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Abstract 

 The purpose of this study was to determine if fifth grade students’ self-concept, 

value/importance, and interest in mathematics, science, and technology were different 

after the implementation of Project Lead the Way (PLTW) Launch.  An additional 

purpose of the study was to determine if the change in fifth grade students’ self-concept, 

value/importance, and interest in mathematics, science, and technology was affected by 

gender or the selected STEM units taught.  Fifth grade students from two elementary 

schools in the Center School District were administered a survey before and after the 

implementation of PLTW Launch.   

 The results of the data analysis revealed that fifth grade students’ self-concept, 

value/importance, and interest in mathematics, science, and technology was largely 

unchanged after PLTW Launch implementation.  Additional analysis determined that the 

change in fifth grade students’ self-concept, value/importance, and interest in 

mathematics, science, and technology after PLTW Launch implementation was also 

largely unaffected by gender and the selected STEM units taught.  Of the 27 hypotheses 

tested, only three hypotheses were supported by the data.  First, self-concept of science 

was significantly different after PLTW Launch implementation.  Second, self-concept of 

science was affected by gender.  Lastly, self-concept of mathematics was affected by the 

selected STEM units taught.    

 Due to the weak results of this study and the study lasting only one year, school 

leaders should not rely solely on this study to determine if PLTW Launch is their 

program of choice to improve student attitudes toward mathematics, science, and 

technology.  Additionally, school leaders should use caution when considering PLTW 
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Launch as the program of choice to increase female students’ attitudes toward 

mathematics, science, and technology.  School leaders should feel confident that making 

curricular changes to PLTW Launch to match state standards would not have adverse 

effects on student attitudes.  While professional development was not a variable in this 

study, due to the weak results, school leaders should provide extensive professional 

development when implementing PLTW Launch.     

 Recommendations for further research are to include a larger sample of students 

from multiple elementary grades.  Additionally, future research should utilize a mixed 

methods design to include interviews with students and teachers.  Future research should 

also include achievement data to allow the researcher to make comparisons with the 

current literature that is mostly achievement centered.  Lastly, future research should 

include an equivalent control group allowing the researcher to compare students’ 

attitudes after PLTW Launch implementation with students who did not experience 

PLTW Launch.   
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Chapter One 

Introduction 

 In 2005, 15 leading business groups organized a joint effort to ensure the United 

States remained superior in scientific and technology advancements.  The group 

established a clear and common goal “to double the number of science, technology, 

engineering and mathematics graduates with bachelor’s degrees by 2015” (Business 

Roundtable, 2005, p. 1).  Two years later in 2007, The Business Higher Education 

Forum, one of the original 15 business organizations, released a comprehensive report 

outlining specific strategies to reach their goal.  The roles and strategies produced by the 

Business Higher Education Forum (2007) focused on the three components of teacher 

recruitment, retention, and renewal. 

 The Business Higher Education Forum (2007) report failed to provide student 

strategies, specifically ways to create positive student attitudes toward mathematics and 

science.  This lack of student interest led to South Korea graduating as many engineers as 

the United States and China graduating four times as many engineers as the United States 

(Business Roundtable, 2005).  The statistics are even lower for women and minorities in 

the United States.  In 2012, women achieved 18% of all earned engineering degrees, 

while minorities accounted for only 13% (Hrabowski, 2015).  Something more than 

focusing on recruiting, developing, and retaining highly qualified mathematics and 

science teachers is necessary if the U.S. plans “to double the number of science, 

technology, engineering, and mathematics” (STEM) degrees (Business Roundtable, 2005, 

p. 1).   
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 In 2010, President Obama’s Council of Advisors on Science and Technology 

(PCAST) released a report that not only addressed teacher shortages in mathematics and 

science fields, but also included recommendations to improve student attitudes in 

mathematics and science (Executive Office of the President, 2010).  In the report, PCAST 

stated that there was a need to develop “STEM-related experiences that excite and 

interest students of all backgrounds” and “support states and school districts in their 

efforts to transform schools into vibrant STEM learning environments” (Executive Office 

of the President, 2010, p. iii).  PCAST released an additional report in 2012 outlining a 

strategy that would increase STEM-related degrees by one million over the course of 10 

years (Executive Office of the President, 2012).      

 While efforts have been made to improve STEM education in the United States, 

recent data suggested overall STEM education has remained stagnant (Kennedy & Odell, 

2014).  Project Lead the Way, Inc. (PLTW, 2014b), a 501(c)(3) nonprofit STEM 

organization, developed their first high school engineering program in 1997.  PLTW has 

since grown, expanding to all 50 states and providing programs for students in 

kindergarten through 12
th

 grade.  PLTW’s (2013) most recent program, PLTW Launch, 

was developed in 2013 and first implemented in 2014 for students in elementary school.  

The Launch program was PLTW’s first attempt at writing curriculum for elementary 

students.  Due to the recent inception of PLTW Launch, little research has been 

conducted showing program effectiveness related to student achievement and the change 

in student perceptions of self-concept, value/importance, and interest in the STEM fields 

after exposure to PLTW Launch.  
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Background 

 This study was conducted in the Center School District, a small urban district 

located in Kansas City, Missouri.  In 2015, the Center School District had an approximate 

enrollment of 2,400 PK-12 students.  The district reported 74.4% of their students 

received free or reduced lunch.  The student body was primarily minority with 63.5% 

Black, 19.1% White, 9.2% Hispanic, 6.4% Multiracial, 1.6% Asian, 0.1% Indian, and 

0.1% Pacific Islander (Department of Elementary and Secondary Education, 2015b).  In 

2015, the Center School District was comprised of one early childhood school, four 

elementary schools, one middle school, one high school, and one alternative middle and 

high school (Department of Elementary and Secondary Education, 2015a).  This study 

was conducted with fifth grade students in two of the four elementary schools, Center 

Elementary and Red Bridge Elementary.  The other elementary schools were not included 

in this study because the leadership of the school chose not to implement PLTW Launch 

or decided to implement PLTW Launch in third grade.  Table 1 contains the demographic 

information for Center Elementary and Red Bridge Elementary.  

  



4 

 

 

Table 1 

2015 School Demographics 

 Center Elementary Red Bridge Elementary 

Total Enrollment 330 252 

Ethnicity   

     Asian 0.3% 1.6% 

     Black 82.7% 27.8% 

     Hispanic 3.0% 15.5% 

     Multiracial 6.1% 6.3% 

     Pacific Islander 0.3% 0.4% 

     White 7.6% 48.4% 

SES Status   

     Free/Reduced 94.0% 43.0% 

     Full Pay 6.0% 57.0% 

Note. Demographic information for Center Elementary and Red Bridge Elementary contained in Table 1 

was retrieved from Missouri Department of Elementary and Secondary Education (Department of 

Elementary and Secondary Education, 2015a).  

 In the spring of 2015, Project Lead the Way, Inc. offered districts in the Kansas 

City metropolitan area grant opportunities to implement newly designed PLTW 

elementary curriculum.  The leadership of Center School District applied for the grant, 

and the district was awarded $12,000 to implement PLTW.  The district decided to 

implement PLTW in three of its elementary schools:  Bonne Elementary, Center 

Elementary, and Red Bridge Elementary.  Center Elementary and Red Bridge Elementary 
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used the allotted funds to purchase fifth grade resources while Boone Elementary 

purchased resources for third grade.  Remaining funds were used to train personnel.  

 PLTW (PLTW, 2014d) offers five programs with the first program, PLTW 

Launch, starting in elementary school.  PLTW (2014i) Launch is designed for students in 

kindergarten through fifth grade.  Along with building STEM knowledge and applying 

STEM skills, PLTW (2014i) Launch is designed to be an engaging curriculum that builds 

confidence in young learners and grows their interest in the STEM field.  The designers 

of PLTW (2014i) Launch created the K-5 program as a flexible and customizable 

curriculum.   

PLTW Launch curriculum includes 24 modules aligned to grade-level standards.  

The 10-hour modules are presented in pairs that combine to create a thematic unit.  

Teachers and schools have the flexibility to introduce the modules that they want, 

when they want, at the grade level they want. (PLTW, 2014j, para. 3) 

The Center School District and the two elementary schools that participated in the 

study chose to implement PLTW Launch using two implementation methods.  Center 

Elementary chose to use teacher discretion and implement a combination of modules that 

were designed for third and fifth grade students.  The third grade modules implemented 

were (1) Stability and Motion: Science and Flight and (2) Stability and Motion: Forces 

and Interaction.  The fifth grade modules implemented were (1) Robotics and 

Automation and (2) Robotics and Automation: Challenge (S. Rose, personal 

communication, May 3, 2016).  Red Bridge Elementary chose to implement the PLTW 

Launch fifth grade recommended modules.  Those four modules were (1) Robotics and 

Automation, (2) Robotics and Automation: Challenge, (3) Infection: Detection, and (4) 
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Infection: Modeling and Simulation (M. Fritz, personal communication, May 3, 2016).  

Center Elementary and Red Bridge Elementary implemented two modules that were the 

same (1) Robotics and Automation, (2) Robotics and Automation: Challenge (see 

Appendix A for a detailed description of the modules implemented).  

Statement of the Problem 

 The Business Higher Education Forum (2007) concluded, “American students 

today have limited interest in studying mathematics and science, and academic 

achievement in these two foundational disciplines is demonstrably low” (p. 4).  Concerns 

remained in 2013 when the National Center for Education Statistics (2013) reported that 

only 2-3% of college students entered a mathematics field.  Of the students pursuing a 

STEM field, only 40% graduated with an actual degree in a STEM field (Feder, 2012).   

