, they must stay informed of the world of work and must work 

collaboratively to make connections between occupations and academic content.  This 

requires a willingness to interact often with colleagues from other academic areas as well 

as with community members to keep materials and strategies appropriately connected to 

the educational goal (Green & Joseph, 2011).  As an example, a geometry class using the 

career education approach to learning would use practical problem-solving techniques to 

challenge students in figuring out how to use learned “concepts and skills needed to build 

roofs and frame walls that can withstand gale force winds (Hoachlander, 2008, p. 24). 

Limitations to this learning approach include lack of time for collaboration, 

academic departments feeling threatened by certain demands bestowed upon federally 

mandated departments such as Career and Technical Education, professional 

development needs, and programmatic structuring difficulties.  The challenge for 



 

20 

educators who wish to overcome these barriers is educating their peers on the value of 

thinking differently about preparing students for future success.  Advocates for learning 

through real-world context can help drive change at the local level while also making an 

impact more globally. 

 
Assessments 

To be deemed ready to pursue any postsecondary training leading to a degree or 

certification, students should be able to pass college entrance exams such as the Texas 

Success Initiative (TSI) assessment indicating no need for remediation coursework.  

Additional assessment programs designed to help students increase their college 

readiness include EXPLORE® and PLAN®, both part of ACT’s Educational Planning 

and Assessment System (ACT, Inc., 2017).  These two assessment programs are intended 

as benchmark tools that can be used to diagnose specific areas where learning can be 

enhanced in the overall effort to achieve college readiness.  Likewise, the 

PSAT/NMSQT® is a national assessment that measures reading, mathematics, and 

writing skills that are important for success in college (College Board, 2017a).  Another 

measure of academic behaviors linked to college and career readiness dimensions defined 

by Conley (2010) is the Motivated Strategies for Learning Questionnaire (MLSQ) which 

specifically targets behaviors such as meta-cognition, effort management, time and study 

environment, and test anxiety (Pintrich, Smith, Garcia, & McKeachie, 1991). 

The MLSQ was designed to measure the motivation and self-regulated learning of 

college graduates; however, the MLSQ’s effectiveness in measuring the behavioral 

academic traits of students and how those traits may change, depending on the nature of 

the specific courses they take, may make it a useful assessment in providing another 
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perspective of the college readiness paradigm in regards to high school students (Duncan 

& McKeachie, 2005).  Teachers can use the results of this student self-assessment tool to 

identify areas of need related to study skills, which aligns with Conley’s (2010) third 

dimension of college and career readiness.  “Potentially, increased awareness of 

academic behaviors associated with college and career readiness may help students feel 

more engaged with their schoolwork” (Lombardi et al., 2011, p. 377). 

Replacing the ACCUPLACER® in August 2013 and acting as a determinant for 

college placement and remediation needs, the TSI assessment is a computer-adaptive 

diagnostic tool that assesses academic skills in reading, writing, mathematics, and 

computer skills (College Board, 2013).  High schools, community colleges, technical 

schools, and four-year colleges all over the United States use TSI assessment results to 

place students in postsecondary coursework appropriately (College Board, 2013).  At the 

high school level, the placement exam is administered to students interested in taking 

courses for dual credit – courses agreed upon by both an institution of higher education 

and a high school partner that provide students high school credit and college credit on 

their respective transcripts.  Due to the fact that students must have applied and been 

accepted into an institution of higher learning in order to be assigned a TSI assessment 

test-taker code, this assessment is not conducive to being used as a diagnostic tool for 

college and career readiness with large student populations unless schools contract with a 

partner college to provide this opportunity. 

Assessment programs such as the ACT EXPLORE®, the ACT PLAN®, and the 

PSAT/NMSQT® not only assess students on college readiness indicator skills, they 

provide personalized feedback on test performance so that students and teachers can 
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begin to address areas of need while in high school (College Board, 2017a).  The ACT 

EXPLORE® is offered to eighth and ninth grade students, the ACT PLAN® is offered to 

10th grade students, and the PSAT/NMSQT® is offered to 10th and 11th grade students 

nationwide (ACT, Inc., 2017; College Board, 2017a).  All three assessments test students 

on skills that are recognized as college readiness skills as well as on academic content 

knowledge, both of which are recognized in Conley’s (2010) college and career readiness 

dimensions.  ACT, Inc. (2017) developed College Readiness Standards in order to better 

link what students have learned and should have learned in high school to what they are 

ready to learn in postsecondary education.  Based on the scores students earn on the ACT 

PLAN®, the College Readiness Standards can guide teachers with ideas for progress 

toward achieving college readiness (ACT, Inc., 2017). 

 
College and Career Readiness: An Old Goal with a New Twist 

At times, society supported the academic and vocational training of all students 

through the nation’s education system.  Conversely, history exposes decades where 

students were tracked from an early age toward either academic preparation or vocational 

training, but not both.  Often times, the students who were moved in the direction of 

vocational training were students deemed unable to learn the required academic content 

to be successful in college or white-collar business.  The modern definition of college and 

career readiness works to encompass all students in the educational system, a paradigm 

shift slightly evolved from historical academic and vocational training. 

In the late 19th century, vocationalism gained momentum by proving that every 

subject is justified by occupational utility (Kliebard, 1999).  The National Association of 

Manufacturers (NAM), the American Federation of Labor (AFL), and the National 
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Society for the Promotion of Industrial Education (NSPIE) were big influencers on the 

birth of manual training in the United States though opponents such as William Torrey 

Harris and W.E.B. DuBois helped craft the perspective that manual training was best 

suited for delinquent or remedial members of society.  Student dropout rates were on the 

rise in the early 20th century and federal legislation emphasized the need to provide 

monetary support for the vocational training of students as a way to address the country’s 

needs.  Through such bills as the Smith-Hughes Act of 1917 and the George-Deen Act of 

1936, secondary and postsecondary training was supported in the areas of occupations 

and education (University of North Texas, 2017). 

In 1978, The Vocational Education Act of 1976 was amended to aim at 

improvement of student achievement in reading, mathematics, and written and oral 

communication which was a modern attempt to bring vocational and academic education 

together in schools.  Despite this attempt at a union, many schools defined their curricular 

offerings as almost exclusive on academic preparation or heavy on vocational 

preparation, but not many offered a balance between the two (Oakes & Guiton, 1995).  In 

fact, many schools felt constraints by state requirements that emphasized academic rigor 

and left little room for elective courses overall. 

The development of and amendments (1990, 1998, 2006) to the Carl D. Perkins 

Act (2006) brought more accountability in the academic realm for students in vocational 

—now termed career and technical education— programs (University of North Texas, 

2017).  This legislation redefined the student populations being taught skills that would 

aid them in postsecondary goals to include all students, not just students who were on a 

specific pathway. 
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John Dewey’s desire to provide students with experiential learning opportunities 

during the school day paved the way for the very learning environments that the Carl D. 

Perkins Act of 2006 supports (Chavanu & Christenbury, 2000).  At one time, the 

academic model ruled education in America.  The post-Sputnik educational system 

focused on academics to produce college-ready students that could compete in the global 

science and math arena.  This focus left elective coursework in a less favorable light; 

therefore, elective courses had to redefine their position to support academic learning in 

order to maintain a place in the educational system (Chavanu & Christenbury, 2000).  

The developing synergy of legislation and research throughout recent history points to the 

current momentum behind college and career readiness.  Many states now include college 

and career readiness in their education plans and accountability measures. 

 
Instructional Approaches that Ensure College and Career Readiness 

Much debate has taken place regarding the best methods to use in educating 

children, and the distinction between academic development and whole-child 

development surfaces pendulously throughout history.  The likes of Jean Piaget, Thomas 

Jefferson, John Dewey, Maria Montessori, and Nel Noddings support educational goals 

that attempt to develop the whole child, yet accountability and standards historically 

target academic achievement measures.  Armstrong (2006) defines the approach to the 

human development of children as including a tradition of humanism, a past-present-

future orientation, assessments of natural observation and documentation, grassroots 

ideas rather than top-down mandates, valued processes over products, learning how to 

live as a whole human being, igniting a passion for learning, a focus on experience, and 

emphasizing the connections between life skills, the arts, vocational education, the 
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humanities, and the sciences.  The approach to college and career readiness for all 

students embraces these philosophies as the foundational preparation students need in 

order to achieve postsecondary success.  At the high school level, educational practice 

should provide preparation for living independently in the real world, taking on 

additional responsibilities, career preparation and development, creating portfolios and 

achieving certifications, success on college entrance exams, and apprenticeship or 

internship opportunities (Armstrong, 2006). 

 
Career Pathways 

One approach to ensure college and career readiness is to design the educational 

environment into career pathways.  Hull (2005) defined a career pathway as a “coherent, 

articulated sequence of rigorous academic and career/technical courses, commencing in 

the ninth grade and leading to an associate degree, baccalaureate degree and beyond, an 

industry-recognized certificate, and/or licensure” (p. 15).  Pathways are developed and 

maintained by secondary institutions, postsecondary institutions, and business and 

community partners to ensure the appropriate connections between learning and 

relevance are made.  This learning model provides a context within which students learn 

academics, it allows for interdisciplinary problem-solving and critical thinking, and it 

provides motivation for students to stay in school because learning is relevant to their 

career interests and goals (Hull, 2005). 

Connecting learning across subject area lines and into real-world scenarios allows 

students to see the relationship between what they are learning and how they can use it in 

the present and in the future.  All knowledge is embedded in other knowledge; therefore, 

providing a means to allow subjects to overlap and integrate provides a better, more 



 

26 

connected understanding (Bond & Navarra, 2012).  Career academies provide an 

educational environment that is conducive to this type of learning. 

 
Rigor and Relevance 

“A rigorous and relevant education is a product of effective learning, which takes 

place when standards, curriculum, instruction, and assessment interrelate and reinforce 

each other” (Daggett, 2008, p. 2).  Career and technical education is an example of a 

programmatic approach to ensuring students learn both academic and skill knowledge in 

a practical, relevant setting.  Daggett (2008) developed the Rigor/Relevance Framework 

as a guide for all teachers who wish to increase the level of excellence in the classroom 

so students are effectively integrating knowledge in a way that helps prepare them for 

success in any postsecondary endeavor.  The Rigor/Relevance Framework uses the stages 

of Bloom’s Taxonomy as a basis for measuring the knowledge students’ gain in a given 

learning environment; however, it is the application of the knowledge that leads to 

increased levels of rigor and relevance.  In order to achieve the highest levels of rigor and 

relevance, students must be able to apply knowledge across disciplines and to real-world 

situations, both predictable and unpredictable. 

Unfortunately, many people define academic success within the parameters of 

meeting standards on state assessments.  College and career readiness is not defined by 

that measure alone; rather, it considers the learning that students experience throughout 

their entire education process–learning that is valued at a rigorous and relevant level 

(Daggett, 2008).  Research shows the rigor of high school curriculum is one of the top 

indicators of whether or not a student will graduate from high school and earn a college 

degree.  Additionally, relevant learning opportunities where subject areas are linked and 
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involve connections to both work and personal experiences contribute to a more 

meaningful learning experience (National Conference of State Legislatures, 2017). 

 
Connected Learning through Integration 

Connected learning measures ensure planned opportunities are provided to 

students in order for interdisciplinary connections to be made.  Connections should be 

evident across content areas as well as between school assignments and workforce 

applications.  When it takes place between secondary and postsecondary institutions, 

connected learning is beneficial in getting students college and career ready (National 

Research Council, 2000). 

Beane (1997) rigidly defines curriculum integration as “a curriculum design that 

is concerned with enhancing the possibilities for personal and social integration through 

the organization of curriculum around significant problems and issues, collaboratively 

identified by educators and young people, without regard for subject-area boundaries” (p. 

19).  He defends his definition and writes of his frustration with contemporary educators 

who use the terms integration, multidisciplinary, interdisciplinary, transdisciplinary, and 

cross-disciplinary interchangeably.  Beane (1997) believes strongly that students should 

have a way to contribute their interests and desires so that class design can reflect their 

interpretations of social and global issues as well as interests and concerns surrounding 

popular culture.  This supports Daggett’s (2008) philosophies of rigor and relevance and 

the beliefs of Kilpatrick (1936), Kleibard (1999), and Meriam (1921) that support a 

curriculum designed around life activities which allow students to be actively engaged in 

problem-solving. 
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Advocates of interdisciplinary approaches to curriculum believe integration is the 

route to relevance (Drake, 2007).  An interdisciplinary curriculum connects the various 

disciplines in some way and looks at things from a variety of perspectives.  The brain 

thrives when connections are made around a topic, theme, concept, problem, or issue.  In 

the current accountability environment, discipline-specific content must be considered 

independently in order to ensure the coverage of all required standards; however, the 

concepts and skills can blend into other disciplines to design a rigorous, relevant, 

multidisciplinary learning environment.  The development of a curricular approach to this 

blending of content and skills is called integrated learning and it can have a variety of 

looks.  Approaches to designing integrated learning environments range from having 

subject-area teachers incorporate content and skills from other subject-areas into their 

own classrooms to having teachers from different content areas unite in their approach to 

teach certain topics or themed units.  The ambiguous nature of integration is both positive 

and negative for those attempting to embrace its intent.  Guidelines are hard to define 

since integration can look different in a variety of settings; however, the very nature of its 

malleability lends itself to being easily adjusted to individualized needs and educational 

situations. 

Leaders at the United States Department of Education (2017) feels it is critical for 

states to “raise the bar so that every student in this country . . . is held to high learning 

standards that will ensure students have the skills to compete in today’s global, 

knowledge-based economy” (para. 1).  States are encouraged to adopt their own 

standards.  In Texas, the Texas College and Career Readiness Standards were designed 

to represent a full range of knowledge and skills that students need to succeed in entry-
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level college courses, as well as in a wide range of majors and careers.  According to 

research, “over 80% of 21st century jobs require some postsecondary education” (Texas 

Higher Education Coordinating Board & Texas Education Agency, 2009, p. iii).  The 

Texas College and Career Readiness Standards can be integrated into any discipline so 

students are performing at a level aligned to measures of college and career readiness. 

Little research has been done to recognize, acknowledge, and understand the 

perceptions of students who are learning in these varied environments.  Handy and Braley 

(2013) conducted a qualitative grounded theory study to capture the perceptions of 

teachers, counselors, and administrators related to the integration of career and technical 

education (CTE) with academic core content areas.  They believe in the value of knowing 

this information as it leads to either a “joined purpose or a disjointed set of opposing 

purposes” (p. 8).  For integrated learning to be impactful, students must be able to 

provide a barometer for the effectiveness of the instructional methods being used.  Using 

open-ended questions and interviews can provide an opportunity for authentic and 

valuable data collection so student perceptions can drive future instructional designs. 

In a mixed methods study conducted in a public school in Turkey, the researcher 

looked at the effects of drama-based geometry instruction on student achievement and 

attitudes (Duatepe-Paksu & Ubuz, 2009).  Though drama is not a technical skill that nests 

within career and technical education, it does provide a constructivist approach to 

learning by creating an environment where learners are building their own knowledge 

with guidance and project opportunities made available by a teacher.  Career and 

technical education instructors aim to provide the same approach to learning.  The 

researchers in this study used a self-developed tool to measure student achievement on 
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geometric concepts.  Additionally, scaled measurements of attitudes toward math and 

geometry were collected using Likert-type items.  Students responded to items before 

exposure to drama-based instruction and then again after treatment.  The study findings 

confirm that drama-based instruction has a significant effect on student achievement. 

 
Contextual Learning 

Contextual teaching strategies align with Conley’s (2010) first two dimensions of 

college and career readiness, key cognitive strategies and key content knowledge.  