 The problems appear to be exacerbated between males and females.  “At the 

higher education level, only 18.5% of bachelor’s degrees in engineering went to women 

in 2008” (Gonzalez & Kuenzi, 2012, p. 12).  In 2010, the President’s Council of Advisors 

on Science and Technology stated, “women are seriously underrepresented in many 

STEM fields” (Executive Office of the President, 2010 p. 3).  Furthermore, the authors of 

the report suggested that there was not only a STEM aptitude gap but also a STEM 

interest gap as females were far less likely to choose STEM majors in college (Executive 

Office of the President, 2010).   

 Simply stated, students in the United States are not interested in STEM careers 

(National Center for Education Statistics, 2013; Feder, 2012; Business Higher Education 

Forum, 2007; Business Roundtable, 2005).  STEM interest appears to be even less 

amongst female students (Gonzalez & Kuenzi, 2012; Executive Office of the President, 
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2010).  With the known relationship between self-concept, value/importance, and 

interest, it is important to determine if STEM programs, such as PLTW Launch, change 

students’ self-concept, how valuable and important they believe STEM to be, and their 

interest level in STEM subjects and STEM careers (Eccels & Wigfield, 2002; Wigfield & 

Eccles, 1983; Uguroglu & Walberg, 1979).    

 Proponents of PLTW (2014b) claim students who participate in PLTW in high 

school have more favorable attitudes toward STEM careers than students who do not 

participate in PLTW.  Due to the recent creation of PLTW (2013) Launch, Project Lead 

the Way, Inc. does not have data to support program effectiveness at the elementary 

school level.  Therefore, researchers were unsure if the PLTW Launch program had the 

same positive effects on student attitudes that the PLTW high school programs have.  The 

leadership of Center School District shared this same concern.  Furthermore, the 

leadership of the district was concerned whether the change in self-concept, 

value/importance, and interest in mathematics, science, and technology were significantly 

different between genders after the implementation of PLTW Launch.  Lastly, district 

leadership was unsure whether the modules selected for the fifth grade would affect 

student perceptions of self-concept, value/importance, and interest in the STEM fields.        

Purpose of the Study  

 The first purpose of this study was to determine if there was a difference in fifth 

grade students’ self-concept, value/importance, and interest in mathematics, science, and 

technology before and after implementation of PLTW Launch.  The second purpose of 

this study was to determine whether there was a difference in fifth grade students’ self-

concept, value/importance, and interest in mathematics, science, and technology before 
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and after implementation of PLTW Launch between genders.  The third purpose of this 

study was to determine whether there was a difference in fifth grade students’ self-

concept, value/importance, and interest in mathematics, science, and technology before 

and after implementation of PLTW Launch between the students who were taught the 

PLTW recommended curriculum and those who were taught modules using teacher 

discretion.   

Significance of the Study 

 With PLTW Launch curriculum being relatively new, there was no research 

supporting its effectiveness, especially in the area of increasing self-concept, 

value/importance, and interest in mathematics, science, and technology.  This study 

contributed to the research on the impact PLTW Launch has on students’ self-concept, 

value/importance, and interest in mathematics, science, and technology.  How proficient 

a student feels they are in a given subject, how important they view the given subject, and 

how interested they are in the given subject are important fields to research.  Eccles and 

Wigfield (2002) have shown that student perceptions of ability, importance, and interest 

predict their performance and career choices.  The results of this study were of 

importance to the Center School District because of the time, energy, and resources spent 

implementing the program at fifth grade.  District leadership hoped the results of the 

study would help them determine if the program had the desired results and should be 

expanded to other grade levels.  Results of this study were shared with Project Lead the 

Way, Inc. curriculum developers.  
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Delimitations 

 Following the advice of Lunenburg and Irby (2008), the following delimitations 

were identified and reported.   

1. PLTW Launch was the only formal STEM curriculum implemented during 

the study. 

2. Only fifth grade students from Center Elementary and Red Bridge Elementary 

in the Center School District were surveyed using an adapted survey from the 

University of Michigan’s Childhood and Beyond project (Gender & 

Achievement Research Program, 2015c).  

3. Only students’ self-concept, value/importance, and interest in mathematics, 

science, and technology were gathered using the adapated survey.  

4. Student gender was the only demographic variable utilized in the study. 

5. Data were only collected from students who completed pre- and post-surveys 

during the 2015-2016 school year.  

Assumptions 

 Following the advice of Lunenburg and Irby (2008), assumptions were 

operationalized for the purpose of this research.  The following assumptions were made 

for this study.   

1. All participants responded honestly and accurately to the adapted survey from 

the University of Michigan’s Childhood and Beyond project.  

2. Participants had no previous exposure to PLTW Launch.   

3. The sample was representative of the Center School District’s fifth grade 

population. 
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4. All survey data were gathered, recorded, and reported accurately. 

Research Questions 

 Past research (PLTW, 2014b) claims, students who participate in PLTW in high 

school have more favorable feelings toward STEM careers than students who do not 

participate in PLTW.  The research questions for this study were focused on determining 

the level of impact PLTW Launch had on fifth grade students’ self-concept, 

value/importance, and interest in mathematics, science, and technology.  The following 

research questions were used to guide this study: 

RQ1. To what extent is there a difference in fifth grade students’ self-concept of 

mathematics, self-concept of science, and self-concept of technology as measured before 

and after implementation of Project Lead the Way Launch? 

RQ2. To what extent is there a difference in fifth grade students’ 

value/importance of mathematics, value/importance of science, and value/importance of 

technology as measured before and after the implementation of Project Lead the Way 

Launch? 

RQ3. To what extent is there a difference in fifth grade students’ interest in 

mathematics, interest in science, and interest in technology as measured before and after 

the implementation of Project Lead the Way Launch? 

RQ4. To what extent is the change in fifth grade students’ self-concept of 

mathematics, self-concept of science, and self-concept of technology, as measured before 

and after the implementation of Project Lead the Way Launch, affected by gender? 

RQ5. To what extent is the change in fifth grade students’ self-concept of 

mathematics, self-concept of science, and self-concept of technology, as measured before 
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and after implementation of Project Lead the Way Launch, affected by the selected 

STEM units taught (PLTW recommended vs. teacher recommended)? 

RQ6. To what extent is the change in fifth grade students’ value/importance of 

mathematics, value/importance of science, and value/importance of technology, as 

measured before and after the implementation of Project Lead the Way Launch, affected 

by gender? 

RQ7. To what extent is the change in fifth grade students’ value/importance of 

mathematics, value/importance of science, and value/importance of technology, as 

measured before and after the implementation of Project Lead the Way Launch, affected 

by the selected STEM units taught (PLTW recommended vs. teacher recommended)?  

RQ8. To what extent is the change in fifth grade students’ interest in 

mathematics, interest in science, and interest in technology, as measured before and after 

the implementation of Project Lead the Way Launch, affected by gender? 

RQ9. To what extent is the change in fifth grade students’ interest in 

mathematics, interest in science, and interest in technology, as measured before and after 

the implementation of Project Lead the Way Launch, affected by the selected STEM 

units taught (PLTW recommended vs. teacher recommended)?   

Definition of Terms 

 According to Lunenburg and Irby (2008), key terms that allow for understanding 

and study replication should be defined.  The following definitions were used in this 

study: 
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 Interest. Interest is a general term used to describe how motivated an individual 

is to do a specific task, subject, or activity and how enjoyable an individual finds a 

specific task, subject, or activity (Denissen, Zarrett, & Eccles, 2007). 

 Project Lead the Way, Inc. (PLTW). An education company that provides 

STEM programs for students in kindergarten through high school (PLTW, 2014a).    

 Self-Concept. Self-concept is defined as how well an individual perceives they 

are at a specific task, subject, or activity (Denissen et al., 2007).  It is a general term with 

several “facets of the self that contribute to an individual’s general self-concept” (Ireson 

& Hallam, 2009, p. 201).  The different facets that contribute to an individual’s general 

self-concept are academic self-concept, social self-concept, emotional self-concept, and 

physical self-concept (Ireson & Hallam, 2009).   

 STEM. STEM is an acronym that represents the fields of science, technology, 

engineering, and mathematics (Gerlach, 2012).   

 STEM education. STEM education is an approach to teaching and learning that 

incorporates science, technology, engineering, and mathematics in an interdisciplinary 

fashion where students apply these specific disciplines to solve real-world problems 

(Tsupros, Kohler, & Hallinen, 2009). 

 Value/importance. Value and importance are interchangeable terms used to 

describe an individual’s perception of how significant a specific task, subject, or activity 

is (Eccles & Wigfield, 2002; Simpkins, Davis-Kean, & Eccles, 2006). 

Overview of the Methodology 

 A quasi-experimental research design was used in this study.  A survey was used 

to collect data to determine if the change in students’ self-concept, value/importance, and 
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interest in mathematics, science, and technology was significantly different between 

genders after PLTW Launch implementation.  The sample for the study was fifth grade 

students from an urban school district in Kansas City, MO.  Paired-samples t tests were 

conducted to address research questions one through three.  Two-sample t tests were 

conducted to address research questions four through nine.   

Organization of the Study 

 In the first chapter, an introduction to the study was presented, which included the 

background, problem, purpose, and significance of the study.  In addition, chapter one 

included the delimitations, assumptions, research questions, and the definition of terms.  

Lastly, an overview of the methodology was presented.  Included in chapter two is the 

important literature relevant to the study, including STEM education; Student Attitudes in 

Education; Self-Concept, Value/Importance, and Interest in STEM; and Project Lead the 

Way.  In chapter three, the methodology for the study is examined.  Chapter four includes 

the descriptive statistics and the results of the data analyses and hypothesis testing.  

Provided in chapter five is a summary of the study, the findings related to the literature, 

the implications for action, and the recommendations for future research.   
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Chapter Two 

Review of the Literature 

 STEM education, and the importance placed on it today, came from the concern 

that not enough Americans would have the necessary skills to fill future STEM jobs due 

to the low number of science, engineering, and mathematics degrees being obtained by 

U.S. students (Brown, Brown, Reardon, & Merrill, 2011; Business Higher Education 

Forum, 2007; Business Roundtable, 2005, U.S. Department of Education, Washington 

DC., 2000).  In addition, several research organizations were concerned the United States 

would lose its economic and educational competitiveness if STEM education continued 

to remain a low priority for educators and of little interest to students (Business Higher 

Education Forum, 2007; Business Roundtable, 2005; National Science Board, 2007).  To 

increase the number of students entering STEM fields, students need a positive self-

concept in STEM subjects and need to view this field as valuable and important.  The 

results of the research have concluded that how proficient a student feels they are in a 

given subject, how important they view the given subject, and how interested they are in 

the given subject predicts performance and career choices (Eccles & Wigfield, 2002).    

 The first purpose of this study was to determine the change in fifth grade students’ 

self-concept, value/importance, and interest in mathematics, science, and technology after 

implementation of PLTW Launch.  The second purpose was to examine if the change in 

self-concept, value/importance, and interest was significantly different between genders 

after implementation of PLTW Launch.  The third purpose of this study was to determine 

if the change in self-concept, value/importance, and interest in mathematics, science, and 

technology was affected by the selected STEM units taught (PLTW recommended vs. 
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teacher recommended).  Chapter two provides a review of the literature pertinent to this 

study, including STEM Education; Student Attitudes in Education; Self-Concept, 

Value/Importance, and Interest in STEM; and Project Lead the Way.   

STEM Education 

 STEM education was a popular buzzword that many educators chose to use when 

discussing their progressive school programs.  While STEM education has become a 

common term among educators, the definition and what STEM education encompasses is 

less than common (Brown et al., 2011).  One such definition is an interdisciplinary 

approach that is often described as a meta-discipline where educators are integrating what 

have traditionally been separate subjects into “a new coherent field of study” that requires 

“real-world, rigorous, relevant learning experiences for students” (Vasquez, 2014, p. 11).  

According to the Congressional Research Service in a report for Congress, STEM 

education is simply the act of teaching and learning in the fields of science, technology, 

engineering, and mathematics (Gonzalez & Kuenzi, 2012).  This definition is vague and 

allows for all teaching and learning in the areas of science, technology, engineering, and 

mathematics to be considered STEM.  ACT (2014) is more precise and explicit with its 

definition of STEM, but similar to the Congressional Research Service, it makes no 

mention of integrating the subjects.  Instead, ACT (2014) uses four categories to define 

STEM.  According to ACT’s (2014) definition, a student is participating in a STEM field 

if they are involved in science, computer science and mathematics, medical and health, 

and engineering and technology majors and occupations in their respective fields.  

 As more education systems join the STEM movement, it may be important for a 

common definition to be developed (ACT, 2014).  Without a common definition, 
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effectiveness from system to system might be challenging, and the likelihood of systems 

touting a strong STEM program, but, in turn, missing critical components may be high.  

A study conducted in the United States by Brown et al. (2011) found that only one-half of 

administrators, science teachers, and mathematics teachers who participated in the study 

were able to define STEM education.  Many of the participants reported that they were, 

“Initially unsure of the meaning of STEM education when they were contacted for this 

study, but later used the Internet to determine its meaning” (Brown et al., 2011, p. 7).  

With a plethora of definitions on the Web, several different perceptions, wrong or right, 

are being formed due to the lack of consistency and clarity.  An important note was that 

the administrators surveyed for Brown et al.’s (2011) study were in buildings with at least 

one educator enrolled in a STEM education and leadership program.    

 This notion of forming a common and shared understanding of STEM education 

was not only supported by President Obama’s Council of Advisors on Science and 

Technology (PCAST) but also extended to the idea that a common baseline for what 

students learn in STEM education should be adopted.  In a PCAST report produced in 

2010, the authors concluded that the nation would benefit from a common set of K-12 

STEM standards.  Furthermore, they argue that aligned assessments “that truly reflect 

what students need to learn” (Executive Office of the President, 2010, p. 39) would 

improve STEM education and provide a clearer description of STEM education.  

 An attempt to provide a clearer description of STEM education began in 2010 

with the Next Generation Science Standards (NGGS) that were officially completed in 

April of 2013 (NGSS Lead States, 2013a).  The Next Generation Science Standards were 

developed through a collaborative process with representation from the science 
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community and over 25 states (NGSS Lead States, 2013a).  When developing the 

standards, the authors used a three-dimensional approach.  The first dimension outlined 

practices or behaviors that “scientists engage in as they investigate and build models and 

theories about the natural world and the key set of engineering practices that engineers 

use” (NGSS Lead States, 2013b, para. 2).  Second, each standard listed crosscutting 

concepts that linked the different domains of the sciences (NGSS Lead States, 2013b).  

The last dimension focused the K-12 standards on what NGSS Lead States (2013b) 

believed to be “the most important aspects of science” (para. 5).  The Next Generation 

Science Standards are grouped into four domains: physical sciences; life sciences; earth 

and space science; and engineering, technology, and applications of science (NGSS Lead 

States, 2013a).  It is the fourth domain that connects STEM education to the standards 

and makes it a priority in the classroom. 

 Equally, if not more important to a clear and consistent definition of STEM 

education and clear learning targets, is the need for quality STEM teacher training 

programs.  Gillespie (2015) argued that too much emphasis is placed on STEM education 

curriculum and not enough attention on the educators themselves.  In his opinion, the 

nation is “building an edifice of courseware and curriculum without investing in the more 

crucial infrastructure of a national cadre of experienced and skilled educators who work 

together to change practice and lead improvement in their schools and beyond their 

classrooms” (Gillespie, 2015, p. 38).  Instead of continually providing better resources 

and curriculum with the idea of improving STEM education, Gillespie (2015) argued the 

focus should be on creating and sustaining STEM teacher leaders who develop and share 
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engaging pedagogy that inspires and motivates students to participate in STEM 

education. 

 One such program that aims to meet this challenge is the Knowles Science 

Teaching Foundation (KSTF).  KSTF (2015a) was founded in 1999 with four 

cornerstones to improving STEM education, which include (1) developing outstanding 

teachers, (2) being a catalyst for teacher leadership, (3) generating and sharing 

knowledge, and (4) building a national professional community.  The program is a five-

year fellowship designed to provide the necessary support for beginning mathematics and 

science teachers.  Through this fellowship, KSTF provides a comprehensive and cohesive 

professional development experience for their fellows (Gillespie, 2015).  When finished 

with the program, KSTF (2015b) fellows are equipped with skills that allow them to be 

successful in mentoring new teachers, piloting and testing curricular resources, leading 

professional development, and serving as a resource for the administration when 

developing school improvement plans.   

 Horizon Research Inc. has found promising results with the KSTF program.  With 

regard to the first cornerstone of the KSTF program, Horizon Research Inc. found that 

more than 87% of school leaders across the United States who have had experience with 

KSTF fellows felt that KSTF Fellows were in the top 25% of teachers with similar 

experiences, with at least half of the respondents rating KSTF Fellows in the top 5% of 

teachers with similar experiences (Jaffri & Banilower, 2014).  In relation to the second 

cornerstone of the KSTF program, Horizon Research Inc. found that 81% of school 

leaders felt that KSTF Fellows were in the top 25% of teachers with leadership skills 

(Jaffri & Banilower, 2014).  Horizon Research Inc. concluded that school leaders rated 
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KSTF Fellows in the top 25% as compared with other teachers regarding classroom 

practice, professional relationships with colleagues, and teacher leadership.  School 

leaders also felt they had an increased level of confidence with their KSTF fellows (Jaffri 

& Banilower, 2014).  

 Education systems must use effective STEM curriculum that is clearly defined 

and aligned with the core beliefs of STEM education ensuring an interdisciplinary 

approach where students are applying STEM skills to solve real-world problems (Tsupros 

et al., 2009).  However, an effective STEM curriculum is not enough.  Education systems 

must also ensure educators have been thoroughly trained and are capable of developing 

and sharing pedagogy that inspires and motivates students to participate in STEM 

education (Gillespie, 2015).   

 Status of STEM education in the United States. The United States has been 

examining its mathematics and science education status for over a decade.  Various 

reports, dated as early as 2000, from business and government organizations continually 

warn the United States that it is losing its “competitive edge in the global economy” due 

to its poor performance in mathematics and science (Kennedy & Odell, 2014, p. 248).  A 

report from the U.S. Department of Education (2000) included claims that students in the 

United States “are falling behind” and are “no longer ‘world-class learners’ when it 

comes to mathematics and science” (p. 4).  The U.S. Department of Education (2000) 

report included three goals and several action strategies that would improve mathematics 

and science instruction in the United States.  The three goals and action strategies 

concentrated on (1) improving K-12 instruction in the areas of mathematics and science, 

(2) increasing the number of mathematics and science teachers in K-12, and (3) making 
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the teaching profession more appealing for college students majoring in mathematics and 

science (U.S. Department of Education, 2000).   