Developed by the Center for Occupational Research and Development (CORD), five 

methodologies based on how people best learn prove to be paramount in preparing 

students for postsecondary success: relating, experiencing, applying, cooperating, and 

transferring (Bond & Navarra, 2012).  Additionally, efforts in the school-to-career 

movements have made gains in realizing that intellectual content in work-based learning 

opportunities requires changes both in and out of the classroom that expect high 

standards and broad learning goals (Steinberg, Cushman, & Riordan, 1999).  Practices to 

achieve this include using real-world contexts to emphasize higher-order thinking 

surrounding academics, extending learning beyond the classroom, utilizing community 

partnerships to extend investigations, and offering opportunities for students to explore 

personal interests and future goals. 

 
Relating.  Using students’ prior knowledge and experiences to bridge connections 

to new content requires purposeful planning on the part of educators.  Students do not 

always make the connections that may seem obvious to the teacher; therefore, teachers 

must create a learning environment where a variety of opportunities are available to 
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which students can connect.  Smith (2002, 2008) cites Howard Gardner’s interest in 

multiple intelligences in a way that supports relevant learning by emphasizing Gardner’s 

interest in developing programs that allow students a deep understanding of content 

through performance, exploration, and creativity.  He quotes Gardner as saying, “we must 

synthesize our understandings for ourselves,” a task that can only be achieved if personal 

connections to learning can be made (para. 1). 

 
Experiencing.  Students experience learning by doing hands-on activities and 

exploring real-world problem-solving.  Cooperative grouping techniques provide an 

experiential environment where students work together toward a common goal.  Project-

based learning is a technique that provides “rigorous, relevant, and contextual learning in 

a manner consistent with how learning takes place beyond the walls of the school” (Bond 

& Navarra, 2012, p. 236).  Community connections through service learning and work-

based learning also provide opportunities for students to experience learning at a different 

level.  Both of these learning venues provide character educational development as well 

as relevant application of academic content knowledge. 

 
Applying.  The application of learning takes place when scenarios are developed 

that allow students to apply what they have learned into a context that is real and 

relevant.  A work-based learning environment provides a life setting where knowledge, 

skills, and attitudes taught in a variety of classroom environments can be utilized to find 

solutions to real-world problems.  “Work-based learning connects the skill or knowledge 

with the real application” (Bond & Navarra, 2012, p. 238).  Also, because teacher-

constructed connections are not necessarily the connections students make (Drake & 
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Burns, 2004); work-based learning opportunities allow students to identify ways to make 

personalized meaningful connections to their current and future goals. 

 
Cooperating.  In alignment with Bond and Navarra’s (2012) idea on education 

designed for postsecondary preparation, students learn from each other in cooperative 

learning environments.  Their educational goal may be to complete a project, solve a 

problem, or use teamwork to develop a plan for application to an authentic, real-world 

scenario.  Many situations in a global society require people to work together to achieve a 

common task; therefore, cooperative group work within the context of academic learning 

prepares students with skills they will need as they pursue college and career goals. 

 
Transferring.  According to the National Research Council (2000) in How People 

Learn, taking control of one’s own learning is paramount for student success.  Students 

should be making predictions, explaining to improve understanding, and planning ahead 

for time management and collection of background knowledge (National Research 

Council, 2000).  These strategies aid in the transfer of learning where students can choose 

and evaluate strategies, model and coach each other through problem-solving in small 

group discussions, and succeed through the scaffolding of instructional support.  

Transferring is a teaching strategy defined as using knowledge in a new context–one that 

has not been addressed in class (Bond & Navarra, 2012).  Understanding a subject 

surpasses memorization of facts; it creates in a student the ability to apply learned 

knowledge, concepts, and skills into new situations when appropriate.  This transfer of 

knowledge is evident when students can take learned knowledge out of the context of the 
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learning environment and successfully apply it in a real-world application that requires 

the synthesis of multiple learned concepts (National Research Council, 2000). 

 
Community Partnerships 

Project-based learning is a way to design learning processes so that students apply 

a variety of knowledge, skills, and experience to the development of a product.  This 

approach to learning can also draw on the expertise of the community through 

partnerships between schools and business and industry.  By providing students a way to 

explore their interests through authentic and relevant contexts, learning is enhanced and 

college and career readiness skills are applied immediately where an audience of 

potential employers may see connections being made. 

Employers can provide several scenarios for connections between business and 

schools.  Opening businesses up for field trips, job shadowing, or internships allows 

students the opportunity to see learning applied in context.  In a consultant relationship, 

employers can provide insight to areas of improvement or enhancement in the curriculum 

(Bond & Navarra, 2012).  Additionally, young people validate their identity through the 

evaluations of others, including community members (Price, 2008).  Partnerships 

between schools and community members can bolster the positive growth of student 

knowledge as well as motivation factors such as self-confidence and soft-skill attainment. 

 
Geometry in Construction: The Integrated Classroom 

The integrated classroom environment unites geometry curriculum with 

construction curriculum and delivers them both through a two-teacher team instructional 

approach developed in Colorado by Scott Burke and Tom Moore in 2006 (Meeder 
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Consulting, LLC, 2008).  The model for contextualized teaching was designed with the 

help of industry partners and teaches students math skills, construction skills, and 

leadership/employability skills.  An example of a STEM-based program (incorporating 

science, technology, engineering, and math) with math as a key component, Geometry in 

Construction further exemplifies an intentional combination of the curriculum, the 

instruction, and the assessment strategies meant to enhance the level of both rigor and 

relevance in the class by allowing students to apply learning in a real-world, project-

based environment.  During the development of the integrated course, the common core 

state standards for geometry (used in Colorado) were rearranged to better align with the 

sequence of constructing a house (Common Core State Standards Initiative, 2017).  At 

the same time, the construction course was designed to focus on the timeline of building a 

house rather than on the new skills and concepts that would typically be taught in a 

different sequence.  This side-by-side contextualization allowed for seamless cross-

discipline integration. 

The class is team taught by a certified math teacher and a certified construction 

teacher, both of whom have received additional training in order to teach this course in its 

specifically developed design (Geometry in Construction, 2010).  The professional 

development required for course instructors is rigorous and contains elements designed to 

create sustainability for focusing on the balanced integration of both content areas.  A 

cohort of 40 students takes the course in a double-blocked class period and receives two 

high school credits toward graduation, one in math and one elective in construction.  

Students spend the school year working on the culminating project which incorporates 

business and industry input through building inspections and purchasing materials as well 
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as through guest speakers.  In Colorado, students have historically performed better on 

standardized state assessments in Geometry after having taken this integrated course 

(Geometry in Construction, 2010).  After the course’s first year in Loveland, Colorado, 

enrollment was overflowing.  Regardless of their career goals, students had a desire to 

learn geometry in a fully integrated, project-based environment like Geometry in 

Construction.  Several high school teachers in Texas received training to teach the course 

in 2012; student enrollment numbers have risen over the academic years the course has 

been offered.  No study has been conducted to compare student perceptions surrounding 

the learning environment and the alignment of those perceptions to achievement data on a 

standards-based, norm-referenced assessment; therefore, the purpose of this study was to 

explore these connections.  Additionally, though Texas does not require a standardized 

state assessment in high school Geometry, mathematical skills are embedded into college 

entrance exams and are necessary for students pursuing postsecondary credentials.  The 

results of this study will contribute to research related to student preparation toward 

college and career success. 
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CHAPTER THREE 

Methodology 

 
This mixed methods case study was designed to develop a more complete 

understanding of how integrated, project-based instruction impacts student success in 

geometry classes at a Central Texas high school.  In this chapter, the research questions 

emphasize the intent behind the study design.  Components of the design are discussed 

including an overview of the research site, a description of the participants, procedures 

used to conduct the study, and instrumentation utilized to gather and analyze data. 

 
Research Questions 

The overarching research question for this study was: What is the impact of 

instructional design on student interest and achievement?  To address this question, sub-

questions for each research phase were developed.  One question guided the qualitative 

phase of the study: 

 What are student perceptions regarding the effectiveness of instructional 

delivery models as they relate to learning, knowledge retention, attitudes 

about learning, and college and career readiness? 

One question guided the quantitative phase: 

 What is the relationship between instructional design and student achievement 

for high school Geometry students? 
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The quantitative research question translated into the following directional hypothesis: 

 Geometry students who are instructed in an integrated, project-based learning 

environment achieve at a higher level on posttests than students who receive 

instruction in a traditional learning environment. 

One question integrated the two research strands: 

 To what extent do student achievement scores agree with student perceptions 

regarding how an integrated, project-based learning environment impacts 

knowledge retention, attitudes about learning, and college and career 

readiness? 

 
Research Design 

A mixed method study is one in which the researcher collects and analyzes both 

qualitative and quantitative data in relation to stated research questions, merges or 

compares the two forms of data, and does so within a framework that brings purpose to 

the study (Creswell & Plano Clark, 2011).  The convergent parallel design used in this 

study is further defined as occurring when the researcher collects qualitative and 

quantitative data during the same timeframe, analyzes the data sets independently, and 

then brings the data sets together for overall interpretation.  In this study, the researcher 

used a convergent parallel design as shown in Figure 1 within a single case study to 

collect and analyze two distinct data sets–a qualitative and a quantitative, both of equal 

importance– and compared the data analyses for interpretation.  By selecting this 

approach, the researcher was able to provide a more comprehensive understanding of the 

case of integrated learning being studied. 
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Figure 1. Mixed method convergent parallel design.  Adapted from Creswell & Plano 
Clark’s 2011 model. 

 

As a program coordinator in the district where the study was conducted, the 

researcher had access to the data and the students in the context needed to address the 

research questions.  Prior to starting the research, a proposal was submitted to the 

Institutional Review Board (IRB) and it was determined that the study was exempt from 

IRB review.  A copy of the exemption is in Appendix B.  Permission to conduct the study 

was granted by the school superintendent’s designee and the high school principal.  The 

approval letters from the district are in Appendix C.  Students were asked to sign assent 

forms and parents were asked to provide consent for their student to participate in the 

study.  The student assent and the parent consent forms are in Appendix D.  The 

timeframe within which data was collected for this study spanned the 2014-2015 

academic school year.  Classroom observations were conducted by the researcher at the 

Central Texas high school from September 2014 through May 2015 in both the 

traditional geometry classroom and the Geometry in Construction (GiC) classroom in an 

attempt to provide evidence that could lead to a better understanding of the differences 

between the two instructional approaches.  The role of the researcher was nonparticipant 
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observer to ensure the instructional delivery methods was not altered due to observations.  

During observation periods, the researcher electronically scripted statements that 

described the learning environment and student interactions within the classroom.  This 

allowed for reflection and thematic coding of data by the researcher during analysis.  

Both courses were offered at the same times during the school day and both covered the 

same course standards; however, the sequence of the standards taught was different in 

each.  Additionally, the GiC classroom was student-centered, hands-on and project-

driven while the traditional classroom was predominately teacher-driven with regular 

student practice assignments. 

During the final weeks of the academic school year, students in the GiC class 

experimental group were given a researcher-developed electronic questionnaire using a 

link provided by their math teacher.  The questionnaire was designed to generate a profile 

of the students including information about when they began their math pathway, their 

career goals after high school, reasons for taking the integrated class over the traditional 

class, and their personal perceptions regarding how well they think they learned and 

retained geometry concepts compared to their peers in the traditional geometry class.  

The responses were then used as criteria by the researcher to convene a focus group in 

May 2015 where deeper probing could be conducted related to how students connect the 

GiC class design to the concept of college and career readiness. 

Quantitative data was gathered using pretest and posttest scores from students in 

both the experimental group and the control group.  A pretest over geometry concepts 

was administered in October 2014 to 110 students enrolled in on-level geometry classes 

at a Central Texas high school.  Approximately half of the students were learning in a 
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traditional classroom setting (the control group) while the other half were learning in a 

project-based, integrated environment blending math content with application through 

construction projects (the experimental group).  In February 2015, a posttest was given to 

the same student groups.  Using the Renaissance Learning STAR Math™ computer 

adaptive testing program, both of these assessments were completed on the computer by 

students.  Analysis of the pretest and posttest scores took place at a later time once all 

data collection for both strands of the mixed methods study was complete. 

 
Research Site Overview 

Approximately 350 sophomore and junior students at this Central Texas high 

school followed the standard math sequence and enrolled into on-level geometry courses 

during the 2014-2015 academic year.  Of those students, 55 signed up with their 

academic counselor for the Geometry in Construction course where geometry and 

construction technology are taught daily in a two-period block format by two teachers.  

These students were scheduled into one of two course sections: one that met during 1st 

and 2nd periods and one that met during 3rd and 4th periods.  The same two-teacher 

team, using the same curriculum and instructional resources including instructional 

approach and the assignment of similar student projects, teaches both sections of the 

course.  Upon completion of the school year, students in Geometry in Construction (GiC) 

received a full math credit in geometry and a full elective credit in construction 

technology. 

The traditional geometry classes at this Central Texas high school are typically 

comprised of about 25 students per teacher per 45-minute class period.  The classroom 

representing the control group in this study exhibited instructional delivery methods that 
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were designed in a teacher lecture/student practice format.  Desks were organized into 

rows, instruction was delivered through lecture in units organized into the district-

designed scope and sequence, and students practiced problems in the classroom and at 

home using pre-designed worksheets or textbook resources.   

In the GiC classroom, daily formats were designed by the teacher team at the start 

of the school year based on informal assessment of student needs.  The math teacher and 

the elective teacher worked together to gather information from students to determine 

basic skill and knowledge levels, then designed the instructional calendar around student 

interests and needs.  During the daily two-period class block, students may have worked 

on math only, construction projects only, or they may have spent time on both.  The 

instructional design of GiC expects that students are formed into working groups based 

on skill set, project focus, or random assignment.  The groups are then shuffled after each 

unit completion.  Students worked in these groups to complete much of the class work 

including math practice, small assessments, project design, and project completion.  Unit 

assessments were then completed individually and incorporated mathematical 

calculations as well as math application activities.  Students were also assessed on safety 

measures used with projects, skill development attained when working on projects, and 

fulfillment of each of the various group roles used in both class and project work.  When 

appropriate, students who wanted to work more independently could complete math 

practice, project design, and small projects on their own; however, the GiC course at this 

Central Texas high school has historically completed a large capstone project with all 

students working together. 
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Both the traditional geometry course and the Geometry in Construction course 

incorporated all of the Texas Essential Knowledge and Skills (TEKS) for geometry as 

required by the Texas Education Agency.  The district-level math coordinator for the 

Central Texas school district determined the sequence of the traditional geometry course.  

Using input from the district math coordinator, the GiC teacher, and the elective teacher, 

and the TEKS for Construction Technology, the geometry TEKS were reorganized for 

the purposes of the GiC classes only so that math concepts were better aligned to their 

application in the development of a construction project.  Ultimately, all students in both 

the traditional geometry classes and the GiC classes were exposed to all state required 

knowledge and skills related to geometry; however, the GiC students were instructed 

using a different scope and sequence. 

Key campus and district personnel assisted the researcher in data collection and 

guidance throughout the study.  The campus math instructional specialist and the district 

math curriculum coordinator helped ensure the Renaissance Learning STAR Math™ 

standards-based testing program and appropriate computer labs were available for pretest 

and posttest administration.  The three teachers whose classes were involved in either 

strand of this study assisted in channeling all communique’ between students, parents, 

and the researcher. 

 
Participants and Sampling 

The Central Texas high school that participated in this study serves Grades 9-12 

and is the only high school campus in the school district.  The district had over 7,000 

students from kindergarten through 12th grade with over 2,100 students housed at the 

high school campus.  During academic advisement for the 2014-2015 school year, 
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students selected the math course they would take based on the options made available 

through the district course catalog.  Though all students follow the same math course 

sequence through Geometry, students had the option to begin their high school math 

credits at different times.  A traditional pathway had students begin high school math 

courses in ninth grade, and an advanced pathway had students begin high school math 

courses in eighth grade.  Both pathways begin with Algebra I and Algebra II.  After 

successful completion of Algebra II, students move into one of three instructional 

environments for geometry: a traditional classroom, Geometry in Construction, or Pre-

Advanced Placement Geometry.  Students in the advanced pathway take geometry 

courses as 10th graders while students in the traditional pathway take geometry courses 

as 11th graders.  Because the focus of this study was students taking geometry in either a 

traditional classroom learning environment or in an integrated, project-based learning 

environment, the sample sets for both the qualitative and quantitative research strands 

contained students in both 10th and 11th grades. 