 In 2005, a report published by The Business Roundtable included a similar 

disposition to the 2000 report written by the U.S. Department of Education.  The 

Business Roundtable (2005) report was written by 15 prominent business organizations, 

and like the mentioned U.S. Department of Education (2000) report, included a deep 

concern with the current mathematics and science education in the United States.  In 

addition to mathematics and science, the Business Roundtable (2005) report stated that 

there is a “critical situation in U.S.” technology and engineering with indicators ranging 

from “measurable declines in U.S. innovation, such as patents and scientific articles, to 

soaring numbers of students in Asia majoring in these fields, to U.S. students’ lagging 

interest and measured performance in math and science” (Business Roundtable, 2005, p. 

5).  

 As with the U.S. Department of Education (2000) report, the Business Roundtable 

(2005) report included a goal for the United States to “double the number of science, 

technology, engineering, and math graduates by 2015” (Business Roundtable, 2005, p. 

10).  To accomplish this goal, the Business Roundtable (2005) report provided five 

recommendations that focused on “critical areas that affect the choices made by students 

now in the pipeline” (Business Roundtable, 2005, p. 10).    

1. Build public support for making science, technology, engineering and math 

improvement a national priority.  
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2. Motivate U.S. students and adults to study and enter science, technology, 

engineering and mathematics careers, with a special effort geared to those in 

currently underrepresented groups. 

3. Upgrade K-12 math and science teaching to foster higher student 

achievement. 

4. Reform visa and immigration policies to enable the United States to attract 

and retain the best and brightest science, technology, math and engineering 

students from around the world to study for advanced degrees and stay to 

work in the United States. 

5. Boost and sustain funding for basic research, especially in the physical 

sciences and engineering. (Business Roundtable, 2005, pp. 10-13) 

 Like the U.S. Department of Education (2000) and Business Roundtable (2005) 

reports, the Business Higher Education Forum (BHEF) (2007) released a report stating, 

“American students today have limited interest in studying mathematics and science, and 

academic achievement in these two foundational disciplines is demonstrably low” (p. 4).  

The BHEF (2007) report included three recommendations that addressed factors that lead 

to a strong “mathematics and science teacher workforce” (p. 12).  First, BHEF (2007) 

recommended an increased effort to recruit mathematics and science teachers.  Second, 

BHEF (2007) recommended that strategies and programs be developed that will retain 

new and experienced teachers.  Third, BHEF (2007) recommended that educators be 

provided ongoing training to improve teacher effectiveness.   

 Ten years after the U.S. Department of Education’s (2000) report and 

recommendations, President Obama asked the President’s Council of Advisors on 
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Science and Technology (PCAST) to review the current status of STEM education and 

provide “specific recommendations concerning the most important actions that the 

administration should take to ensure that the United States is a leader in STEM education 

in the coming decades” (Executive Office of the President, 2010, p. vii).  The 2010 

PCAST report stated that little improvement had been made since the U.S. Department of 

Education’s (2000) report and that the U.S. education system is failing students in the 

areas of mathematics and science.  “International comparisons of our students’ 

performance in science and mathematics consistently place the United States in the 

middle of the pack or lower” (Executive Office of the President, 2010, p. v). 

 Similar to the other reports, the PCAST (2010) report provided President Obama 

with two main conclusions and seven recommendations (Executive Office of the 

President, 2010).  First, the authors of the report declared a need to “prepare all students, 

including girls and minorities who are underrepresented in these fields, to be proficient in 

STEM subjects” (Executive Office of the President, 2010, p. 11).  Additionally, the 

authors argued the need to “inspire all students to learn STEM and, in the process, 

motivate many of them to pursue STEM careers” (Executive Office of the President, 

2010, p. 11).  The second conclusion from the PCAST (2010) report was that the Federal 

Government needed to develop a coherent strategy with oversight from strong leadership.  

The authors urged President Obama to provide additional Federal funding to “transform 

STEM education” (Executive Office of the President, 2010, p. 11).  Furthermore, the 

authors of the PCAST (2010) report stated a need to identify proven programs that could 

be replicated and disseminated (Executive Office of the President, 2010).   
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 In addition to the two main conclusions, the PCAST (2010) report included seven 

recommendations that aligned with the report’s conclusions.  The recommendations 

urged for the continuing development of common standards in mathematics and science, 

improving teacher recruitment and retention, recognizing excellence in the classroom, 

using educational technology effectively, and providing students with STEM experiences 

outside of the classroom.  Additionally, the authors of the PCAST (2010) report advised 

educational systems to identify effective STEM schools that could serve as a model for 

new STEM schools.  Lastly, the authors believed it to be of major importance to develop 

and maintain strong leadership at the national level (Executive Office of the President, 

2010).   

 From 2000 to 2010, several major reports were produced, all of which were 

insistent that something be done with the nation’s education system, specifically in 

mathematics and science.  While there was much insistence to improve, there appeared to 

be little, if any, improvement from 2000 to 2010.  Each report produced made specific 

recommendations and established goals that must be reached if the United States wished 

to continue its economic growth and prosperity.  The final report discussed, PCAST 

(2010), connects the previous reports and translates “these ideas into a coherent program 

of Federal action to support STEM education in the United States” (Executive Office of 

the President, 2010, p. vii).   

 STEM Data up to 2010. Each of the four reports discussed in the previous 

section detailed past achievement data that raised concerns about the U.S. education 

system.  This section focuses on the specific data each report used to support its 

conclusions and recommendations.  While the reports discussed in the previous section 
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were written during a ten-year time span, 2000 to 2010, data from as early as the 1970s 

was used to highlight a decline in the U.S. education system and a need for 

transformation.    

 The U.S. Department of Education (2000) report provided data from an 

international and national assessment dating back to the mid-1990s.  The Trends in 

International Mathematics and Science Study (TIMSS) is a mathematics and science 

assessment administered to students in fourth, eighth, and twelfth grades.  Results from 

TIMSS are used to compare U.S. students to students in other countries.  TIMSS was first 

administered in 1995 (National Center for Education Statistics, 2015e).  The National 

Assessment of Educational Progress (NAEP) is a national assessment for students in 

fourth, eighth, and twelfth grade that allows for national comparison in a variety of 

subjects, including science and mathematics (National Center for Education Statistics, 

2015a).  The NAEP assessment changes very little from year to year, allowing academic 

progress to be reported over time (National Center for Education Statistics, 2015a).   

 Results from TIMSS and NAEP have shown poor U.S. performance since the 

1970s (U.S. Department of Education, 2000).  U.S. student achievement increases have 

been minimal and are below the pace of international students.  While U.S. achievement 

increases have been minimal, international students since the 1970s have been gaining 

ground and many are now surpassing U.S. students (U.S. Department of Education, 

2000).  Results from the 1995 TIMSS test reveal the trend that U.S. students are being 

surpassed by international students.  Students in the fourth grade had scores that were 

above the international average in mathematics and science, with only one nation 

outscoring the US in science.  With an analysis of the results from eighth grade, this 
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superiority began to fade.  Eighth grade students had TIMSS scores that were marginally 

above the international average in science and faintly below the international average in 

mathematics.  By eighth grade, nine nations had better science averages than the United 

States compared to fourth grade where only one nation had better science averages.  

Equally alarming, twelfth grade U.S. students assessed in advanced mathematics and 

physics scored so poorly that no other country whose students took the assessment had 

lower advanced mathematics scores, and only one country had lower physics scores (U.S. 

Department of Education, 2000). 

 The NAEP results from 1996 support the claims made by the TIMSS scores from 

1995.  “Despite some improvements in NAEP mathematics scores since the 1970s, our 

students’ performance in science and mathematics has remained at disappointing levels 

for nearly 30 years” (U.S. Department of Education, 2000, p. 11).  In 1996, less than one-

third of U.S. students in fourth, eighth, and twelfth grade scored proficient or above in 

mathematics and science.  Equally troubling, “more than one-third of U.S. students 

scored below the ‘Basic’ level” in mathematics and science (U.S. Department of 

Education, 2000, p. 11).   

 Using national and international data, the Business Roundtable (2005) report 

provided equally alarming data to support the claim that the U.S. education system needs 

an overhaul, especially in the areas of mathematics and science.  Consider these facts in 

their report: 

 By 2010, if current trends continue, more than 90 percent of all scientists and 

engineers in the world will be living in Asia. 
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 South Korea, with one-sixth of our population, graduates as many engineers 

as the United States. 

 More than 50 percent of all engineering doctoral degrees awarded by U.S. 

engineering colleges are to foreign nationals. 

 The number of engineering degrees awarded in the US is down 20 percent 

from the peak year of 1985.  (Business Roundtable, 2005, p. 1) 

The report continues with details showing U.S. students lack motivation and interest in 

the areas of mathematics and science.  Fewer than 6% of high school seniors who took a 

college entrance exam in 2002 indicated an interest in pursuing an engineering degree, 

down 33% from the previous decade (Business Roundtable, 2005).  

 The BHEF (2007) report supported claims using data from the U.S. Department 

of Education (2000) and Business Roundtable (2005) reports claiming, “American 

students today have limited interest in studying mathematics and science, and academic 

achievement in these two foundational disciplines is demonstrably low” (BHEF, 2007, p. 

4).  The BHEF (2007) raised further concerns about staffing, asserting that the US by 

2015 would need an additional 280,000 mathematics and science teachers.  Nowhere are 

these teacher shortages felt more than in high-minority and high-poverty classrooms.  “In 

2002, 72% of high-minority middle school mathematics classes were taught by teachers 

who had not majored or minored in mathematics, compared with 55% of low-minority 

classes” (BHEF, 2007, p. 9).  Equally concerning is the shortage of minority teachers.  

“In 2003, 42% of public school students were from minority groups – yet only 16% of 

the teachers were minorities” (BHEF, 2007, p. 9).  Lastly, the authors of the BHEF 

(2007) report were concerned with the large percentage of teachers leaving the profession 
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citing that, “Approximately half of all teachers leave within 5 years of entering the 

profession” (p. 10).  These numbers are magnified in poor schools where “the rate of 

attrition is 50% higher in poor schools versus wealthy ones” (BHEF, 2007, p. 10).  

 Lastly, the PCAST (2010) report included similar data to the three previous 

reports using results from the Program for International Student Assessment (PISA).  

PISA is a mathematics, science, and reading assessment administered internationally to 

15-year-olds every three years.  PISA testing began in 2000 (National Center for 

Education Statistics, 2015b).  Analyzing results from the 2006 PISA, U.S. 15-year-olds 

scored below most other nations in their ability to apply what they learned in 

mathematics and science (Executive Office of the President, 2010).  Maybe even more 

alarming than how poorly U.S. students were performing on international assessments 

was the lack of STEM degrees being attained by U.S. students.  “Only about a third of 

bachelor’s degrees earned in the United States are in a STEM field, compared with 

approximately 53 percent of first university degrees earned in China, and 63 percent of 

those earned in Japan” (Executive Office of the President, 2010, p. 2). 

 The 2010 PCAST report raised additional concerns noting an alarming gender gap 

in STEM fields.  The gap is not an aptitude gap, but rather an interest gap.  “Although 

girls earn high school mathematics and science credits at the same rate as boys, and earn 

slightly higher grades in those classes, they choose STEM majors in college at a much 

lower rate than boys” (Executive Office of the President, 2010, p. 3).  This interest gap 

extends into college where only 40% of high school students interested in STEM pursue a 

degree in a STEM field.  A troubling fact is that nearly 60% of the students who do 

pursue a STEM degree decide to change majors and pursue a degree in a non-STEM field 
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(Executive Office of the President, 2010).  The gender gap appears even larger when 

looking at the science and engineering workforce.  Using cited literature from the 2010 

PCAST report, the National Science Foundation (2009) reported in 2007 that only 11% 

of U.S. engineers and 26% of mathematical and computer scientists were females.   

 The problems in the areas of mathematics and science and its STEM-connected 

fields are well documented in the literature.  The US has been facing mathematics and 

science achievement problems, especially as students progress through the grade levels 

(U.S. Department of Education, 2000).  Equally troubling is the lack of interest U.S. 

students show in STEM-related fields (BHEF, 2007; Executive Office of the President, 

2010).  The achievement gaps and lack of interest are exacerbated when considering 

minorities and women (BHEF, 2007; Executive Office of the President, 2010).  The 

following section includes data between 2010 and 2015 to determine if the 

recommendations and goals set forth by earlier reports improved STEM achievement and 

motivation.   

 STEM data 2010-2015. The data used in the previous reports spanned forty years 

from 1970 to 2010 with much of the data coming between 1995 and 2006.  The authors 

of the reports emphasized a need for drastic improvements in the U.S. education system, 

specifically STEM related subjects.  Each report stated goals and provided 

recommendations that would fix the mathematics and science concerns.  This section 

provides data from 2010 to 2015 to determine if the goals and recommendations from the 

early 2000s improved U.S. achievement in mathematics and science.  

 The average U.S. mathematics PISA scale score in 2012 was 481 out of 1000.  

Comparing this to a high of 613 in Shanghai-China and to Organisation for Economic 
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Cooperation and Development (OECD) average of 494, the US was measurably below 29 

education systems (National Center for Education Statistics, 2015c).  Analyzing top 

proficiency levels, 9% of 15-year old U.S. students scored at the top proficiency level 

with 27 education systems having better top proficiency averages.  Comparing this to a 

high of 55% in Shanghai-China and 13% average for OECD countries, the US scored 

significantly behind the developed world when looking at top proficiency levels 

(National Center for Education Statistics, 2015c).  When comparing below proficiency 

scores, the US had 26% in this category while the OECD average was 23% with a low of 

4% in Shanghai-China.  Twenty-nine education systems had fewer students scoring 

below proficiency than the US (National Center for Education Statistics, 2015c). 

 Analyzing science scores, the average U.S. PISA science score in 2012 was 497 

out of 1000.  Comparing this to a high of 580 in Shanghai-China, 555 in Hong Kong-

China, 551 in Singapore, 547 in Japan, and 545 in Finland, the US was significantly 

behind the top five performing education systems.  However, the U.S. average score was 

not measurably different from the OECD average of 501.  Twenty-two education systems 

had higher averages than the US.  Analyzing top proficiency scores, PISA reported that 

7% of U.S. students scored at the top proficiency level while the OECD averaged 8% and 

was not measurably different from the US.  Shanghai-China received the highest scores 

with 27% at the top proficiency level.  Alarming, 167 education systems had higher 

percentages at the top proficiency level than the US.  When considering below 

proficiency scores, the US was comparable to the OECD average with the US and OECD 

both averaging 18% below the proficiency threshold.  Shanghai-China was 15 points 

lower than the US with only 3% below the proficiency threshold.  Twenty-one education 
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systems outperformed the US when considering below proficiency scores (National 

Center for Education Statistics, 2015c). 

 When analyzing the 2012 PISA results and the 2011 TIMSS fourth grade and 

eighth grade results, the trend that U.S. students perform better at younger ages, 

especially in mathematics, and slowly get surpassed by other nations still appeared to be 

true.  The average mathematics scale score of U.S. fourth grade students was 541 out of 

1000.  The international scale score average was 500.  U.S. fourth grade students’ 

mathematics TIMSS scores were in the top 15 internationally.  When looking at advanced 

scores, only seven education systems had higher percentages of advanced fourth grade 

mathematics scores than the US (National Center for Education Statistics, 2015d).  

Compared to U.S. fourth grade students, U.S. eighth grade students’ TIMSS scores 

declined with an average mathematics scale score of 509 out of 1000.  The international 

scale score average was 500.  Eighth grade mathematics scores drastically declined 

placing the US in the top 25 internationally in mathematics, 10 spots worse than the 

fourth grade rankings.  The decline also appeared with the advanced scores.  Eleven 

education systems had higher percentages of advanced eighth grade mathematics scores 

than the US, a drop by four spots (National Center for Education Statistics, 2015d).  

 Analyzing TIMSS science scores, fourth grade U.S. students had an average scale 

score of 541 out of 1000, while the international scale score average was 500.  When 

comparing rankings, U.S. fourth grade students scored in the top ten with only six 

education systems outperforming the US and three education systems having scores that 

were not measurably different.  When looking at advanced scores, U.S. fourth grade 

students once again scored in the top 10 with only three education systems outscoring 
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U.S. fourth grade students and six education systems had averages that were not 

measurably different (National Center for Education Statistics, 2015f).  Holding true with 

the mathematics trends, U.S. eighth grade students’ science scores began to decline.  U.S. 

eighth grade students had an average scale score of 525 while the international eighth 

grade science scale score average was 500.  U.S. eighth graders placed in the top 23 

education systems in the world, a decline of 13 spots when comparing eighth grade to 

fourth grade rankings.  When looking at advanced scores of U.S. eighth grade students, 

12 educational systems outperformed the US, and 10 educational systems had scores that 

were not measurably different (National Center for Education Statistics, 2015f).  Table 2 

provides a summary of the 2011 TIMSS and 2012 PISA results and compares US 

rankings in mathematics and science.   
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Table 2 

U.S. 2011 TIMSS and 2012 PISA Results 

 

Average 

Scale Score  

TIMSS International/ 

PISA OECD Average 

Scale Score  

U.S 

Ranking 

Fourth Grade TIMSS Mathematics  541 500 Top 15 

Fourth Grade TIMSS Science 544 500 Top 10 

Eighth Grade TIMSS Mathematics 509 500 Top 24 

Eighth Grade TIMSS Science 525 500 Top 23 

PISA Mathematics 481 494 Top 30 

PISA Science  497 501 Top 23 

Note. U.S. fourth and eighth grade average TIMSS and PISA mathematics and science scaled scores 

compared to OECD average TIMSS and PISA scaled scores.  Adapted from National Center for Education 

Statistics, 2015, and retrieved from http://nces.ed.gov/surveys/pisa/pisa 2012/pisa2012highlights_1.asp and 

National Center for Education Statistics, 2015, and retrieved from 

https://nces.ed.gov/timss/results11_math11.asp.  

 According to national and international achievement data, it does not appear the 

U.S. education system has improved since the alarm was sounded in 2000 by the U.S. 

Department of Education.  Mathematics and science student achievement continues to be 

in the middle of the pack of OECD countries.  Additionally, the trend that U.S. students 

perform better in the earlier grades appears to have continued.  While student 

achievement in mathematics and science has not improved, the next section includes 

information related to whether interest and motivation to enter STEM fields, including 

subgroups, has increased with all of the recommendations and reports discussed in the 

previous sections. 
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 STEM interest and motivation. The reports discussed in previous sections 

highlighted not only an achievement gap but also an interest gap.  According to the 

reports, U.S. students were not only performing below average in mathematics and 

science, but they were also uninterested in fields that required mathematics and science 

(BHEF, 2007; Business Roundtable, 2005; U.S. Department of Education, 2000; 

Executive Office of the President, 2010).  Furthermore, far more males than females 

pursued STEM degrees.  Equally alarming a wide racial gap existed (BHEF, 2007; 

Business Roundtable, 2005; U.S. Department of Education, 2000; Executive Office of the 

President, 2010).  Data between 2010 and 2015 is included in this section to determine if 

STEM interest levels of U.S. students improved, the gender gap closed, and racial 

disparity narrowed due to the goals and recommendations set forth by the previously 

mentioned reports dated between 2000 and 2010.  