 
Qualitative phase.  For the classroom observation component of the qualitative 

phase of this study, the researcher visited both the traditional geometry classroom and the 

GiC classroom to understand the instructional dynamics, similarities, and differences 

better between each learning environment.  Due to the researcher’s role within the school 

district, observations in career and technical education classrooms were standard 

protocol.  For data collection related to this study, the researcher documented three visits 

to the traditional geometry and GiC classrooms using a scripting format on a district 

issued iPad.  Two of the visits took place in the first semester during the months of 

October and November respectively; the third visit took place in January of the second 
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semester.  All three observations were unscheduled with the classroom teachers yet were 

planned by the researcher to take place when visiting the campus for other business.  

Observations lasted 15 minutes each with the researcher recording student actions, 

conversations, and nonverbal cues.  Whether or not students were cleared for 

participation in the study had no bearing on the type of information collected in the 

classroom observation component of this phase.  Student names were not included in 

documentation, and students were only observed collectively regarding how they 

interacted within the learning environment.  Nonetheless, assent forms were provided to 

each student and consent forms were sent home via students to their parents so all 

families were knowledgeable of the study being conducted and the data being collected in 

each phase. 

Scheduling of the students who elected enrollment in the Geometry in 

Construction (GiC) course was conducted randomly by the district’s computerized 

scheduling program.  Students were placed into one of two sections of the class which 

was team taught in a two-period block by both a math teacher and an Agriculture Science 

elective teacher.  Of the 55 participants in the two combined sections of GiC, 14.5% (N = 

8) were female, 85.5% (N = 47) were male, 36.4% (N = 20) were in the 10th grade, and 

63.6% (N = 35) were in the 11th grade.  Twenty-seven students were enrolled in the first 

2-period block and 28 students were enrolled in the second 2-period block.  Prior to any 

data collection, students were provided with assent forms to indicate their willingness to 

participate in this study.  Forty-four of the 55 total students enrolled in GiC agreed to 

participate in the study; however, only 20 of those students brought back a signed consent 
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form from their parent.  Multiple attempts were made by the GiC teachers to reach out to 

parents in an attempt to solicit more participation, but no additional forms were received. 

In preparation for the focus group interview, all 55 students in the combined GiC 

sections were asked to complete a questionnaire electronically so the researcher could 

gain an understanding of the student profiles represented.  A link to the questionnaire was 

sent by the researcher to the geometry teacher so she could send it to GiC students 

through her classroom learning management system.  Twenty-three students (41.8%) 

completed the questionnaire; others were either absent or elected not to participate.  A 

maximum variation purposeful sampling technique was used to select from the entire 

group of student responders which resulted in a total of nine participants for the focus 

group interview.  A variety of criteria was used to differentiate the participants so 

selections could provide for diversity within the focus group.  This approach increased 

the likelihood that findings would reflect a variety of perspectives (Creswell, 2013).  

Criteria used included gender, the math pathway of the student, career interests, and 

participation in college entrance exams.  Once invited to participate, students were 

provided the opportunity to accept or decline involvement in the focus group.  All nine 

students accepted and were confirmed to have appropriate consent forms on file.  

Students were reminded that grades would not be impacted by the study. 

 
Quantitative phase.  For the quantitative portion of this study, students in this 

Central Texas high school’s traditional geometry class were compared to students 

enrolled in the school’s integrated Geometry in Construction class using pretest and 

posttest data on a norm-referenced, computer adaptive content-area test.  One teacher was 

scheduled to teach on-level traditional geometry classes during the same class periods as 
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Geometry in Construction for the 2014-2015 academic year.  In order to keep the time of 

day consistent between both participant groups in the data collection process, a non-

probabilistic convenience sampling technique was used to determine that the control 

group would be comprised of students enrolled in this teacher’s traditional geometry 

classes (Creswell & Plano Clark, 2011).  Furthermore, because students self-selected 

enrollment in the GiC course and were the only students in the high school taking GiC, 

the experimental group design for this quantitative portion of the study represented use of 

convenience sampling (Gay et al., 2009). 

The control group contained 67 total participants of which 56.7% (N = 38) were 

female, 43.3% (N = 29) were male, 13.4% (N = 9) were in the 10th grade, 85.1% (N = 57) 

were in the 11th grade, and 1.5% (N = 1) were in the 12th grade.  As was mentioned in 

the qualitative participant descriptions previously, the experimental group contained a 

total of 55 participants of which 14.5% (N = 8) were female, 85.5% (N = 47) were male, 

36.4% (N = 20) were in the 10th grade, and 63.6% (N = 35) were in the 11th grade.  In 

the control group, 53 students completed the pretest in October 2014 and the posttest in 

February 2015.  The experimental group had 44 students complete both tests.  Due to the 

nature of the data collected through the pretest and posttest, student names were not 

immediately reported or linked to their test scores except to confirm that they did 

complete both a pretest and a posttest for comparison purposes.  During the interpretation 

phase of the study, the students who participated in the electronic questionnaire and 

completed both the pretest and posttest were paired with their quantitative scores to 

determine if a connection existed between knowledge retention and student perceptions 

of the learning environment.   
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Qualitative Data Collection and Analysis 

At three points during the 2014-2015 school year, the researcher visited both the 

traditional geometry and the Geometry in Construction classrooms to collect data on 

classroom environment, activities, student interactions, and instructional practices.  This 

data was later used to triangulate the themes that emerged from the student survey and 

focus group interview.  During each classroom visit, the students in the GiC classroom 

were working in pairs or groups while the students in the traditional classroom were 

working independently or as a whole group. 

In May 2015, student perspectives related to instructional design and delivery 

methods within the GiC classroom were collected and analyzed using both an electronic 

survey and a semi-structured focus group interview format designed and led by the 

researcher.  All 55 students enrolled in the Geometry in Construction integrated, project-

based class were given electronic access to a questionnaire that asked open-ended 

questions related to career goals and thoughts about the design of the learning 

environment as it relates to college and career readiness.  Appendix E contains a sample 

of the electronic questionnaire.  Students were asked to complete the questionnaire in two 

days, and approximately half of the students elected to participate.  The researcher 

examined the responses to determine which data would help identify a diverse 

representation of students to be considered for the focus group interview.  Based on the 

results received, a maximum variation purposeful sampling technique was used to 

identify nine students as potential participants in the focus group.  The criteria used to 

select the focus group ensured some level of diversity among the members so that results 

could better reflect a variety of perspectives.  Criteria considered included the grade level 
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in which students began their high school math sequence, career goals beyond high 

school, and perceptions of the integrated class environment related to knowledge 

retention and preparedness for college.  Once the focus group was formed, responses to a 

new set of questions were collected using a standard interview protocol and audio 

recordings of the interview.  Interview content collected through both methods was 

transcribed and analyzed thematically for comparison by the researcher.  Appendix F 

includes a sample of the focus group interview protocol. 

 
Procedure.  In order to collect more detailed data on student perceptions about the 

integrated learning environment, student interviews were completed in a focus group 

format in hopes that interactions among interviewees would create a comfortable 

environment and allow them to give the best information.  Interviews took place during 

the GiC class period on a day that was agreed upon by both the teachers and the 

researcher to ensure the least amount of disruption to instruction.  Semi-structured 

interview questions were developed ahead of time to ensure alignment to the research 

questions.  During the interview, focus group participants each had an individual question 

sheet to reference so that the questions could be seen and referred back to even after they 

were asked by the researcher.  Participants were monitored in an attempt to solicit 

responses from each individual during the interview (Creswell, 2013).  Care was taken by 

the researcher to ensure each student had an opportunity to answer questions during the 

interview; however, two students rarely contributed any verbal responses even when 

prompted by the researcher and by other students.  When needed, the researcher asked 

follow-up questions to encourage students to elaborate on their answers.  The focus group 

met in a department workroom for about 20 minutes and student responses were audio 
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recorded, then later transcribed and analyzed using a system developed by the researcher 

which included predetermined theme identification related to Conley’s (2010) 

dimensions of college and career readiness while also allowing for additional themes to 

emerge (Creswell, 2013).  Table 1 illustrates the themes and subthemes used in the 

qualitative portion of this study. 

 
Table 1 

Themes Used to Analyze Survey and Interview Data 

Theme Subtheme 

Key Cognitive Strategies 

Problems in Context 

Hands-on Learning 

Collaboration 

Key Content Knowledge 
Learning Style 

Practical Application 

Attitudes About Learning 

Learning Should be Easy 

Math is Boring 

Preparedness 

 

Analysis.  Creswell (2013) describes qualitative data analysis as a spiral process 

that begins with organizing the data, looping in written notes and reflections about the 

data, classifying and coding the data into themes, and finally creating a visual 

representation of the data.  Student interview content collected in this study was recorded 

in audio format and then transcribed electronically by the researcher.  Once this 

organization was complete, the researcher made notes and reflections throughout the 

transcript in order to explore the content entirely and gain a sense of the interview as a 

whole.  The transcript was read and reread multiple times in order to identify patterns for 
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use in determining themes.  The researcher used predetermined themes related to 

Conley’s (2010) dimensions of college and career readiness while remaining open to 

additional themes that emerged during analysis.  Once themes were determined, the 

researcher compared student responses to look for similarities and differences, then 

organized the findings into a visual representation as shown in Figure 2 in Chapter 4.  

Classroom observation data was also studied through the context of the themes to 

validate student perceptions using instructional evidence.  These themes were later 

compared to student achievement data during the mixed methods data analysis portion of 

this study to answer the research question on the correlation between student perceptions 

and achievement scores. 

 
Validation strategies.  In qualitative research, it is important that validity is 

established by checking to ensure that the information represented by the researcher is 

accurate, trusted, and credible (Creswell & Plano Clark, 2011).  Further, Lincoln and 

Guba (1985) emphasized the importance of ensuring the study is established as 

trustworthy in that it is authentic, transferable, dependable, and confirmable.  Validation 

is a term used to underscore a process in qualitative data analysis, and Creswell (2013) 

recommends researchers use multiple validation strategies to strengthen their 

interpretations. 

In the current study, a member-checking validation approach would have been a 

preferred strategy to increase credibility; however, time limitations kept the researcher 

from doing so due to school being dismissed for summer break.  Multiple other strategies 

were used instead.  First, survey questions, which were developed by the researcher based 

on theoretical assumptions gained from a review of literature and field experiences, were 



 

51 

used during both the electronic survey and in the focus group setting.  Classroom 

observation data that was collected throughout the academic year of the study was then 

incorporated during the analysis as a way to triangulate the data and strengthen the 

research.  Using the themes that were identified during analysis of the survey data, the 

researcher examined the classroom observation notes for evidence to support a 

connection between instructional practices, student actions, and student perceptions.  

Second, the researcher included negative, disconfirming evidence to provide a realistic 

assessment of the findings.  Additionally, from the beginning, the researcher established 

their position in relation to the participants and the research site in order to be transparent 

about any biases or assumptions that may impact the study.  Finally, detailed descriptions 

were used to increase the potential for transferability to other settings (Creswell, 2013). 

 
Quantitative Data Collection and Analysis 

In the quantitative strand of the study, a pretest-posttest control group design (Gay 

et al., 2009) was used to compare achievement score reports for students in the GiC 

classroom to score reports of students in a traditional geometry learning environment.  

Tests of significance were conducted in order to test the null hypothesis which states no 

statistical significance exists between posttest scores of students in the GiC classroom 

and students in traditional geometry.  The independent variable in this quantitative strand 

of the study was classroom environment and the dependent variable was student posttest 

achievement data. 

 
Procedure.  Students in both the traditional and the integrated learning 

environments were assessed during their assigned math class period one day in October 
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2014 and again during their same math class one day in February 2015 using the 

Renaissance Learning STAR Math™ standards-based diagnostic online assessment tool.  

Students were scheduled into a campus computer lab by the campus math instructional 

specialist and completed the assessment in one class period.  Students who were absent 

on either testing day were not rescheduled into the computer lab to make-up the test. 

The assessment tool utilized a 34-item computer adaptive test format and was 

administered by the teacher in a pretest-posttest format at the end of the first six weeks of 

the fall semester and again at the end of the first six weeks of the spring semester.  All of 

the student participants in the study were scheduled into math classes that met during the 

first half of the school day; students completed the assessment during their assigned math 

class.  As stated earlier, both the traditional and the integrated geometry courses are built 

around the same standards; however, the sequence of those standards is different for each 

course.  Because of this, an analysis had to first be done to determine which standards 

both courses had in common in the time frame of the study.  The campus math 

instructional specialist completed the analysis of the standards and then built appropriate 

parameters within the Renaissance Learning STAR Math™ program so as to allow for 

the creation of an assessment that tested only the standards scheduled to be taught in both 

math classroom environments through February 2015. 

After both the pretest and the posttest, the Renaissance Learning STAR Math™ 

program provided student score reports in a variety of formats.  Reports were collected 

on each student tested in the control group and the experimental group.  Then, reports 

from students who completed both the pretest and the posttest were used in the data 

analysis. 
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Analysis.  All data analysis for the quantitative strand of this study was performed 

using IBM SPSS Statistics (version 19).  The pretest data was analyzed using a t-test for 

independent samples to see if the control group and the experimental group were 

similarly matched academically for comparison of posttest data alone.  The standard 

preselected probability level used by educational researchers is typically 5 out of 100 

chances that the difference observed occurred by chance (α = .05).  Because the t-test for 

equality of means indicated similarly matched samples, posttest student achievement 

scores were then able to be analyzed using a simple t-test.  If they had not been 

comparatively matched based on the pretest, posttest scores would have been analyzed 

using analysis of covariance (ANCOVA), which would have adjusted for the difference 

in pretest scores so posttest comparisons could be made (Gay et al., 2009).  The 

researcher worked with a mentor on the quantitative data analysis strand of this study to 

aid in use of the IBM SPSS Statistics program and to assist with interpretation of the 

statistical results.  Though a one-way ANOVA would have been a consideration for data 

analysis, the mentor and researcher determined with two groups of data to compare, the t-

test analysis would provide sufficient evidence in answering the research question. 

 
Reliability and validity.  In the quantitative portion of the study, credibility was 

based on the reliability and validity of the scores obtained from the pretest-posttest 

process.  The use of pretest data and a control group served to address threats to internal 

validity.  No concerns related to the interaction between the pretest and the experimental 

treatment groups exist based on the nonreactive nature of the assessment and the length 

of the study. 
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The Renaissance Learning STAR Math™ online assessment tool has been 

measured for its reliability and validity, according to information manuals located in the 

resources section of the product’s secure website.  Including test-retest measurements, 

four types of data have been collected, analyzed, and used to designate Renaissance 

Learning STAR Math™ as having a very good level of test reliability.  Through content 

validity checks compared with Common Core State Standards as well as other 

assessments such as the California Achievement Test and the Iowa Test of Basic Skills, 

Renaissance Learning STAR Math™ reports strong correlational validity (Renaissance 

Learning, Inc., n.d.). 

 
Mixed Methods Data Interpretation 

In the interpretation phase of this study, the final research question was 

investigated: To what extent do student achievement scores agree with student 

perceptions regarding how an integrated, project-based learning environment impacts 

knowledge retention, attitudes about learning, and college and career readiness?  Both the 

qualitative and quantitative data sets collected during the course of this study were 

analyzed independently, then compared to see if academic achievement score results 

aligned with student perceptions about instructional delivery and design models.  