 The 2015 U.S. News/Raytheon STEM Index, a report that allows STEM progress 

to be measured and reported, shows that gains between 2000 and 2014 in STEM degrees 

granted and employment have occurred, but “gaps between men and women and between 

whites and minorities in STEM remain deeply entrenched” (Bolkan, 2015, para. 2).  

Overall, STEM interest increased by 20% from 2004 to 2014 (Cook, Mason, Morse & 

Neuhauser, 2015).  While overall the US saw an increase in STEM interest, key findings 

continued to show a measurable discrepancy between subgroups.  Male high school 

students had an increase of more than 5% in engineering from 2000 to 2014 ending above 

30%.  On the other hand, female high school students’ interest in engineering remained 

stagnant from 2000 to 2014 with only 3% of high school females in 2014 reporting 

interest in engineering (Cook et al., 2015).  The same appeared to be true with 
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technology.  Male high school students had an increase in technology interest that was 

close to 5% from 2000 to 2014 ending above 15% in 2014 (Cook et al., 2015).  During 

this same time, female high school students had a decline in technology interest with only 

2% reporting an interest in technology in 2014 (Cook et al., 2015).  With regard to race, 

Black high school students in the year 2000 showed greater interest in engineering than 

did their White peers.  Over the next 14 years, Black students’ interest declined, and 

White students’ interest increased surpassing their Black peers by 2014 (Cook et al., 

2015).  Interest in technology revealed a similar trend with Black high school students in 

2000 showing a greater interest in technology than did their White peers.  Over the next 

14 years, black students’ interest decreased while white students’ interest increased 

minimally.  By 2014, both races showed a similar interest in technology (Cook et al., 

2015).  

 When looking at achievement and degrees earned in STEM fields, the 2015 

STEM Index report shows a continued gap between gender and race.  Male high school 

students outperformed their female peers on all STEM-related advanced placement tests.  

Furthermore, males outperformed their female peers by an average of 30 points on the 

2014 SAT mathematics section (Bolkan, 2015).  Black students fared even worse on the 

mathematics section scoring on average 105 points lower than did their White peers 

(Bolkan, 2015).  From 2009 to 2014, White students showed an increase from 16.8% to 

19.5% in bachelor degrees awarded in STEM fields.  The number of STEM bachelor 

degrees awarded to Black students also grew during this same period, but at a much 

slower rate and significantly below their White peers showing an increase from 12.7% in 

2009 to only 13.6% in 2014 (Bolkan, 2015).  This same discrepancy was also seen 
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between genders.  In 2014, only 6% of associate degrees earned by females were in 

STEM fields compared to 20% for male students.  The percent increased for women 

earning bachelor degrees in STEM fields to 10%, but still significantly below their male 

peers at 28% (Bolkan, 2015).   

Student Attitudes in Education 

 Attitudes and beliefs predict and determine individual choices, how long one is 

willing to persevere, and performance (Uguroglu & Walberg, 1979; Wigfield & Eccles, 

1983).  This relationship among attitudes, perception of ability, and achievement begins 

to form at an early age, is mildly disrupted during early adolescence, and strengthens as 

students mature and develop a more realistic view of their abilities (Denissen et al., 2007; 

Eccels et al., 1989; Wigfield et al., 1997).  Researchers have agreed to the term self-

concept to describe an individual’s perception of their abilities toward a specific task, 

subject, or activity (Denissen et al., 2007).  Wigfield and Eccels’s (2000) expectancy-

value model of achievement and self-concept are discussed in detail in the following 

sections.   

 Expectancy-value theory of motivation. A long-standing belief by many 

motivation theorists is that an individual’s choice, perseverance and persistence, and 

success or lack of success can be predicted by how one feels they will do on a specific 

task or activity and how much value one places on the specific task or activity (Wigfield 

& Eccels, 2000).  This belief that an individual’s confidence with a specific task or 

activity can influence future choices, persistence, and ultimately performance is known as 

the expectancy-value theory of motivation (Wigfield & Eccles, 2000).  “Expectancies and 

values are assumed to be influenced by task-specific beliefs such as ability beliefs, the 
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perceived difficulty of different tasks, and individuals’ goals, self-schema, and affective 

memories” (Wigfield & Eccles, 2000, p. 69).  Likewise, using this theory, expectancies 

and values are projected to influence choices, effort, persistence, and performance 

(Wigfield & Eccles, 2000). 

 Eccles-Parson et al. (1983) defined expectancies as a child’s belief in how well he 

or she will perform on an impending task.  Ability beliefs differ slightly in that these 

beliefs focus on present ability where expectancies focus on future abilities (Eccles et al., 

1983; Wigfield & Eccles, 2000).  Empirically, expectancies and ability beliefs have been 

proven highly related (Eccles, Wigfield, Harold, & Blumenfeld, 1993; Wigfield & 

Eccles, 2000).  Denissen et al. (2007) and others use the term self-concept in place of 

expectancies and ability beliefs.  “Eccles and Wigfield demonstrated that domain-specific 

expectations for success and ability self-concepts load on the same factor and therefore 

can be treated empirically as the same construct” (Eccles, O’Neil, & Wigfield, 2005, p. 

238).  Self-concept, along with value/importance and interest, is discussed in depth in the 

section below.   

 Self-concept, value/importance, and interest. A student’s expectancy of 

performance, or their self-concept, begins to develop at an early age (Denissen et al., 

2007).  These representations of performance begin to develop as the student interprets 

achievement and receives feedback in relationship to a particular task, subject, or activity 

(Wigfield et al., 1997).  When students interpret the achievement and feedback as 

positive, their self-concept within this specific task, subject, or activity increases.  When 

students interpret achievement and feedback as negative, their self-concept within this 

specific task, subject, or activity decreases (Wigfield et al., 1997; Wigfield & Eccles, 
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1983).  These self-competency beliefs can ebb and flow as the student takes into account 

previous and current achievement (Denissen et al., 2007).  A student’s self-concept tends 

to stabilize as the student matures and develops “a more realistic picture of their relative 

competencies” (Eccles et al., 1989, p. 285.). 

 Self-concept is important to study, as researchers have discovered a relationship 

between self-concept, value/importance, interest, and achievement (Denissen et al., 2007; 

Wigfield et al., 1997).  When a student has a strong self-concept within a specific task, 

subject, or activity, the student is more likely to continue to choose this task, subject, or 

activity and shows greater interest in the specific task, subject, or activity (Denissen et al., 

2007; Wigfield et al., 1997).  From a statistical standpoint, a meta-analysis by Lent, 

Brown, and Hackett (1994) found an average correlation of .53 between self-concept and 

interest.  This positive relationship is reciprocal in nature and has been shown to form as 

early as the first grade and strengthen as the student ages (Eccles et al., 1993; Marsh, 

Trautwein, Ludtke, Koller, & Baumert, 2005; Wigfield et al., 1997).   

 In addition to interest, self-concept within a specific task, subject, or activity is 

also related to achievement outcomes within the same task, subject, or activity (Denissen 

et al., 2007; Wigfield & Eccles, 1983; Wigfield et al., 1997; Yoon, Eccles & Wigfield, 

1996).  Valentine, DuBois, and Cooper (2004) conducted a meta-analysis of 60 

independent samples and found a small, but significant, relationship between self-concept 

and achievement.  Marsh et al. (2005) found similar results between self-concept and 

achievement through a longitudinal study with nearly 8,000 German seventh grade 

students.  The relationship between self-concept and achievement appears to be 

reciprocal across time (Marsh et al., 2005; Eccels et al., 1983).  “Empirical studies have 
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supported the significance of these bidirectional influences between self-concept of 

achievement and achievement” (Denissen, 2007, p. 431). 

 Self-concept within a specific task, subject, or activity and the relationship 

between how the individual values the task, subject, or activity and the importance placed 

on the task, subject, or activity can be seen as early as first grade (Eccles et al., 1993).  

Wigfield et al. (1997) conducted a longitudinal study with elementary students from a 

large Midwestern metropolitan area and found a relationship between value and 

importance, task choice, and competence beliefs.  Wigfield et al. (1997) noted, 

“Competence beliefs related positively to their valuing of the activity, particularly their 

interest in the activity” (p. 460).  It can then be assumed that an adolescent who places 

high value or importance on a specific task, subject, or activity is likely to choose this 

specific task, subject, or activity (Wigfield et al., 1997).  However, as the child ages, 

value and importance placed on academic achievement tends to decline, most notably in 

mathematics (Eccles et al., 1989).  Unlike self-concept and interest or self-concept and 

achievement, self-concept and the value or importance placed on a specific task, subject, 

or activity does not appear to have a strong reciprocal relationship.  Instead, the value or 

importance placed on a specific task, subject, or activity seems to drive the student’s self-

concept, at least in early adolescence (Yoon et al., 1996).  

 In summary, student attitudes toward a specific task, subject, or activity, and their 

self-concept toward this same task, subject, or activity, affects their choices and 

ultimately their overall performance (Uguroglu & Walberg, 1979; Wigfield & Eccles, 

1983).  Self-concept is shown to have a reciprocal relationship with interest and 

achievement (Denissen et al., 2007; Eccles et al., 1993; Eccles et al., 1983; Marsh et al., 
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2005; Wigfield et al., 1997).  While a relationship is present between self-concept and 

value/importance, it is not reciprocal with value/importance driving self-concept (Yoon et 

al., 1996).  

Self-concept, Value/Importance, and Interest in STEM  

 Major studies conducted by Denissen et al. (2007), Eccles et al. (1983, 1993), 

Marsh et al. (2005), and Wigfield et al. (1997) have revealed relationships between self-

concept, importance/value, and interest in a variety of educational domains.  Confidence, 

significance, and interest in a specific domain influence choice and create persistency.  

Additionally, reports by BHEF (2007), Business Roundtable (2005), U.S. Department of 

Education (2000), and the Executive Office of the President (2010) have revealed that 

U.S. students are behind academically and show less interest in engineering, 

mathematics, and science compared to OECD countries.  Low interest and poor 

performance are proliferated among females and minorities.  The following section 

includes a discussion of doctoral studies from 2002-2015 and their findings in relation to 

self-concept, importance/value, and interest in STEM. 

 Martin (2002) conducted a study to determine if student attitudes toward 

mathematics differed between genders.  Martin’s (2002) study consisted of 267 gifted 

male and female students in third through sixth grade in the southeastern coast of the 

United States.  Martin (2002) surveyed participants using the Fennema-Sherman 

Mathematics Scale to measure student attitudes toward mathematics.  Overall, Martin’s 

(2002) study indicated that males in third through fifth grade have less negative attitudes 

toward mathematics than females in third through fifth grade.  The sixth grade males and 

females had the most negative attitudes toward mathematics.  However, the overall 
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attitudes toward mathematics in sixth grade did not significantly differ between genders.  

When analyzing attitude domains, Martin (2002) found anxiety and motivation to be the 

most significant domains.  Female anxiety levels were significantly higher than were the 

anxiety levels of their male peers.  While negative attitudes toward mathematics 

motivation were significantly high, the results of Martin’s study did not differ between 

genders.  Martin’s (2002) findings supported those of the U.S. Department of Education 

(2000) which reported that overall attitudes, interest, and motivation in mathematics were 

alarmingly low and that males typically had more positive attitudes toward mathematics 

than did females.   

 Seo (2003) conducted a study of 459 fifth grade students in South Korean 

elementary school mathematics classrooms to “better understand the patterns of various 

motivational constructs and how each construct related to strategic and cognitive 

processes and academic achievement” (p. iii).  Seo used a 51-item self-report 

questionnaire to determine mathematics “competence-related beliefs, task values, 

achievement goals, and strategic and cognitive process” (p. 59).  Questions used to 

measure competence-related beliefs and task values came from Wigfield et al.’s (1997) 

work.  Wigfield et al.’s (1997) work, which is directly connected with the Childhood and 

Beyond Wave 5 survey designed by Eccels et al. (1983) and used for the current study.  

Seo (2003) found competence-related beliefs and task values “positively related to 

mathematics achievement” (p. 82).  Seo (2003) also found that competence-related 

beliefs had direct effects on task values and academic achievement.  Seo’s (2003) 

findings supported findings by Eccles et al. (1989, 1983) and Wigfield et al. (1997) that 

showed a relationship between competence-related beliefs and interest, achievement, and 
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value/importance.  Denissen et al.’s (2007) finding supported Seo’s (2003) findings that 

competence-related beliefs had direct effects on task values and academic achievement.  

 Tai, Liu, Maltese, and Fan (2006) conducted a study to determine if career 

interests in eighth graders, specifically science, would result in a related college degree.  

Tai et al.’s (2006) study included more than 3,000 participants from across the US who 

completed an interest survey in 1988 and had obtained a degree from a four-year college 

or university.  Tai et al. (2006) found that students who expected a career in a science 

field while in eighth grade were “1.9 times more likely to earn a life-science 

baccalaureate degree than those who did not expect a science-related career” (p. 1144).  

Even more profound, “students with expectations for a science-related career were 3.4 

times more likely to earn physical science and engineering degrees than students without 

similar expectations” (p. 1144).  Tai et al. (2006) also found that high achieving 

mathematics students who also showed a career interest in science were far more likely to 

earn a degree in physical science or engineering.  Tai et al. (2006) found that students 

who scored one standard deviation above average and “expected a science-related future 

career” had an estimated probability of 51%, “whereas the estimated probability of the 

student who expected a nonscience career was 19%” (p. 1144).  Tai et al.’s (2006) 

findings supported the idea that encouragement and career exploration early on may 

increase student interest and ultimately lead to more students studying STEM fields in 

college.   

 Hafner (2008) conducted a study of eighth grade students to determine if there 

was a correlation between mathematics self-efficacy, levels of anxiety, and achievement 

in mathematics.  Hafner’s (2008) study included 124 students from southeastern 
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Massachusetts.  The sample was evenly distributed with 48% of the participants being 

male and 52% being female.  Participants were administered two self-reports.  The 

Mathematics Self-Efficacy scale was used to determine self-efficacy levels.  The 

Mathematics Anxiety Rating Scaled for Adolescents was used to determine anxiety 

levels.  Hafner (2008) used test scores from the most recent semester to determine 

mathematics achievement levels.  Hafner (2008) found that mathematics self-efficacy and 

anxiety levels were “significantly and negatively correlated” (p. 54).  Hafner (2008) also 

found that mathematics self-efficacy and achievement were “significantly and positively 

correlated” (p. 54).  Though not as strong, Hafner (2008) found a negative correlation 

between anxiety and achievement.  However, it is important to note that Hafner (2008) 

found that once “self-efficacy was added to the model, anxiety was no longer significant 

as a predictor” (p. 58).  Hafner (2008) concluded that mathematics self-efficacy 

“mediated the effects of math anxiety on achievement” (p. 59).  Hafner’s (2008) findings 

supported findings by Denissen et al. (2007) and Eccles et al. (1989, 1983) that suggested 

self-efficacy and achievement are positively correlated.   

 Kaya (2008) conducted a study of fourth grade students across five countries 

(Australia, Japan, Scotland, Singapore, and U.S.) to examine the effects student-level 

factors and classroom-level factors had on science achievement.  Kaya (2008) 

categorized gender, self-confidence, and home resources as student-level factors.  

Teacher characteristics, instructional variables, and classroom composition were 

categorized as classroom-level factors.  The 2003 TIMSS was used as the outcome 

variable.  Kaya (2008) found that student-level factors “were consistently related to 

science achievement” (p. ix).  When controlling for gender and home resources, Kaya 
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(2008) determined that self-confidence positively affected 2003 TIMSS science scores in 

all five countries.  Interestingly, when controlling for self-confidence and home 

resources, Kaya (2008) deduced no significant differences between gender achievements 

on the 2003 TIMSS for students living in Australia, Japan, and the US.  These findings 

strengthened research by Denissen et al. (2007) and Eccles et al. (1989, 1983) who 

claimed that self-concept significantly influenced achievement and interest.  

Additionally, these findings strengthened the recommendations by BHEF (2007), 

Business Roundtable (2005), U.S. Department of Education (2000), and the Executive 

Office of the President (2010) to increase STEM interest, especially with female and 

minority students.   

 Oware (2008) conducted a study with 18-gifted third through sixth grade students 

to determine their perceptions regarding engineering.  Participants were enrolled in a six-

week “Why Do Buildings Fall Down” Saturday learning camp sponsored by Purdue 

University.  To determine student attitudes, Oware (2008) asked them to complete a 

questionnaire, draw an “engineer doing engineer work,” and participate in a student 

interview (p. 69).  Oware (2008) found that participants described engineers as “people 

who: 1) do physical labor activities such as building, working on, or repairing objects or 

2) are involved in the design, planning, or preparation needed for the creation of objects” 

(p. 160).  The fifth and sixth grade participants were more likely to see an engineer as 

someone who manages people and prepares directions for others to follow.  After six 

weeks of engineering experience, Oware (2008) found that students’ perceptions changed 

becoming more accurate and specific, especially with the design process that engineers 

use.  Oware (2008) also found that “students’ perceptions of engineers and engineering 
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are influenced by family members, personal experiences, and the media” (p. 161).  

Oware’s (2008) finding was important to note as it aligned with recommendations in the 

literature made by the Business Roundtable (2005) to “launch a campaign to help parents, 

students, employees and community leaders understand why math and science are so 

important to individual success and national prosperity” (p. 10).   

 Loustalet (2009) conducted a study at Oregon Institute of Technology to 

determine if students who achieve As (mastery) in introductory mathematics college 

courses have differing attitudes than students who achieve Cs (pass) in introductory 

mathematics courses.  The study consisted of 96 students with half of the participants 

being female.  There was also an even distribution between achievement with 44 

participants receiving an A and 52 participants receiving a C in Math 100, Math 111, or 

Math 112.  Loustalet (2009) used the Views About Math Survey to determine student 

attitudes.  He found that students who received As had significantly more positive 

attitudes toward mathematics than students who received Cs.  However, Loustalet (2009) 

found no significant differences between genders.  Loustalet (2009) also found that 

students who earned As were more likely to rate their confidence level as “above 

average” than students who earned Cs.  Once again, Loustalet (2009) found no significant 

differences between genders.  Loustalet’s (2009) findings suggested that students’ 

attitudes toward mathematics were related to their achievement level and not their 

gender.  Loustalet’s (2009) findings supported findings by Denissen et al. (2007) and 

Eccles et al. (1989, 1983) suggesting a relationship between attitudes and achievement.  