Specifically, student survey responses were collected from 23 students in the Geometry 

in Construction class electronically in spreadsheet format.  The open-ended questions 

designed to capture student perspectives related to their experiences in the GiC class were 

analyzed for common terms and phrases.  Then, the pretest-posttest scores of those 23 

students were assigned a qualifying indicator and matched to their qualitative responses 

in the spreadsheet.  Once the data sets were in this form, they were entered into a joint 
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display for proper comparison.  The point of interface between the two strands of data 

took place during interpretation of the data analyses in order to allow the researcher to 

use the results to provide evidence for the mixed methods research question (Creswell & 

Plano Clark, 2011).  Interpretations are described narratively in Chapter 4, and qualitative 

student comments are used to enhance discussion of quantitative achievement scores. 
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CHAPTER FOUR 

Results 

 
 The convergent parallel design of this case study consisted of two simultaneous 

phases intended to investigate and corroborate the relationship between mathematical 

instructional design and student interest and achievement.  The qualitative phase included 

a student survey and subsequent focus group interview to gain an understanding of 

student perspectives as they relate to the learning environment and their level of 

applicability to college and career readiness concepts.  Additionally, classroom 

observation data collected throughout the course of the study helped the researcher 

identify instructional practices and student behaviors that distinctly represented the two 

different geometry learning environments.  This information was used to help the 

researcher better understand student perspectives within the experimental learning 

environment in order to triangulate the data and make connections to student survey 

responses.  The quantitative phase was designed to examine student academic progress 

through a pretest-posttest measure used to compare students in a traditional mathematics 

class to those in an integrated learning environment where geometry was taught in 

conjunction with a construction elective class.  Both sets of data were organized together 

and compared in the interpretation phase.  This chapter contains the results of each of the 

phases of the study. 
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Qualitative Phase 

 The qualitative phase of the current study was designed to address the research 

question: What are student perceptions regarding the effectiveness of instructional 

delivery models as they relate to learning, knowledge retention, attitudes about learning, 

and college and career readiness?  Students in both the traditional and experimental 

classroom learning environments were observed at three points during the year so the 

researcher could gain a better understanding of the differences between instructional 

practices and student actions.  All students enrolled in the experimental group (Geometry 

in Construction class) were given the opportunity to complete an electronic survey so the 

researcher could obtain information about student backgrounds, interests, career goals, 

and perceptions related to the learning environment.  The survey was administered in 

May 2015 and based on the results, a smaller group of students was invited to participate 

in a focus group interview so the researcher could investigate further the student 

perspectives as they relate to college and career preparedness and knowledge retention. 

 
Classroom Observations 

During the October classroom observations, students in GiC were working on 

learning about measurement and angles.  Students collaborated in small teams to design 

and build a set of stairs in the construction shop.  They had to determine the slope of the 

stairs, how deep and wide the stairs would be, and how to ensure that each stair met a 90° 

angle requirement.  During this lesson, students learned about equipment they were using 

in the shop and reviewed safety guidelines for working with tools.  One concept, 

reinforced by the teachers several times during the observation, was students should 

always measure twice and cut once.  Due to the soft chatter among the students as they 
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looked over the tools they would be using, students seemed excited about the opportunity 

to go into the construction shop and were eager to get started.  One student expressed to 

her group that she had never used a saw or a hammer before.  Several students with prior 

knowledge about tools shared with their peers what each tool would be used for. 

After observing in the GiC classroom in October, the researcher then moved into 

the traditional geometry classroom.  Students were listening to the teacher describe 

differences between 3D objects.  The teacher was moving around the room holding up 

3D objects made with sticks and having students name the shapes.  She pointed out 

angles and features that were distinct with each shape.  Students were documenting on a 

worksheet the information the teacher shared about each shape.  No students asked or 

answered questions during the observation. 

In November, the researcher conducted another classroom observation in each 

learning environment.  The traditional classroom was involved in whole group instruction 

with the teacher working through a calculation using a document camera to display her 

notes.  Students were calling out suggestions on next steps to follow and the class as a 

whole was discussing why certain approaches did not work.  Two students had their 

heads down and one was looking through unrelated material on his iPad.  The teacher 

shared with the class that they would be completing similar problems for practice and 

finishing for homework anything they did not complete in class. 

Across the hall in the GiC classroom, students were building model houses out of 

balsa wood.  In small groups, students had previously sketched out house plans and 

worked to calculate how much balsa wood they would need.  The concept written on the 

board for the lesson had to do with scale, and the teachers reminded students throughout 
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their group work that their model must be to the scale they indicated in their planning 

work.  The researcher made note that student drawings contained angle measurements 

and calculations related to slope for roof pitch. 

During the January classroom observations, students in the traditional geometry 

classroom were working quietly and independently on practice problems.  They each had 

a worksheet where they showed their work and recorded their answers.  Some problems 

were word problems and gave scenarios that prompted students to apply what they knew 

about area and perimeter in order to make calculations related to the challenge presented. 

The GiC classroom was also discussing area and perimeter.  Students were 

working in pairs on a landscape design assignment.  Using graph paper and scaled 

drawings, students had to design a landscape around the perimeter of a house and 

calculate how many plants, how much mulch, and how many feet of material they would 

need to outline their flower beds.  Once students reached a certain checkpoint on their 

design, they were allowed to access a landscape supply company on the internet so as to 

calculate costs of items.  Though not discussed during the observation itself, it seemed 

students were to work within a budget on their project design.  The teacher moved around 

the room answering questions and clarifying parameters on project design.  All students 

were on task during the observation, and one student shared with the class that she was 

working with her mom to complete her landscape design at their home. 

During analysis of the classroom observation data, the researcher examined 

scripted notes taken during classroom visits and then added notations throughout to 

summarize findings.  Though the original scripted notes contained only factual details 

from the observation, the reflective notes added during analysis included subjective 
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conclusions drawn by the researcher.  For example, during one observation in the 

traditional geometry classroom, two students had their heads down on their desks.  When 

the teacher asked the class if there were any questions or comments about the topic, no 

students responded.  The researcher noted a lack of student engagement in that 

observation and aligned that evidence to the idea that some students find math boring.  

The predetermined and emerged themes that developed during analysis of the 

questionnaire and focus group data were used to contextualize the observation data in 

order to provide support for the qualitative findings.  Examples from all classroom 

observations were identified and aligned to the themes and subthemes to provide 

additional evidence related to instructional design and its relationship to learning, 

knowledge retention, attitudes about learning, and college and career readiness. 

 
Participant Sampling 

Twenty-three students completed the electronic survey administered through a 

link provided by the Geometry in Construction teachers.  The results were evaluated by 

the researcher in order to select a smaller number of students for participation in the focus 

group interview.  A maximum variation purposeful sampling technique was used to select 

a total of nine participants for the focus group interview from the 23 student responders.  

A variety of criteria was used to differentiate the participants so that selections could 

provide for diversity within the focus group.  Criteria included gender, the math pathway 

of the student, career interests, and participation in college entrance exams.  The 

electronic survey results summarizing the 23 student responses are found in Table 2 and 

are categorized into two main components: Academic/Personal Data and Student 

Perceptions.  Student career goals are also included. 
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Table 2 

Survey Results of Experimental Group Perceptions and Academic/Personal Data 

Data Category Student Response # of Students 

Academic/Personal Criteria   

Gender 
Female 2 
Male 21 

Math Pathway 
On-level (started in 9th grade) 13 
Advanced (started in 8th grade) 10 

Course Sequence 
Alg.  I – Alg.  II – Geometry 22 
Alg.  I – Geometry – Alg. II 1 

College Admissions 
Have taken ACT/SAT/TSI 9 
Have taken no entrance exam 14 

Student Perceptions   

Learning Environment and 
Knowledge Retention 

Improved retention 18 
Did not improve retention 5 

Learning Environment and 
College/Career Preparation 

Better prepared 14 
Did not better prepare 9 

Career Goals Related to 
Course Content 

Construction/Skilled trades 7 
Unrelated fields 16 

 

Focus Group 

The researcher conducted a semi-structured focus group interview to gain a better 

understanding of student perceptions related to the integrated learning environment of the 

Geometry in Construction classroom.  The names of the students in this study are 

pseudonyms to protect the confidentiality of the participants.  Included in the focus group 

were two female students and seven male students (N = 9).  Students were classified as 

either sophomores or juniors and all participated in the school district’s redesigned math 

sequence of taking Algebra I followed by Algebra II, then Geometry.  Six of the students 
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began their high school math sequence during their first year of high school and were 

considered to be following the “on-level math pathway;” three of the students were 

following the “advanced math pathway” due to beginning high school math courses in 

middle school.  Table 3 includes a list of the focus group participants with additional 

details related to their career goals. 

 
Table 3 

Focus Group Participants 

Participant Gender Math Pathway Career Goal 

Allen Male On-level Business 

Bradley Male On-level Detective 

Charles Male On-level Military 

Daniel Male Advanced Business 

Evan Male On-level Undecided 

Felicia Female Advanced Firefighter/EMT 

Gabe Male On-level Mechanical 
Engineer 

Hannah Female On-level Undecided 

Isaiah Male Advanced Astronaut 

 

Predetermined and Emerging Themes and Subthemes 

The transcripts of the focus group interview and the electronic survey responses 

were analyzed using predetermined themes that paralleled two of Conley’s (2010) four 

dimensions of college and career readiness: key cognitive strategies and key content 

knowledge.  The researcher identified other themes and emerging subthemes in the 
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transcripts including student perceptions about their preparedness for college and career 

goals, student attitudes about learning, and factors that students feel contribute to their 

success.  Descriptive observation data collected during the classroom observations was 

used to triangulate the thematic information gleaned from the data analysis process.  This 

alignment can be seen in the thematic findings that follow. 

 
 Key cognitive strategies.  This first dimension of college and career readiness 

represented one theme through which qualitative data was analyzed.  Conley (2010) 

emphasizes, in order to develop key cognitive strategies, students need to formulate 

problems, interpret conflicting evidence, communicate findings, and strategically apply 

knowledge.  Students working on the landscape design project in the January observation 

of the Geometry in Construction classroom is an example of what Conley (2010) 

described, specifically regarding strategic application of knowledge and communication 

of findings.  Keeping Conley’s description in mind, the researcher recognized patterns in 

the transcripts of student responses related to these cognitive skills and further identified 

subthemes within this area: problems in context, hands-on learning, and collaboration. 

 Subtheme: Problems in context.  When students were asked about their preference 

in a learning environment and how they felt they learned best, several students gave 

responses related to solving mathematical problems in context so as to have a better 

understanding of how concepts are applied in life.  From the electronic survey, students 

justified their interest in the GiC class with statements such as “math makes more sense 

in the real world” and “I wanted real life examples” to learn from.  One student stated, 

“Geometry in Construction seemed like a nice break from only doing math problems.  It 

added a nice new flavor to math.”  During the focus group interview, Allen indicated it 
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was very important for him to be able to see math taking place.  Felicia gave an example 

of how they were going to be assessed on the final exam with problems that are “logical 

and make sense.”  She went on to say that the test will likely ask them “to find out how 

much paint we need to paint a room or how big of an air conditioner we need to cool a 

certain size house.”  These statements illustrate examples that described learning 

problems in context. 

 Subtheme: Hands-on learning.  Another emerging subtheme within this 

overarching dimension was the students’ desire for hands-on learning opportunities.  

Statements captured in the electronic survey emphasized hands-on learning as a priority.  

One student stated they learn better by doing rather than by just hearing.  Two students 

reported they liked the idea of applied math and hands-on projects while another went on 

to say they took the GiC class because they are “a hands-on learner and it helps to be able 

to do math while applying it in life.”  Gabe elaborated more during the focus interview 

session stating that math in the GiC classroom is easier because he “likes working with 

stuff and building stuff.”  Charles agreed with Gabe, and Hannah added that GiC is “a 

better class for hands-on learners.” 

 Subtheme: Collaboration.  One subtheme that emerged during the focus interview 

was the effectiveness of collaboration and teamwork.  Hannah shared that the design of 

the learning environment in Geometry in Construction taught her how to work with 

others while also managing conflict and opposing thoughts.  Gabe echoed in agreement 

and added that “working together to get the job done” is unique to the GiC classroom 

when compared to a traditional math class. 
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 Using notes and a summary of findings from classroom observations in an effort 

to validate these student perspectives, the researcher looked for evidence from the 

observations that indicated students were able to collaborate successfully while problem-

solving.  Because students specifically mentioned in the focus group that working with 

others on assignments was unique to the GiC classroom, scripts from the classroom 

observations were analyzed to look for connections between observation data and student 

perceptions.  In all three classroom visits during the academic year, the researcher noted 

that students in the GiC classroom were given a real-world problem or project and asked 

to work together in small groups to find the best mathematical approach to solving the 

problem.  Similarly, when students were working in the shop classroom on construction 

skills and projects, they worked in small collaborative groups to accomplish tasks where 

mathematical computations were necessary.  One such occasion had students building a 

set of stairs so as to understand the application of measurement techniques and use of 

angles for an appropriate product outcome.  Students not only applied their math 

knowledge to the project, but they learned to use a measuring tape, protractor, hand saw, 

table saw, and hammer in the process.  For a couple of the groups, the project was not 

successful and they had to problem solve together to figure out what went wrong in their 

calculations, measurements, or building.  Thinking through mistakes in calculations 

where the results are seen in a manifestation of the process provides hands-on, real-world 

learning which allows students to build mental connections that will contribute to 

knowledge retention and transferability.  On the contrary, classroom observations from 

the traditional learning environment provided evidence that students worked 

independently on math practice assignments that were not presented in real-world 
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context.  Much of the instruction was teacher-led and had students practicing calculations 

on worksheets.  Data collected from both learning environments provided actual 

examples of experiences students referenced during the electronic survey and focus group 

interview, including opportunities where teamwork was a contributor to success. 

 
 Key content knowledge.  Conley’s (2010) second dimension of college and career 

readiness provided another theme through which the qualitative data of this study was 

analyzed.  Similar to one of the subthemes already mentioned, Conley states students 

should be able to use learned strategies in applying knowledge, should be able to retain 

and repeat facts, and should stretch beyond their comfort zones within their contextual 

learning experiences.  This theme related specifically to the academic content area 

highlighted in this study–geometry.  It thematically takes problem solving in context a 

step further and considers how students retain the subject-area knowledge (their learning 

style) and then apply it in a different environment (practical application).  Most students 

indicated through the electronic questionnaire that they signed up for GiC because they 

did not want to learn math by simply doing problems on paper.  Students were interested 

in the hands-on approach to the GiC class.  Though four students admittedly took the 

class for the construction component in hopes of learning construction skills with a little 

math along the way, not all students were familiar with even the most basic skills 

necessary to work in the school’s construction shop.  During a GiC classroom 

observation in October, two students were overheard talking about how they had never 

used tools before taking this class and that now they are less intimidated because they 

will know what to do with certain tools and when to do it.  The sidebar conversation took 

place during a whole-group discussion where students reviewed their plans on building a 
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set of stairs during their first trip to the school’s construction shop.  The two students 

visiting quietly commented specifically that they had never held a hammer prior to 

working on the stair project.  In this example, even students who were not familiar with 

the skills necessary for construction were able to take what they had learned about 

measurement and angles and practically apply it in a different environment while also 

learning new skills. 

Further exploring student perceptions on the importance of applying content 

knowledge in practical scenarios, the researcher asked a question to the focus group about 

learning math through hands-on application of the content.  Daniel had an opinion that 

differed from the other focus group participants.  “I don’t think it’s that important 

actually.  I would have been fine in a regular math class,” he said.  Isaiah added, “I agree 

that it’s not important, but it can be beneficial.”  The comment made by Daniel implied 

that he would have been just as successful in a traditional math class where practical 

application of the content did not take place regularly.  For some students, this may be 

true, especially due to the fact most classrooms are designed in that format.  It must be 

considered; however, that the GiC students may actually be learning without realizing it 

due to the logical sequencing of content as it relates to building construction projects.  In 

fact, Daniel was skeptical that the GiC students were even learning the same content as 

students in the traditional math classroom.  He stated, “I think the math we learned in this 

class is probably a lot easier.  The [traditional] geometry class probably went a lot faster 

and I think they learned different topics.”  When asked why he had that impression, 

Daniel indicated he had friends in the other class that described things they were learning, 

and the terminology did not sound familiar to Daniel.  He was surprised when the 
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researcher assured him that both classes cover the exact same content but in a different 

order and through a different instructional delivery method.  Based on student responses 

related to course content, the researcher identified two subthemes within this area: 

learning style and practical application. 

Subtheme: Learning style.  In support of the project-based, hands-on format of the 

GiC classroom, Felicia said, “Just looking at a sheet of numbers gets kind of confusing.” 

She added the practical problem-solving approach to GiC is “logical and makes sense.”  

Allen added his opinion saying, “Everything we learned is stuff we can use in the real 

world, but the other classes learned more formulas and stuff they wouldn’t know how to 

use outside of high school and college.”  The overall opinion of the students in the focus 

group interview related to this theme was the GiC classroom had provided a beneficial 

learning environment where students enjoyed an alternative approach to learning that 

allowed them to be more hands-on and practical. 

In an effort to corroborate the perceptions of the students related to this theme, the 

researcher reviewed the summary of classroom observations and gained a better 

understanding of the difference between the two learning environments.  Students in the 

traditional classroom spent time in class taking notes and practicing calculations.  Most 

work was done independently with very few manipulatives available for students to use.  

In the GiC classroom, much of the work students did during the observations conducted 

by the researcher contained a hands-on component and allowed students to work in pairs 

or groups.  Students were immersed in content through real-world projects. 

Subtheme: Practical application.  In the integrated learning environment of the 

GiC classroom, students regularly calculated solutions to problems; however, those 
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calculations were embedded in a practical problem they had to solve.  For example, one 

project the students worked on had them design their own landscape.  Students creatively 

approached the project with a personal touch, and then had to determine an estimate for 

the amount of materials needed with calculations to include projected costs.  They used 

graph paper, rulers, protractors, a 3-D application on the iPad, and pricing information 

from local nurseries and home improvement stores to calculate angles, area, perimeter, 

volume, and cost projections for their assignment.  Students had to know mathematical 

formulas and had to use their calculations successfully in the correct context for the 

problem.  This is an example of student learning as it relates to both of the 

aforementioned themes of key content knowledge and key cognitive strategies. 

 
Attitudes about learning.  Throughout the data collection phase of this study, 

students shared their opinions about the type of learning environment that is both 

beneficial and interesting to them.  Their perceptions about what makes learning 

meaningful indicated they value relevance of content but they do not always want to 

work hard to get where they need to be.  Evidence supporting this can be found in three 

subthemes that emerged in the analysis of data as it related to student perceptions: 

learning should be easy, math is generally boring, and students want to be prepared for 

the future. 

Subtheme: Learning should be easy.  At multiple points during analysis of the 

electronic survey results and focus group interview transcript, it became apparent that 

some students wanted their school work to be easy.  That desire does not necessarily 

mean students are lazy or they do not want to work at all; better stated, they want to have 



 

70 

fun with what they are doing.  When students are having fun while learning, it seems 

easier to them and they may forget they are even learning at all. 

When asked through the electronic survey why students elected to take Geometry 

in Construction, four students answered they heard the class was fun and two students 

responded they wanted to take something easy.  Deeper probing took place during the 

focus group interview and students weighed in on this concept.  Bradley stated the GiC 

class “made math easier to understand.”  Gabe echoed that statement and added, 

“Building stuff made the math easier.”  The opportunity for students to discuss their 

thoughts on this within the confines of the semi-structured interview allowed for 

expansion of the original thought.  Evan spoke up and introduced the idea that having the 

right teachers in the room can influence student perspective related to how easy a class is.  

He said, “Having a teacher that teaches really well makes math easier.”  Hannah agreed 

and stated, “[the teacher] slows it down, takes it step-by-step, and then re-explains it if 

you don’t understand.” 

During classroom observations, students were observed in both the traditional 

learning environment and the integrated, project-based environment of the GiC 

classroom.  The overall feel of the project-based classroom was energetic, social, and 

productive.  The researcher interpreted this as being a place where students enjoy 

learning; they were collaborative in working groups, they contributed creatively to their 

project designs, and they did very little rote practice work.  On the contrary, the 

traditional geometry classroom was quiet with students working independently on 

practice problems or note-taking.  Verbal comments were made once during the 

researcher’s observation about how the math concept could be used in a real-world 
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context; however, it was abstract to the students and they seemingly made no connection 

to it through practice problems or additional discussion. 

Subtheme: Math is boring.  Math is often seen as an intimidating subject for 

students who do not consider it a strength or interest.  For students who are social and 

creative thinkers, the idea of sitting and working on problem after problem may sound 

boring and insignificant.  Geometry in Construction offers an opportunity for students to 

break the cycle of rote practice math classes.  Four responders to the electronic survey 

indicated the fun environment of the GiC classroom as their number one reason for 

signing up for the class.  Other than the two students who signed up because they thought 

it was easy, the remaining 17 registered because math makes more sense in the real world 

(three students), they learn better with hands-on application (11 students), or it was 

related to their interests in construction (three students).  These students sought out a 

math class that was not going to be boring by their standards.  Gabe summed up his 

favorite thing about the course design, “You aren’t just in the classroom doing math, you 

are out [in the shop] doing projects.”  Allen added, “Being in the shop is more fun than 

being in the classroom.”  But more than that, students talked about how much they value 

learning real-world skills including project management, time management, and working 

on things that are relevant to them. 

Subtheme: Preparedness.  Similar to finding relevance in learning, students 

indicated the importance of feeling as if what they are learning is preparing them for 

future endeavors.  Whether wanting to be prepared for the next course they take, for a 

college entrance exam, for a college class, or for a career aspiration, students need to find 

meaning in their learning and feel prepared to move forward.  Several students in the 



 

72 

focus group interview alluded to having concerns related to not feeling prepared 

mathematically for their next upper-level math class.  One student, Allen, felt prepared to 

be successful on district and state assessments but did not feel that the practical approach 

to the GiC class prepared students for success on college entrance exams.  He specifically 

referenced his experience in taking the ACT® and said, “When I took my ACT®, there 

weren’t a lot of word problems where you had to think through it, it was more you had to 

know the formulas and how to do the math, so it hurt me.”  He added he felt like maybe 

the GiC class better prepared students for career skills and traditional math courses better 

prepared students for college.  Allen did not see the connections in his learning as 

preparing him for both college and career success. 

Another student responded to the electronic survey outlining a couple of life 

lessons that he felt he had gained from taking the GiC class.  He shared you should put 

trust in co-workers to do their job, teamwork is always important, safety should always 

come first, and no one should ever be afraid to seek clarification if they are unsure about 

something.  Hannah concluded her thoughts stating teamwork and communication were 

the skills most important to her and those skills would prove useful no matter what she 

decided to do next. 

 Figure 2 provides a visual representation of the interrelatedness of the qualitative 

themes and subthemes that emerged from this study.  The three overarching themes—key 

cognitive strategies, key content knowledge, and attitudes about learning—align either 

directly or indirectly to Conley’s (2010) dimensions of college and career readiness.  

Based on his research, it is understood that the overlap of these dimensions illustrates the 

correlation necessary for students to be college and career ready.  Adding in the 
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subthemes that emerged during the student interviews allows for a better understanding 

of how each dimension works interdependently building a strong college and career ready 

student.  Using a modified Venn diagram to depict these complex connections reinforces 

how the student perceptions related to the integrated, project-based learning environment 

align to the characteristics of a college and career ready student by Conley’s definition. 

 

 

Figure 2.  Venn diagram of qualitative themes. 

 
In summary, students came from different backgrounds and had varying reasons 

for considering a nontraditional educational environment where project-based, integrated 



 

74 

learning was the structure.  Insight gained through an open-response survey and a semi-

structured focus group interview provided evidence to the question that guided this 

qualitative phase of study as it relates to student perceptions regarding the effectiveness 

of instructional delivery models as they impact learning, knowledge retention, attitudes 

about learning, and college and career readiness.  Classroom observation data was then 

aligned to the qualitative themes and subthemes in order to validate the student responses.  

This layer of authentication strengthened the intersection of theory and practice showing 

how Conley’s dimensions of college and career readiness are naturally embedded within 

an integrated project-based learning environment.  These results will be revisited in the 

comparison of qualitative and quantitative data during the interpretation phase of study. 

 
Quantitative Phase 

 A directional hypothesis guided the quantitative phase of the current study: 

Geometry students who are instructed in an integrated, project-based learning 

environment achieve at a higher level on posttests than students who receive instruction 

in a traditional learning environment.  Pretest and posttest data was collected on students 

in a control group and students in an experimental group.  The data collected was used to 

provide evidence for the research question: What is the relationship between instructional 

design and student achievement for high school Geometry students? 

 In October 2014, a pretest over geometry concepts was administered to 110 

students enrolled in on-level geometry classes at a Central Texas high school.  

Approximately half of the students were learning in a traditional classroom setting (the 

control group) while the other half were learning in the Geometry in Construction 

classroom (the experimental group).  In February 2015, a posttest was given to the same 
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student groups with 108 students completing the test.  During preparation for data 

analysis, the researcher found 97 total students spanning the control group (N = 53) and 

the experimental group (N = 44) completed both the pretest and posttest.  Scores for those 

students were used in statistical comparisons for the purposes of this study. 

 The assessment tool, the Renaissance Learning STAR Math™ computer adaptive 

testing program, utilized a 34-item test format and was administered by the teacher 

during the regularly scheduled math class.  Since the sequence of course standards is 

different for each course, the campus math instructional specialist built appropriate 

parameters within the Renaissance Learning STAR Math™ program to allow for the 

creation of an assessment that tested only the standards scheduled to be taught in both 

math classroom environments through February 2015. 

 The appropriate analysis for data from pretest-posttest designs depends on the 

performance of the two groups on the pretest (Gay et al., 2009).  Therefore, the 

researcher first looked at pretest data from both the control group and the experimental 

group to ensure the groups were essentially the same.  Table 4 shows the group statistics 

for the pretest data set; the results of the pretest analysis are found in Table 5.  Using a t-

test for independent samples, analysis of the pretest scores showed a mean score for the 

control group of M = 814.64 (SD = 64.051) and for the experimental group, M = 830.73 

(SD = 66.281).  Assuming equal variances based on Levene’s test for equal variances, a 

comparison between the pretest scores of the two groups resulted in a t-value of -1.212 

with a probability (p = .228) larger than the standard α = .05 indicating no significant 

difference between the pretests of the students in the traditional classroom environment 

and those in the Geometry in Construction class. 
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Table 4 

Pretest Group Statistics 

Pretest Group N M SD SEM 

Control 53 814.64 64.051 8.798 

Experimental 44 830.73 66.281 9.992 

 
 

Table 5 

Pretest Independent Samples t-test Statistics 

Pretest 

Levene’s Test for 
Equality of 
Variances 

t-test for Equality of Means 

F Sig. t df p Mean 
Difference

Equal Variances Assumed .045 .832 -1.212 95 .228 -16.086 

 

Using these pretest analysis results, the researcher determined the posttest scores 

would be best compared using a t-test for independent samples.  This decision was made 

in alignment with the expectation that the two independent group samples, because they 

were essentially the same at the beginning of the study, could use posttest scores to prove 

or disprove the hypothesis (Gay et al., 2009).  Analysis of the posttest scores indicated a 

control group mean score of M = 826.19 (SD = 67.218) and an experimental group mean 

score of M = 853.34 (SD = 72.240).  These results are summarized in Table 6.  Contrary 

to the pretest comparison, this analysis of the posttest mean scores of the two groups 

indicated a more significant level of difference (t-value = -1.915, p = .059) with students 

in the Geometry in Construction class scoring overall higher on the posttest than students 
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in the traditional class.  Student scores in the GiC class, however, showed much more 

variability among the scores than the students in the traditional math classroom.  The 

posttest analyses results can be found in Table 7. 

 
Table 6 

Posttest Group Statistics 

Posttest Group N M SD SEM 

Control 53 826.19 67.218 9.233 

Experimental 44 853.34 72.240 10.891 

 
 

Table 7 

Posttest Independent Samples t-test Statistics 

Posttest 

Levene’s Test for 
Equality of 
Variances 

t-test for Equality of Means 

F Sig. t df p Mean 
Difference

Equal Variances Assumed .181 .671 -1.915 95 .059 -27.152 

 

In order to test the hypothesis and fully address the research questions, the 

researcher additionally utilized a paired samples t-test for non-independent samples to 

look at pretest-to-posttest improvement of each group.  The paired samples statistics are 

found in Tables 8 and 9.  Comparison between the two groups on the differences between 

pretest and posttest scores indicated while both groups showed improvement, which was 

expected, the control group’s improvement was not statistically significant.  The 

experimental group’s improvement from pretest to posttest, however, did show a 
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statistical significance therefore proving the hypothesis that Geometry students who are 

instructed in an integrated, project-based learning environment achieve at a higher level 

on posttests than students who receive instruction in a traditional learning environment.  

These comparisons are in Table 10. 

 
Table 8 

Control Group Paired Samples Statistics 

Control Group N M SD SEM 

Pretest 53 814.64 64.051 8.798 

Posttest 53 826.19 67.218 9.233 

 

Table 9 

Experimental Group Paired Samples Statistics 

Experimental Group N M SD SEM 

Pretest 44 830.73 66.281 9.992 

Posttest 44 853.34 72.240 10.891 

 

Table 10 

Paired Samples t-test for Non-independent Samples Statistics 

Paired Differences M SD SEM t df p Correlation 

Control -11.547 46.971 6.452 -1.790 52 .079 .745 

Experimental -22.614 50.418 7.601 -2.975 43 .005 .738 
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An additional analysis of the data was conducted by the researcher for this study, 

though it was considered less reliable than the posttest comparison.  Using a t-test for 

independent samples, the researcher included an analysis of the calculated differences 

between the two group means from pretest to posttest.  Gay et al. (2009) warn of 

problems with this approach related to the potential that students have to gain between 

the pretest and posttest and to the reliability of the analysis.  However, some researchers 

find this approach to be a viable way to analyze data from two groups who are pretested, 

treated, and tested again.  In this study, the researcher analyzed the data in this way to 

gain additional perspective on the differences between the two groups though the posttest 

analysis data was sufficient.  The control group (M = .015632, SD = .057692) and the 

experimental group (M = .028610, SD = .067145) calculated an overall mean difference 

of M = .012978 and showed no significant difference (p = .309) in comparison of the 

percent change from pretest to posttest. 

In summary, the data collected in the quantitative portion of this study was 

analyzed to compare pretest and posttest data collected from students in both a traditional 

geometry classroom and in the Geometry in Construction classroom.  Because of the 

similarities in pretest scores between the two groups, a direct analysis of the posttest data 

was determined to be the best approach to provide evidence for the research question 

posed: What is the relationship between instructional design and student achievement for 

high school Geometry students?  Results of the data analysis provided evidence, proving 

the hypothesis that students who are instructed in an integrated, project-based learning 

environment achieve at a higher level on posttests than students who receive instruction 

in a traditional learning environment. 
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Interpretation Phase 

 The interpretation phase of the study organized elements of the two sets of 

analyzed data to address the research question: To what extent do student achievement 

scores agree with student perceptions regarding how an integrated, project-based learning 

environment impacts knowledge retention, attitudes about learning, and college and 

career readiness?  This phase was important to the overall mixed methods design of this 

study as it brought together seemingly independent data elements and investigated how 

they integrate to provide a deeper understanding of the relevance of a nontraditional 

approach to learning high school math.  Through the mixing of both qualitative and 

quantitative data components, the researcher was able to consider an additional vantage 

point that would have otherwise not been available using the qualitative and quantitative 

data independently. 

Creswell and Plano Clark (2011) outlined a data analysis approach in convergent 

parallel mixed methods study designs in which the researcher merges data analyses in 

order to compare results.  To do this, the researcher must collect both qualitative and 

quantitative data concurrently, independently analyze the respective data using 

approaches best suited to the research questions, identify how the two data sets will be 

compared using what information, refine analyses to produce needed information, 

visually represent the comparisons, and interpret the combined results.  This study 

utilized each of these steps in order to maintain the integrity of the data collected. 

First, both qualitative and quantitative data were collected concurrently.  

Qualitative data included results from an electronic questionnaire for students enrolled in 

Geometry in Construction, a student focus group interview conducted with nine students 
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from Geometry in Construction, and classroom observation data collected from both the 

traditional and experimental geometry classrooms.  Quantitative data was collected using 

a pretest-posttest design assessing students in a control group (the traditional geometry 

classroom) and students in an experimental group (the GiC classroom).  Though collected 

concurrently over the course of the 2014-2015 school year, both sets of data were 

analyzed independently in order to best answer the respective research questions.  Then, 

to answer the mixed methods question, the researcher determined that specific elements 

of each data set needed to be examined in relation to one another for interpretation.  Due 

to the differences in the types of data collected, the researcher determined the best way to 

compare results was to analyze data related to the specific students further who were 

involved in both the qualitative and quantitative phases of the study. 

During the 2014-2015 school year, 97 total geometry students, traditional and 

GiC, completed both a pretest and a posttest during their math class at a Central Texas 

high school.  Through statistical analysis of the pretest and posttest scores, the results of 

the quantitative data analysis indicated a positive correlation between learning in a hands-

on, relevant, project-based environment and student knowledge retention.  In order to 

explore whether students recognized that connection themselves, the researcher merged 

into a visual matrix information from 23 students common to both data collection phases 

of the study.  The 23 students were enrolled in the Geometry in Construction course and 

participated in the pretest-posttest component and an electronic survey administered 

toward the end of the school year.  Nine of those students then went on to participate in a 

follow-up focus group.  The data collected on these 23 students from both strands was 
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interpreted together in order to see how the quantitative and qualitative information 

aligned to the components of the mixed methods research question. 

Table 11 represents a comparison of the quantitative and qualitative data collected 

on the 23 students for this interpretation phase of the study.  A joint display, defined by 

Creswell and Plano Clark (2011) as “a figure or table in which the researcher arrays both 

quantitative and qualitative data so that the two sources of data can be directly compared” 

(p. 226), was used to bring together the data elements from the 23 students represented in 

both the qualitative and quantitative phases of the study.  These students were selected 

for investigation based on their participation in both strands of the data collection; 

however, two of the students did not complete one or the other of the pretest-posttest 

assessments during quantitative data collection.  Those students are included in the 

interpretation phase of data analysis, however, in order to provide additional perspective 

related to the qualitative results.  Using the joint display, the researcher was able to take 

student questionnaire responses that represented the study’s qualitative themes and 

compare those responses with their own achievement scores.   

Comparing the qualitative and quantitative results using a visual matrix allowed 

the researcher to see where correlations did or did not exist between the two data sets 

collected in the study.  Analyzing the data in this way allowed for the adequate provision 

of evidence for the mixed methods research question regarding the relationship between 

student perceptions and achievement scores.  Only students in the Geometry in 

Construction class were included in results used for the interpretation phase of this study 

as they were the only students who participated in both data collection phases.   
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Table 11 

Joint Display Arraying Qualitative Themes with Quantitative Posttest Results 

  Student Perception  

Student 
Achievement 

Scores: Pretest 
to Posttest 

Knowledge 
Retention 

Attitudes About 
Learning 

College and 
Career 

Perceptions 
and Score 

Correlation 

1 Declined Will Improve Fun Prepared No 

2 Improved Will Improve Practical Unsure Partially 

3 Declined Will Improve Easier Prepared No 

4 Improved Will Improve Practical Prepared Yes 

5 Improved Will Improve Hands-on Unprepared Partially 

6 Declined Will Improve Career Prepared No 

7 Improved Will Improve Practical Prepared Yes 

8 Declined Will Improve Fun Unprepared Partially 

9 Declined Will Improve Career Prepared No 

10 Declined Will Improve Practical Prepared No 

11 Improved Unsure Career Unsure No 

12 Declined Will Not Improve Fun Prepared Partially 

13 Improved Will Improve Fun Prepared Yes 

14 N/A Will Improve Hands-on Prepared N/A 

15 Improved Will Not Improve Easier Unprepared No 

16 Improved Will Improve Practical Prepared Yes 

17 Improved Will Not Improve Hands-on Prepared Partially 

18 N/A Will Improve Easier Unprepared N/A 

19 Improved Will Improve Practical Prepared Yes 

20 Improved Will Improve Hands-on Unprepared Partially 

21 Improved Will Improve Hands-on Prepared Yes 

22 Improved Will Not Improve Fun Unprepared No 

23 Improved Will Improve Hands-on Prepared Yes 
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In order to compare the data sets concisely, the researcher first assigned each 

student a number between 1 and 23 based on the order in which they answered the 

qualitative survey during the data collection phase.  Pretest-posttest results were added to 

the joint display for each of the 23 students using descriptive indicators: improved, 

declined, or incomplete.  Then, the researcher merged these results with student 

perceptions on how the instructional delivery method potentially impacts knowledge 

retention, attitudes about learning, and college and career preparation. 

Of the 23 students studied in this phase, seven had posttest scores that were lower 

than their pretest scores while 14 students showed improvement.  Two students did not 

have an indicator listed as they did not complete either the pretest or the posttest.  Further 

analysis of the student scores showed that five of the seven students who declined still 

had a posttest score above the experimental group average.  Additionally, four of the 14 

students who showed improvement had posttest scores below the experimental group 

average.  Overall, 15 (71%) of the Geometry in Construction students analyzed in this 

interpretation phase had posttest scores above the experimental group average while 14 

(67%) showed improvement from the pretest to the posttest.  Further discussion of these 

differences can be found in Chapter Five. 

Students’ qualitative responses were captured electronically into a spreadsheet 

categorized by question.  Initially, student names were reported through the survey so 

that students could later be identified for participation in the focus group.  The researcher 

numbered each survey response 1 to 23 in the order the responses were received, then 

used the responses for analysis in the qualitative phase.  Once that analysis was complete, 

an additional column of information was added for each of the 23 students.  This column 
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contained a descriptive indicator related to the pretest-posttest results: improved, 

declined, or incomplete.  After adding quantitative results in the form of a descriptive 

indicator to the qualitative responses of the 23 students surveyed, the researcher 

identified common phrases found in the student answers to the survey questions and used 

those for comparative analysis in the interpretation phase.  Students were asked three 

questions during the survey that allowed the researcher to understand their perspectives 

better related to how the Geometry in Construction class impacts student attitudes about 

learning, knowledge retention, and college and career readiness.  First, to understand 

student attitudes better about the GiC learning environment, the survey asked why 

students chose to take GiC instead of taking geometry in the traditional learning 

environment.  Regarding perspectives on knowledge retention, students were asked if 

they thought taking GiC would help them remember more math skills for a longer period 

of time compared to students taking traditional geometry.  They then had to explain their 

response.  Finally, to understand if students connect learning in the GiC classroom to 

college and career preparation, they were asked if they thought the design of the GiC 

class better prepared them for college and career success.  They were asked to explain 

their response. 

By highlighting common words and identifying synonyms among responses, the 

researcher was able to develop consistent terms and phrases to use in interpreting the 

results of the qualitative survey.  For example, when asked why they were taking GiC 

instead of traditional geometry, students answered in their own words, “I heard it was 

more of a hands-on class,” “I learn better by doing than just by hearing,” and “I like the 

idea of applied math and hands-on projects.”  Those responses were categorized together 
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by the researcher under the phrase “hands-on learning” to develop common language 

used for interpretation.  Converting student responses to common language and themes in 

this fashion, the researcher found 18 (78%) of the students surveyed felt they would 

retain more math knowledge for a longer amount of time than students taking traditional 

geometry.  Only 13 students (57%) felt the GiC class better prepared them for college and 

career endeavors after high school.  Regarding why students chose to take Geometry in 

Construction over the traditional math class, answers varied and gave the researcher 

insight into student attitudes about learning.  Twelve students stated they enjoy taking 

classes that are practical and provide hands-on learning opportunities.  Only three of the 

students surveyed have plans to explore a career in the construction field.  Five students 

elected to take the project-based class because they thought it would be more fun, and 

three of the students responded that they heard it was easier than traditional math. 

Bringing all of these data points together is necessary in order to provide evidence 

for the original research question regarding whether or not student perceptions aligned to 

their achievement scores as evidenced by the pretest-posttest data.  The researcher 

evaluated the results by comparing each component of the research question individually.  

Only 21 student responses were analyzed during this comparison due to the incomplete 

pretest-posttest data on two students.  Regarding the relationship between achievement 

scores and student perceptions on knowledge retention, a correlation was seen in 11 

student responses.  Ten of those 11 students believed they would remember more 

geometry for a longer amount of time than their peers in the traditional math classroom, 

and their achievement score data provided support.  One student countered that taking 

GiC would not help with mathematical knowledge retention.  When aligning that 



 

87 

student’s achievement scores with their survey response, their scores indicated a negative 

correlation: they did not feel their knowledge would improve and their pretest-posttest 

data showed a decline in scores.  The other 10 students did not exhibit a correlation 

between their achievement test scores and their opinions about knowledge retention in the 

GiC classroom.  Figure 3 represents this comparison. 

 

 

Figure 3.  Comparison of student perceptions (N = 21) on knowledge retention and 
achievement scores. 
 
 

Another component of the mixed methods research question was designed to 

investigate a comparison of the student achievement data with student perceptions on 

their preparation for college and career goals after high school.  Figure 4 provides a 

visual representation of the comparison made.  Results indicate nine students showed a 

correlation between their perspectives on college and career readiness and their pretest-

posttest scores.  Eight of those nine students felt the Geometry in Construction class 

would better prepare them for college and career goals, and those eight students showed 
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gains in their achievement test scores.  The other student’s test scores declined yet 

correlated to their opinion that the GiC class would not better prepare them for college or 

a career.  Twelve remaining students in this comparison had qualitative responses that did 

not correlate to their achievement test scores. 

 

 

Figure 4.  Comparison of student perceptions (N = 21) on college and career readiness 
and achievement scores. 
 
 

The third component of the mixed methods research question was related to 

student attitudes about learning and how those attitudes are related to achievement scores.  

Qualitative data was collected through electronic survey in response to a question asking 

students why they elected to take the Geometry in Construction class over the traditional 

class.  Student responses were categorized into common terms that emerged during data 

analysis.  Quantitative results were then aligned to the responses to look for any 

correlation.  Figure 5 illustrates the comparison of quantitative data to student attitudes 

about learning in the GiC classroom.  Fourteen students were determined to have a 

positive correlation between their attitudes about the GiC class and their pretest-posttest 
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improvement.  Additionally, 11 of those students indicated that their interest in the class 

was driven by the fact that it is hands-on, practical, and aligned to career skills.   

 

 

Figure 5.  Comparison of student perceptions (N = 21) on attitudes about learning and 
achievement scores. 
 
 

In order to bring together all of the data collected to provide evidence for the 

mixed methods research question accurately, the researcher re-evaluated the joint display 

containing each qualitative component and identified seven students who exhibited a 

fully aligned correlation between achievement test scores and all qualitative responses.  

Each of these seven students showed improvement on their posttest scores and indicated 

perceptions about the learning environment that aligned with the idea the integrated, 

project-based nature of the GiC classroom 

 would help them retain math content knowledge better than their peers,  

 would prepare them for college and a career, and  

 would be taught in a way that reinforces their attitudes about the learning 

environment. 
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Summary 

 Throughout the course of the 2014-2015 academic school year, students in both a 

traditional geometry class and a hands-on, project-based Geometry in Construction class 

were participants in a study designed to investigate the relationship between math 

instructional delivery and student achievement.  Through quantitative data collection and 

analysis, pretest-posttest evidence supported the hypothesis that Geometry students who 

are instructed in an integrated, project-based learning environment achieve at a higher 

level on posttests than students who receive instruction in a traditional learning 

environment.  Qualitative data was collected on student perceptions about their learning 

environment in the Geometry in Construction classroom and how it relates to knowledge 

retention, attitudes about learning, and college and career preparation.  Classroom 

observations, student survey responses, and a focus group interview provided a variety of 

perspectives on whether or not students perceived the GiC classroom as one that would 

prepare them for success after high school.  Overall, students in the GiC classroom were 

not unified in their confidence related to how well they were being prepared for success 

in math beyond the GiC class.  However, in relation to knowledge retention specifically, 

data supported that students who learned content in a hands-on, project-based, real-world 

context performed better on a computer adapted posttest than students who learned in a 

traditional classroom.  Additionally, almost half of the students from the experimental 

group who showed a significant increase in their posttest scores felt, when surveyed, they 

would do significantly better in retaining knowledge due to the differences in their 

learning environment.  They considered the GiC learning environment “fun” and “hands-

on” and “practical.”  Though not all student perspectives matched their knowledge 
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retention as evidenced by the joint analysis of data, studies show when students are 

interested in what they are learning and can apply that learning in a real-world context, 

they have a better chance of being successful in both the short term and long term 

application of that knowledge (Conley, 2010; Drake & Burns, 2004; National Research 

Council, 2000). 
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CHAPTER FIVE 

Discussion 

 
 When students are interested in what they are learning and can apply that learning 

in a real-world context, they have a better chance of being successful in both the short 

term and long term application of that knowledge (Conley, 2010; Drake & Burns, 2004; 

National Research Council, 2000).  This bold yet logical paradigm on educational 

approach motivated the researcher to consider student interest as one of the variables of 

this study.  An additional focus on instructional design and its impact on student 

preparation for college and career success was incorporated into the study along with an 

analysis of student achievement scores through pretest and posttest data. 

 
Research Design 

In this convergent parallel mixed methods study, both quantitative and qualitative 

data were collected in order to develop a more complete understanding of how integrated, 

project-based instruction impacts student success in geometry classes in a Central Texas 

high school.  As seen in the review of literature (Green & Joseph, 2011; Hoachlander, 

2008; Oakes & Saunders, 2007), research supports the idea that students are better 

positioned to retain what they are learning if they can apply their knowledge in a real 

world context.  Investigators using theoretical research and experimental studies have 

looked at the impact of integrated learning environments on student preparation for 

postsecondary success (Drake, 2007).  This study was designed to investigate at greater 
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depth the correlation between an integrated learning environment in Geometry and 

college and career readiness as defined by Conley (2010). 

 A mixed methods approach to compare two groups of students, quantitatively and 

qualitatively, learning geometry in two different instructional environments was utilized.  

Achievement scores collected through an online assessment were correlated with focus 

group and classroom observation data about learning styles and knowledge retention.  

Both sets of data were used to provide a triangulated, holistic view of learning as it 

relates ultimately to postsecondary preparation through enhancement of key content 

knowledge and key cognitive strategies–two of Conley’s (2010) dimensions of college 

and career readiness. 

College and career readiness is not defined by meeting standards on state 

assessments; rather, it considers the learning that students experience throughout their 

entire education process (Daggett, 2008).  Relevant learning opportunities where subject 

areas are linked and involve connections to both work and personal experiences 

contribute to a more meaningful educational learning experience (National Conference of 

State Legislatures (2017).  Though analyzing achievement data was a large portion of this 

study, the true value of that data was found when it was placed in context with student 

experiences and perceptions about their learning.  Little research has been done to 

recognize, acknowledge, and understand the perceptions of students who are learning in 

these varied environments.  Therefore, the purpose of this study was to investigate and 

corroborate the relationship between mathematical instructional design and student 

achievement using qualitative data representing student perceptions about the learning 

environment. 
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Summary of Findings 

 This study was driven by an overarching question: What is the impact of 

instructional design on student interest and achievement?  To address this question, sub-

questions for each research phase were developed.  Each question that guided the study is 

found below along with a summary of the results used to answer the question. 

 
Research Questions 

 
Qualitative phase. What are student perceptions regarding the effectiveness of 

instructional delivery models as they relate to learning, knowledge retention, attitudes 

about learning, and college and career readiness? 

Student perceptions related to the integrated, project-based Geometry in 

Construction learning environment were quite varied.  Several students from the focus 

group interview spoke positively about the hands-on and practical approach to learning; 

however, a few students were skeptical about the scope of the content being learned as 

compared to the traditional mathematics classroom.  One student, Daniel, shared the 

Geometry in Construction class was probably teaching “easier math” and the traditional 

class was likely learning different topics.  Another student, Felicia, said she did not feel 

as prepared going in to her next level math class the following year.  She went on to say 

there were probably lots of things she could have gotten out of regular geometry class 

that she missed out on in GiC.  In actuality, the Geometry in Construction class covered 

the exact same standards as the traditional geometry class but in a different sequence.  

The standards were embedded in a real-world context designed for the GiC project-based 

learning environment.  Larmer, Mergendoller, and Boss (2015) talk about the necessity of 
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aligning project-based learning activities to standards so students acquire the knowledge 

and skills expected.  The GiC course design ensured all mathematical standards required 

of geometry students were included.  Some students, however, felt they were not learning 

all they needed to. 

During the focus group interview, a couple of students spoke up about how they 

felt the GiC class benefited them in several ways.  Gabe said he prefers learning math 

through “application and projects” because “math is boring” otherwise.  Relating to 

benefits outside of the classroom, Allen stated everything they were learning in the GiC 

class was “stuff they could actually use in the real world.”  Active learning provides an 

engaging approach that can help students find excitement in their learning.  Applying 

concepts through project-based learning scenarios helps build connections between 

abstract content ideas and real life (Yoshikawa & Bartholomew, 2017).  Part of the 

success behind an instructional environment such as GiC is the level of motivation it 

generates within students.  Motivated students tend to be more engaged in school and 

work with improved attitudes to develop skills that are transferrable to college and career 

environments (Larmer et al., 2015). 

Overall, when asked if they feel prepared for success taking GiC over traditional 

geometry, students indicated they feel prepared for career-related skills and for soft skills 

such as working as a team and communication.  They do not feel as confident about 

being prepared for a college entrance exam such as the ACT®, or for taking a higher 

level math the next year.  This perceptual disconnect could be due to their belief that they 

are not learning the same standards as students in the traditional geometry classroom.  

Additionally, students are accustomed to learning from textbooks and being assessed on 
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content in isolation rather than in application.  According to the College Board (2017b), 

the 2016 redesign of the SAT Math Test put an emphasis on problem solving within a 

real-world context.  Questions are actually designed to mirror the problem solving 

students will use in both college courses and in their career.  To this end, the project-

based, integrated learning approach taken in the GiC classroom seems to be aligned to 

preparing students adequately for success in future classes and in the real world, even if 

they do not recognize it.  The results used to provide evidence for this qualitative research 

question were broad and diverse; however, the researcher was able to get perspectives 

from a variety of students taking the GiC class.  This student insight is important; it 

provides viewpoints across the spectrum that can help educators not only design lessons 

that create a relationship between academics and application, but help students recognize 

the value in those lessons. 

 
Quantitative phase. What is the relationship between instructional design and 

student achievement for high school Geometry students? 

 Directional hypothesis: Geometry students who are instructed in an integrated, 

project-based learning environment achieve at a higher level on posttests than 

students who receive instruction in a traditional learning environment. 

Through the use of pretest and posttest data from students in both a traditional 

geometry class and the Geometry in Construction class, evidence from the experimental 

group’s improvement from pretest to posttest did show a statistical significance; 

therefore, proving the hypothesis that Geometry students who are instructed in an 

integrated, project-based learning environment achieve at a higher level on posttests than 

students who receive instruction in a traditional learning environment.  This conclusion is 
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strengthened by findings in the review of literature indicating students are successful 

when they can connect learning through the overlapping and reinforcement of multiple 

subject areas (Bond & Navarra, 2012; Daggett, 2008; National Research Council, 2000).  

The gains in posttest scores by the experimental group do point to a need for further 

exploration into the academic benefits of providing a learning environment aligned to 

college and career ready ideals such as problem solving in real-world context. 

The results of this phase of the study take into account the achievement levels of 

the participants as they relate to taking one type of standards-based test on a pre-assigned 

school day.  This measure is useful as a data point for the purposes of testing the 

hypothesis in this study; however, it is narrow in scope when considering the many ways 

student achievement can be defined.  Multiple choice tests are not designed to test other 

identified measures of student achievement such as communication, the ability to work in 

groups, or problem solving.  That does not mean they are not a valuable gauge of student 

learning (Boykin & Noguera, 2011). 

When studying students who learn in a project-based classroom environment, a 

significant improvement in pretest-posttest achievement scores supports the theory that 

the instructional environment positively correlates with student success.  The effect of 

project-based learning on student achievement was investigated in a two-year study 

conducted by Geier et al. (2008) in Detroit, Michigan.  The researchers concluded 

students in a project-based experimental instructional environment scored significantly 

higher on the Michigan Assessment of Educational Progress as compared to students who 

had learned in the traditional science classroom.  The Detroit study took into 

consideration other factors that could have contributed to the results such as teacher 
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professional development and administrative support.  The findings of the Detroit study 

parallel the results of the current study and further strengthen support that instruction 

designed around projects representing real-world connections enhances student 

achievement. 

It is imperative to consider the likelihood that additional contributing factors 

impact achievement scores.  As such, the quantitative results from the current study are 

best considered in conjunction with the qualitative data representing student experiences. 

 
Interpretation phase.  To what extent do student achievement scores agree with 

student perceptions regarding how an integrated, project-based learning environment 

impacts knowledge retention, attitudes about learning, and college and career readiness? 

Regarding the relationship between achievement scores and student perceptions 

on knowledge retention, 10 of the 23 students analyzed in the interpretive phase of the 

study believed they would remember more geometry for a longer amount of time than 

their peers in the traditional math classroom, and their achievement score data supported 

this perception.  In looking at student perceptions and how they correlate to college and 

career preparedness, eight of the 23 students felt the Geometry in Construction class 

would better prepare them for college and career goals, and those students showed gains 

in their achievement test scores.  Overall, 14 students were identified as having a positive 

correlation between their attitudes about the GiC class and their pretest-posttest 

improvement with 11 of those students indicating their interest in the class was driven by 

its hands-on, practical, career-driven approach. 

These results provide evidence to support the effective impact that integrated, 

real-world, project-based learning has on student success.  Efstratia (2014) states students 
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have the opportunity to transform themselves through project-based learning in a way 

that allows them to solve problems while working collaboratively.  This experiential 

learning provides connectivity to the real world and reinforces cognitive skill 

development, one of Conley’s (2010) dimensions of college and career readiness.  

Further, student success after high school has more to do with attitudes, habits, and skills 

than it does with traditional academic knowledge (Larmer et al., 2015).  Employers want 

to see students know how to think critically, solve complex problems, communicate 

effectively, and evaluate information from multiple sources.  Helping students recognize 

those skills within an integrated, real-world classroom environment can help them 

connect their learning to its benefits. 

 
Limitations 

Several challenges are associated with the convergent parallel design.  The 

researcher must be able to conduct two independent strands of research within the same 

timeframe.  Additionally, the data sets may be difficult to merge in a meaningful way and 

the researcher may be faced with contradictions if the two data sets do not agree or align 

as originally predicted (Creswell & Plano Clark, 2011).  Interpretation of one data set 

could create bias during the interpretation of the second data set.  Also for consideration, 

a researcher collecting data in their own working environment can pose concerns related 

to reliability and validity.  Overall, several limitations to this study need to be considered. 

 
Researcher Bias 

Though employed by the school district as a program coordinator for one of the 

areas being investigated, this study was designed with measures in place to ensure 
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students were not influenced in their interview and focus group responses.  Students, 

however, were aware of the researcher’s relationship to the school district and that could 

have added pressure to answer one way or the other on questions asked during the focus 

group.  The results of this study may be used to determine the effectiveness of the 

Geometry in Construction program in order to determine whether or not to continue 

offering it in the district program of study; therefore, it was in the researcher’s best 

interest to be completely unbiased when conducting the study.  Additionally, the 

researcher had no influence on student grades or testing outcomes.  For the quantitative 

portion of the study, the researcher was completely removed from the pretest and posttest 

environment so as not to disrupt the routine of the teacher giving a classroom assessment. 

 
Ethics 

Ethical issues can arise at any stage in a research study and must be accounted for 

before beginning any data collection.  Prior to the start of this study, approval from the 

Institutional Review Board at Baylor University was sought.  Permission to conduct this 

study was received by the school district, the campus administration, the students in both 

the control and experimental learning environments, and their parents.  All participants 

and institutional leaders were made aware of the purpose of the study and were reassured 

that the design of the study was conducive to protecting sensitive student data, in 

adherence to the Family Educational Rights and Privacy Act (1974), and the fidelity of 

the learning environment.  Student involvement or declined participation in the study had 

no impact on the grades assigned for the academic or elective courses. 
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Assessment Tool 

 The use of the Renaissance Learning STAR Math™ assessment tool presents 

another limitation of the study.  It is unknown how closely aligned this assessment is to 

universally accepted college readiness measurements.  Although the content included in 

the test design was inclusive of all learning standards (Texas Essential Knowledge and 

Skills for Geometry) that were covered in both the traditional geometry class and the 

Geometry in Construction class at the time of the test, there is no way to determine how 

well the assessment tool evaluates a student’s potential to be successful in college.  

Additionally, the level of student commitment to giving their best effort on this test 

cannot be determined.  These limitations point to the value in considering a future study 

using a tool such as the TSI Assessment that has been proven to align to college readiness 

measurements.  Though the quantitative portion of the study was concluded using pretest 

and posttest achievement data collected from the Renaissance Learning STAR Math™ 

test, the interpretive phase of the study could have been negatively impacted if students 

struggled to connect their performance on the assessment with their perceptions on being 

college ready. 

 
Generalizability 

 The Geometry in Construction program is a uniquely designed structure that is not 

widely available in high school course offerings.  Though specific in its design, the 

program represents a broader concept of collaboration between core academic courses 

and elective career-based courses.  The researcher has attempted to highlight the natural 

alignment in content and application so as to help applicability to other programs. 
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Sample Size 

 Though sufficient for statistical analysis, the small sample size used for the 

quantitative portion of this study limits the scope of the study to just two teachers and one 

school.  An expanded study collecting data from several schools offering the Geometry in 

Construction program would increase validity of the findings and minimize the 

possibility that factors related to teacher efficacy, for example, influenced student results.  

Additionally, the 23 students who elected to complete the questionnaire in the qualitative 

phase of the study may represent a certain type of student as willing participants and may 

not be representative of the whole population.  The same holds true for students who 

were committed to bringing back consent and assent forms at the beginning of the study. 

 
Implications 

 This study served as an evaluation of the Geometry in Construction program at 

one Central Texas high school and determined a positive relationship exists between 

learning in a project-based, integrated classroom and student achievement.  Based on 

information provided by the developers of the GiC program during teacher trainings, the 

integrated design model is intentionally aligned to college and career readiness ideals 

similar to those outlined by Conley (2010): problem-solving, collaboration, and learning 

in context.  A variety of resources support the idea that integrated, project-based learning 

in a real-world context provides authentic opportunities for students to learn content in a 

transferrable way that will benefit them in any college and career endeavor (Conley, 

2010; Drake & Burns, 2004; Green & Joseph, 2011).  The current study results add to 

literature evidence related to the correlation between these learning environments and 

student achievement while taking into account student perspectives on what they are 
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learning.  Educational practitioners will find this especially valuable as they consider 

innovative approaches to instructional design, classroom environments that more 

effectively meet the needs of all students, professional development that helps teachers 

work toward closing the achievement gaps, and learning opportunities that engage 

students in taking ownership of their educational growth. 

 Student feedback provided in the qualitative portion of this study shows students 

want learning to be fun and relevant.  They do not always recognize the correlation 

between real world application of learning and rigor, however, and seem to think that 

learning in a fun environment may not necessarily be preparing them for college success.  

Goodwin and Hein (2016/2017) reference a trend being noticed across the United States 

where students are demonstrating high levels of mathematics comprehension by learning 

through programs that use problem-solving approaches designed to include open-ended, 

multifaceted situations that can be solved in various ways.  Their findings equate the 

learning environments mentioned in the referenced study as similar to those used in 

colleges such as MIT.  A program like Geometry in Construction seems to represent the 

type of environment referenced in this contemporary study and highlights the value of 

integrating relevant experiences that allow students and teachers both to find 

collaboration opportunities across content area lines. 

 Using a mixed methods approach to this research where data was collected in 

both qualitative and quantitative formats made this study stronger.  The data collected in 

each phase alone would not have been as valuable in contributing to filling the gap in 

literature related to integrated learning focused on preparing students for successful 

postsecondary transition.  The quantitative results validate the impact a hands-on, 
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relevant learning environment has on knowledge retention while the qualitative results 

reinforce the role student attitudes play in learning. 

 Based on the findings of this study, the researcher recommends: 

 Schools identify other programmatic partnerships that provide student benefit 

if designed as an integrated, project-based learning environment.  For 

example, a language arts course could partner with a class in entrepreneurship 

to integrate marketing principles with communication strategies in a work-

based learning context (Quinlan & McLane, 2017). 

 Campuses commit to training all teachers in project-based learning strategies 

through meaningful professional development so that, even within the single 

context of their own content area, teachers could layer 21st century skills into 

deeper learning strategies, possible internships, and portfolio development.  

The American Institutes for Research in 2013-2014 studied a group of schools 

known for their project-based learning focus and found student achievement 

scores were higher and reported higher levels of collaboration skills, academic 

engagement, and motivation to learn (Larmer et al., 2015). 

 State and federal legislators and policy makers provide greater flexibility to 

school districts related to facility design and instructional resource allocation.  

More local discretion surrounding expenditures could allow for creative, 

innovative attempts at breaking down barriers between academic departments 

leading to cross-curricular learning. 

 Partnerships between schools and business partners would enhance the 

connections students make between what they are learning and how it will be 
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used in the real world.  Using the idea of Geometry in Construction, students 

could partner with a community organization like Habitat for Humanity or a 

local charity to build wheelchair ramps on homes that are not equipped to 

meet the needs of their residents.  Businesses could invite students in for job 

shadowing or internships where students could learn skills in context of how 

they will be utilized in the career field. 

Each of these recommendations are supported by the study’s findings that 

students are successful in knowledge retention and college and career readiness skill 

attainment when they are exposed to learning in a real-world context.  Through the use of 

both qualitative and quantitative data collection and analysis, results indicate students 

benefit from learning in an environment that is rigorous, relevant, and engaging as 

supported by Daggett (2008). 

 
Future Research 

Based on the findings, limitations, and implications from this study, the researcher 

suggests the following endorsements for further study. 

 Include Geometry in Construction programs across the state and nation to lend 

stronger validation to the achievement levels of students enrolled in the 

program. 

 Study other integrated learning designs to provide insight into the various 

ways to blend learning environments to bring relevance to student learning. 

 College readiness skills embedded in an integrated curriculum might be better 

assessed if isolated from a career-focused context so the career connections do 

not cloud student interest or disinterest. 
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 Conduct a follow-up study of the experimental group to look at math scores 

on college entrance exams such as the TSI Assessment, the ACT, or the SAT 

in order to evaluate continued achievement. 

 Consider student perceptions from the traditional learning environment as 

they relate to knowledge retention, attitudes about learning, and college and 

career preparation. 

 Investigate student attitudes about mathematics and how these might impact 

how students select mathematics courses during academic advisement. 

 In connection with the research of Albert Bandura, further explore student 

perceptions related to self-efficacy and its impact on long term experiences. 

 Examine the impact of socioeconomic status, gender, ethnicity, or race on the 

effectiveness of a hands-on, career-based, integrated learning environment. 

 Examine career-centered soft skills or hard skills related to employability. 

 Explore other models of STEM education where math is a prominent 

component in the instructional design. 

 
Conclusion 

 With an increasing focus on postsecondary readiness for all students, teachers 

need to find ways to expose students to content in meaningful, relevant ways that help 

students retain knowledge for future use.  Schools must support teachers in this endeavor 

while also meeting the needs of an expanding list of mandates.  Combining resources and 

realigning curriculum between different yet complementary courses can create a unique 

integrated learning opportunity for students.  Layering in project-based learning that 
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requires application and problem solving strategies enhances connections to increase the 

likelihood that learning is transferrable to new contexts. 

The findings of this study provided evidence for the original driving question, 

“What is the impact of instructional design on student interest and achievement?”  In 

order to achieve the highest levels of rigor and relevance, students must be able to apply 

knowledge across disciplines and to real-world situations, both predictable and 

unpredictable.  College and career readiness is not defined by academic measures alone; 

rather, it considers the learning that students experience throughout their entire education 

process–learning that is valued at a rigorous and relevant level (Daggett, 2008).  All 

knowledge is embedded in other knowledge; therefore, providing a means to allow 

subjects to overlap and integrate provides a better, more connected understanding (Bond 

& Navarra, 2012).  Career education is more than just studying occupations in secondary 

schools; it provides a context within which students can experience the practical side of 

learning (Green & Joseph, 2011).  No matter their postsecondary goals, whether college, 

trade school, or on-the-job training, every student will benefit from preparation geared 

toward being career ready. 
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Figure A.1. Diagram for convergent parallel case study research design. 

QUAL 
 

data 
collection 

QUAL 
 

data 
analysis 

QUAN 
 
data 
analysis 

QUAN 
 

data 
collection 

Compare 
Results 

Interpret 



 

111 

 

 

 

 

 

 

 

 

 

APPENDIX B 
 

IRB Exemption 
  



 

112 

    

INSTITUTIONAL REVIEW BOARD

One Bear Place #97310 Waco, TX 76798-7310 · (254) 710-3763 · FAX (254) 710-7309 · WEBSITE: www.baylor.edu/research/irb 

 

DATE: 08/15/2014 
    
TO: Ashley Canuteson 

FROM: Office of the Vice Provost for Research, Research Compliance 
Baylor University Institutional Review Board 

    
STUDY TITLE: Integrated, Project-Based Learning and Knowledge Retention: a 

Mixed Methods Study Comparing High School Students in 
Two Geometry Courses 

IRB REFERENCE #: 645888 

SUBMISSION TYPE: New Project 
    
ACTION: DETERMINATION OF EXEMPT STATUS 

DECISION DATE: 08/15/2014  
    
REVIEW CATEGORY: Exemption category 45 CFR 46.101(b)(1) 

 

Thank you for your research study submission. Your research has been determined to be 
EXEMPT from IRB review according to federal regulation 45 CFR 46.101(b): 

(1) Research conducted in established or commonly accepted educational settings, 
involving normal educational practices.  

This exemption determination is based on the protocol and/or materials submitted. If the 
research is modified, you must contact this office to determine whether your research is 
still eligible for exemption prior to implementing the modifications.  
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If you have any questions, please contact Deborah Holland at (254) 710-1438 or 
Deborah_L_Holland@baylor.edu. Please include your study title and reference number in 
all correspondence with this office.  

 

Sincerely,  

 

 
Deborah L. Holland, JD, MPH 
Assistant Vice Provost of Research 
Director of Compliance 
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September 10, 2014 
 
Students, 
 
My name is Ashley Canuteson and I work for Midway ISD as the College and Career 
Readiness/CTE Coordinator. I also attend Baylor University and am working to complete 
my doctoral degree by August 2015. 
 
I am working on a research project for my doctoral dissertation where I plan to compare 
the similarities/differences between traditional Geometry classrooms and project-based 
Geometry in Construction classrooms… and I want you to be a part of this opportunity! 
 
Attached you will find a formal assent form that seeks your willingness to participate in 
the study. There will be very little – if any – disruption to your classroom learning 
environment and your grades will not be affected by your decision to decline or 
participate. I will mainly be observing your class and using test scores provided by your 
teachers. For students taking Geometry in Construction, I may ask you to be involved in 
a small group interview to get your opinion on certain aspects of the classroom and 
learning. If you are asked, you can decline at that time even if you agree to participate in 
other areas of the study. 
 
Your names and all information will be kept confidential and no identifying information 
will be included in the final written product. Please look over the attached assent form, 
print your name in the appropriate space, select your choice, then sign, date, and return 
to your teacher. 
 
Thank you for considering this request!  I look forward to seeing you in action in your 
Geometry classrooms this fall! 
 
Sincerely, 
 
 
Ashley Canuteson 
  

Ashley Canuteson, Coordinator for College & Career Readiness/CTE 

Midway Independent School District  |  13885 Woodway Drive  |  Woodway, Texas 76712  |  

254-761-5613 

Administration 
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Baylor University 
Certification of Informed Assent 

Principal Investigator: Ashley Canuteson 
 
This form seeks student permission for participation in a research project at Midway 
High School. The goal of the research project is to compare student opinions, student 
achievement, and learning environments in two Geometry classrooms. Research results 
will provide helpful input that will assist the district in making decisions related to classes 
and learning. Student grades will not be impacted in any way whether they choose to 
participate or not. 
 
What will the research project look like? 
 

 Ashley Canuteson will observe in Geometry classes from September 2014 
through January 2015. These observations are focused on the learning 
environment itself and will not publically document any identifying 
information related to specific students/teachers. 

 Students will be taking a computerized test during September 2014 and January 
2015 that will be measuring math knowledge related to Geometry. The test will be 
given by either a math teacher or a math specialist. Test scores will be given to 
Ashley Canuteson in a report format so growth comparisons can be calculated and 
matched with student answers provided through interviews. The information used 
for the research project will not publically document any identifying 
information related to specific students/teachers. 

 Students in the Geometry in Construction classes will complete a questionnaire 
and may be asked to participate in an interview with several other classmates 
during September 2014 and January 2015. These interviews will be conducted by 
Ashley Canuteson and will include questions about how students perceive their 
classroom learning environment. The interviews may be audio recorded in order 
to transcribe student responses and will be kept confidential. All answers will be 
used for purposes of the study only and will not impact grades. 
 

There are no risks for participating in this study. Your participation is completely 
voluntary and there will be no negative consequence if you choose not to participate. 
Answers and names will be kept confidential and will not be cited in the study or possible 
future publications. All hardcopy data will be stored in a secure facility and all electronic 
data will be stored on the hard drive of the researcher’s password protected computer. 
After the study is complete, the hardcopy and electronic data will be destroyed after two 
years.  
 
This study meets the American Psychological Association’s standards for “Minimal 
Risk,” and poses no major risks or dangers to you as a participant. The interviews will be 
transcribed and evaluated in the coming months, and will be available for you to review, 
should you wish to see the outcome.  Please direct all inquiries to Ashley Canuteson, 
Coordinator of College & Career Readiness, Midway ISD, 13885 Woodway Drive, 
Woodway, TX 76712, 254-761-5613, ashley.canuteson@midwayisd.org. Inquiries may 
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also be made to Ashley Canuteson’s Baylor University Advisor, Dr. Sandi Cooper, 
Department of Education, Baylor University, One Bear Place #97314, Waco, TX 76798. 
Dr. Cooper may also be reached at (254) 710-3246. 
 
Inquiries regarding the nature of the research, your rights as a subject or any other aspect 
of participation can be directed to Baylor’s University Committee for Protection of 
Human Subjects in Research.  The chairman is Dr. David W. Schlueter, Ph.D., Baylor 
University, One Bear Place #97368 Waco, TX 76798-7368. Dr. Schlueter may also be 
reached at (254) 710-6920 or (254) 710-3708. 
 
I, ________________________________________________________, have read and 
understand this form, and am aware of my rights as a participant. Based on the 
information provided, 
  

□ I agree to participate in the study. 
 
□ I do not agree to participate in the study. 
 

I understand that a copy of this signed form will be provided to me. 
 
 
______________________________ ____________________________________ 
Name (signature)      (Date) 
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September 10, 2014 
 
Parents, 
 
My name is Ashley Canuteson and I work for Midway ISD as the College and Career 
Readiness/CTE Coordinator. I also attend Baylor University and am working to complete 
my doctoral degree by August 2015. 
 
I am working on a research project for my doctoral dissertation where I plan to compare 
the similarities/differences between traditional Geometry classrooms and project-based 
Geometry in Construction classrooms… and I am seeking your permission to allow your 
students to be involved in this opportunity! 
 
Attached you will find a formal consent form that seeks your willingness to allow your 
student to participate in the study. There will be very little – if any – disruption to your 
student’s classroom learning environment and your child’s grades will not be affected by 
your decision. I will mainly be observing classes and using achievement test scores 
provided by the Geometry teachers. For students taking Geometry in Construction, I may 
ask several to be involved in a small group interview seeking opinions on certain aspects 
of the classroom and learning. If your child is asked, they can decline at that time even if 
they agree to participate in other areas of the study. 
 
All names and information will be kept confidential and no identifying information will 
be included in the final written product. Please look over the attached consent form, 
print your student’s name in the appropriate space, select your choice on the back, then 
sign, date, and return to your child’s teacher. 
 
Thank you for considering this request!  We are lucky to have a great partnership already 
in place between Midway ISD and Baylor University, and I appreciate the opportunity to 
work on a project that will help our district programs! I look forward to seeing your 
students in action in the Geometry classrooms this fall! 
 
Sincerely, 
 
Ashley Canuteson 
  

Ashley Canuteson, Coordinator for College & Career Readiness/CTE 

Midway Independent School District  |  13885 Woodway Drive  |  Woodway, Texas 76712  |  

254-761-5613 

Administration 



 

121 

Baylor University 
Certification of Informed Consent 

Principal Investigator: Ashley Canuteson 
 
This form seeks parent consent for (print student name): 
__________________________________ to participate in educational research at 
Midway High School. The goal of the research is to compare student perceptions, student 
achievement, and learning environments in two Geometry classrooms. The study aims to 
investigate the impact of learning in a project-based, integrated classroom that allows 
students to immediately apply new knowledge in real-world applications. Research 
findings will provide beneficial input that will help inform district decisions related to 
curriculum and instruction. Student grades will not be impacted in any way whether they 
elect to participate or decline direct involvement in the research. 
 

 Classroom observations will be conducted by Ashley Canuteson during your 
child’s Geometry class from September 2014 through January 2015. These 
observations are focused on the learning environment itself and will not 
publically document any identifying information related to specific students. 

 Achievement data will be collected on a district assessment in a pretest-posttest 
format using the Renaissance STAR Math computerized program to determine 
Geometry achievement scores in September 2014 and again in January 2015. This 
is a typical assessment administered by the teacher or math specialist. It provides 
individual student data that helps the teacher tailor classroom instruction in order 
to meet the needs of each student. Ashley Canuteson will collect the assessment 
data report from the participating Geometry teachers for use in comparative 
analysis between classroom environments and will not publically document any 
identifying information related to specific students. 

 Students in the Geometry in Construction classes will be asked to complete a 
questionnaire and may further be asked to participate in a focus group interview 
with several other classmates during September 2014 and January 2015. These 
interviews will be conducted by Ashley Canuteson and will attempt to gain an 
understanding of student perceptions related to the design of the classroom 
learning environment. The interviews may be audio recorded in order to 
transcribe student responses. Audio documentation will be kept confidential, will 
be used for purposes of the study only, and will be deleted according to the 
timeframe outlined in the next paragraph. 
 

There are no physical or psychological risks for participating in this study. Having your 
child’s achievement test scores included in the study is completely voluntary. 
Additionally, your child’s participation in the focus group interviews, if selected to do so, 
is completely voluntary. Withdrawing from the research study will not result in any 
negative consequences for your child. Answers and participation will be kept confidential 
and responses will not be linked to your child personally; pseudonyms for all participants 
and sites will be used. All data collected will be completely confidential and 
anonymously coded to insure privacy of all participants. Names of participants will 
remain confidential and will not be cited in the study or possible future publications. All 
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hardcopy data will be stored in a secure facility and all electronic data will be stored on 
the hard drive of the researcher’s password protected computer. Upon completion of the 
study, the hardcopy and electronic data will be kept for no more than two years and then 
will be destroyed. Print documents will be shredded and audio and electronic documents 
will be erased or deleted. 
 
This study meets the American Psychological Association’s standards for “Minimal 
Risk,” and poses no major risks or dangers to your child as a participant. The interviews 
will be transcribed and evaluated in the coming months, and will be available for 
you/your child to review, should you wish to see the outcome.  Please direct all inquiries 
to Ashley Canuteson, Coordinator of College & Career Readiness, Midway ISD, 13885 
Woodway Drive, Woodway, TX 76712, 254-761-5613, 
ashley.canuteson@midwayisd.org. Inquiries may also be made to Ashley Canuteson’s 
Baylor University Advisor, Dr. Sandi Cooper, Department of Education, Baylor 
University, One Bear Place #97314, Waco, TX 76798. Dr. Cooper may also be reached at 
(254) 710-3246. 
 
Inquiries regarding the nature of the research, your child’s rights as a subject or any other 
aspect of participation can be directed to Baylor’s University Committee for Protection of 
Human Subjects in Research.  The chairman is Dr. David W. Schlueter, Ph.D., Baylor 
University, One Bear Place #97368 Waco, TX 76798-7368. Dr. Schlueter may also be 
reached at (254) 710-6920 or (254) 710-3708. 
 
Only you, as a parent or legal guardian, are capable under the law to consent to your 
child’s participation in this study. If you discern that your child is not comfortable with 
participating in the study, you may consider not consenting to your child’s participation 
in the study. 
 
I, the parent, have read and understand this form, am aware of my rights as a parent and 
my child’s rights as a participant. Based on the information provided, 
  

□ I agree to allow my child to participate in the study. 
 
□ I do not agree to allow my child to participate in the study. 
 

I understand that a copy of this signed form will be provided to me. 
 
 
 
_______________________________ ____________________________________ 
Parent/Guardian Name (signature)    (Date) 
 
 
_______________________________ ____________________________________ 
Ashley Canuteson, Baylor University & Midway ISD  (Date) 
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Electronic Survey for Experimental Group 
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APPENDIX F 

Semi-Structured Focus Group Interview Questions 
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1. How important is it for you to “see” math taking place through projects and other 

conceptual application activities? 

2. Do you prefer to learn math through “practice problems” or through “application 

and projects”? Why? 

3. Do you struggle when learning new math concepts or does math come easy to 

you? Explain. 

4. Do you think learning math in an environment like Geometry in Construction 

helps you do better on math tests such as chapter tests, district benchmarks, final 

exams, and college entrance tests? 

5. How do you think this type of blended learning environment (with team-teaching, 

group work, project-based) will affect you as a student moving forward? Explain. 

6. Would you take a class designed like this again? Why or why not? 
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