 Kutch (2011) conducted a study with seventh and eighth grade students from a 

suburban school in Delaware to determine if integrating mathematics and science 
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instruction in such a way that requires students to use these skills and concepts to solve 

engineering problems would increase students’ desire and willingness to enroll in future 

courses.  Additionally, Kutch (2011) studied interest levels in science, technology, 

engineering, and mathematics by giving students a pre- and post-survey to determine if 

interests changed over time as students integrated mathematics and science to solve 

engineering problems.  Kutch (2011) modified an existing survey from the 4 Schools for 

Women in Engineering project created by STEMteams.  Kutch (2011) found that initial 

STEM career interest was low for seventh grade students.  Post-survey responses for 

seventh grade students showed little increase in STEM career interest for both the control 

group and the treatment group receiving integrated mathematics and science instruction.  

On the other hand, Kutch (2011) found a significant change in overall attitudes toward 

science for seventh grade students enrolled in the integrated mathematics and science 

course.  Specifically, the seventh grade students enrolled in the integrated course reported 

increases in relevance and confidence toward science.  Similar to the seventh grade 

students, Kutch (2011) found initial STEM career interest was low for eighth grade 

students.  Also similar to the seventh grade students, the eighth grade students showed 

little increase in STEM career interest on the post-survey.  Kutch (2011) found similar 

results for overall attitudes toward science for the eighth grade students enrolled in the 

integrated mathematics and science course.  Eighth grade students in the treatment group 

reported that they were more likely to take science courses in high school than those not 

enrolled in the integrated mathematics and science course.  The eighth grade treatment 

group also found science to be more relevant after being enrolled in the integrated 

mathematics and science course.   
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 Additionally, Kutch (2011) found “little overall difference between the control 

and treatment groups in attitudes towards mathematics in the seventh grade” (p. 96).  

However, this was not the case for the eighth grade students.  Kutch (2011) found 

significant changes in attitude with the treatment group.  Eighth grade students enrolled 

in the integrated mathematics and science course were more likely to consider a career in 

mathematics, find mathematics to be useful, and feel more capable with mathematics.  

Kutch (2011) found increased interest in engineering with the seventh grade students 

enrolled in the integrated mathematics and science course.  Seventh grade students 

enrolled in the integrated class showed increased interest in future courses related to 

engineering and in pursuing careers involving engineering.  Kutch (2011) found less of 

an impact on the eighth grade students enrolled in the integrated course.  However, she 

did find a significant difference for eighth grade students enrolled in the integrated course 

with the following statements, “A degree in engineering will allow me to get a good job” 

and “I am not interested in any career that uses math and science” (p. 100).   

 Overall, Kutch’s (2011) findings supported findings by BHEF (2007), the 

Business Roundtable (2005), U.S. Department of Education (2000), and the Executive 

Office of the President (2010) showing initial interest in STEM subjects and careers to be 

low.  Additionally, Kutch’s (2011) findings also support findings by BHEF (2007), the 

Business Roundtable (2005), U.S. Department of Education (2000), and the Executive 

Office of the President (2010) showing initial attitudes toward STEM fields and subjects 

to be low.  On a positive note, Kutch (2011) found significant increases in attitudes and 

interest in several STEM areas once students experienced an integrated mathematics and 

science course.   
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 Medeiros (2011) conducted a study to examine differences in student attitudes 

toward mathematics and science students enrolled in two corporate STEM programs.  

Medeiros (2011) was specifically interested in examining gender differences in attitudes 

toward mathematics and science.  Medeiros (2011) used mathematics and science 

attitudinal scales of over 300 13-19 year old students from across the US to determine if 

pre-course attitudes changed by the end of the program.  Corporate programs used in the 

study were Raytheon’s Stand and Deliver Corporate Campus Mentoring program and 

Raytheon’s MathMovesU Day.  Medeiros (2011) found post-program attitudes toward 

mathematics and science to be higher than pre-program attitudes in all attitudinal 

subscales except “personal confidence in math and attitudes towards success in math” (p. 

55).  Of great importance, Medeiros (2011) found that females have more positive 

attitudes than males “at the start of the program about women’s role in the math domain” 

(p. 59).  Additionally, Medeiros (2011) found females to have “more positive attitudes 

about being perceived as successful in math, and in science, as well as in the usefulness 

of science in their current and future lives” (p. 59).  These findings contradicted findings 

by BHEF (2007), the Business Roundtable (2005), U.S. Department of Education (2000), 

and the Executive Office of the President (2010) that showed males, generally speaking, 

have more positive attitudes toward mathematics and science than did their female peers. 

 LeGrand (2013) conducted a study to examine the differences in mathematics and 

science attitudes and interest levels among fourth and fifth grade, seventh and eighth 

grade, and eleventh and twelfth grade students, specifically analyzing any attitudes and 

interest differences between genders.  LeGrand’s (2013) study consisted of 136 

participants from a small semi-rural school district in Massachusetts.  LeGrand’s (2013) 
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participants were administered a survey to determine levels of anxiety, confidence, value, 

enjoyment, and motivation in mathematics and science” (p. 50).  LeGrand (2013) found 

that males were significantly more interested in science than females, and males expected 

to perform better than females in both mathematics and science.  LeGrand (2013) also 

found that middle and high school males were more confident in their science abilities 

than were middle and high school females.  When looking at career interests, LeGrand 

(2013) found that middle and high school males showed greater interests than middle and 

high school females in physical science careers.  Lastly, LeGrand (2013) found that girls 

in elementary school were less likely to feel comfortable with mathematics and science 

classes compared to elementary age boys.  Overall, LeGrand’s (2013) findings showed a 

disparity between male and female student attitudes, interests, expectancies to perform 

well, and confidence in mathematics and science.  LeGrand’s findings aligned with 

research conducted by BHEF (2007), the Business Roundtable (2005), U.S. Department 

of Education (2000), and the Executive Office of the President (2010).   

 Colorado (2014) conducted a study to examine the relationship between 

motivation and achievement, specifically with mathematics.  Colorado (2014) surveyed 

97 high achieving fifth grade mathematics students in a suburban school district in the 

southeast region of the United States.  Colorado (2014) administered a self-report 

inventory to determine a child’s academic intrinsic motivation.  Class grades and results 

from a gifted mathematics achievement test were then compared to the child’s academic 

intrinsic motivation level.  Colorado (2014) found a wide range of motivation levels with 

the average motivation level on the positive end.  Colorado found no significant academic 

intrinsic motivation difference between genders.  Colorado’s (2014) findings conflicted 
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with previous research that found a difference in motivation between boys and girls, 

especially in the area of mathematics (BHEF, 2007; Business Roundtable, 2005; U.S. 

Department of Education, 2000; Executive Office of the President, 2010).  Equally 

surprising, Colorado (2014) did not find a correlation between academic intrinsic 

motivation and achievement, including between genders.  This finding also contradicted 

research by Denissen et al. (2007) and Eccles et al. (1989, 1983).  It should be noted that 

Colorado’s (2014) study focused on high-achieving students and therefore her findings 

may not reflect the general elementary population.   

 Miller (2015) conducted a study with fourth and fifth grade students in a small 

school district outside of Harrisburg, Pennsylvania to determine if there was a 

relationship between elementary age students’ attitudes toward mathematics and science 

and their opportunity to learn mathematics and science.  Miller (2015) noted the 

continued trend that students were uninterested in pursuing science careers due to their 

unfavorable attitudes toward science.  During the study, Miller (2015) surveyed students 

to determine their attitudes toward mathematics and science.  The results of the study 

aligned with research by Legrand (2013) and Kutch (2011) and supported previous 

reports by the Executive Office of the President (2010), BHEF (2007), Business 

Roundtable (2005), and U.S. Department of Education (2000) that have indicated 

students have negative attitudes toward science.  Miller (2015) believed students had an 

unfavorable attitude toward science due to the decreased opportunity to learn science.  

Miller (2015) recommended increasing the opportunity to learn science as a way to 

increase student attitudes toward science.   
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Rehmat (2015) conducted a study with 98 fourth grade students from a large 

school district in the Southwest region of the United States.  The participants in Rehmat’s 

(2015) study consisted of two groups, a treatment group and a control group.  Each group 

was administered a STEM interest survey.  The treatment group received problem-based 

learning (PBL) instruction for six weeks while the control group received traditional 

instruction from a popular textbook during the same time.  Rehmat (2015) found that 

fourth grade students in both groups, treatment and control, had slightly positive attitudes 

with the pre-STEM interest survey.  The control group had an average pre-STEM score 

of 136.15 out of 185, and the treatment group had an average pre-STEM score of 135.00.  

The post-STEM interest survey indicated that students who received PBL instruction had 

significantly increased positive attitudes toward STEM compared to the control group.  

The control group had an average post-STEM score of 142.61 (6.46 growth) while the 

treatment group had an average post-STEM score of 155.98 (20.98 growth).  The results 

from Rehmat’s (2015) study indicated that student attitudes toward STEM subjects could 

be significantly increased using PBL instruction.  Rehmat’s finding was important to note 

since research indicated that students are traditionally uninterested in STEM subjects 

(BHEF, 2007; Business Roundtable, 2005; U.S. Department of Education, 2000; 

Executive Office of the President, 2010). 

 Smith (2015) conducted a study to determine if negative attitudes toward science 

among fourth, fifth, and sixth grade Black students in three New Jersey Title I funded 

schools could be improved through out-of-school experiences with STEM-related 

programs.  Smith (2015) examined research that indicated Black students “harbor 

negative feelings of self-efficacy in doing science, exhibit negative attitudes about 
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science-related issues and science related careers” (p. 6).  However, his findings neither 

supported nor contradicted the literature.  The results from Smith’s (2015) study 

indicated feelings of neutrality toward science among Black students.  “Pre- and post-

attitude Likert mean subscale scores fell within a neutral 3.0 to 4.0 favorable range” (p. 

128) for Black students who participated in out-of-school experiences and students who 

did not participate in out-of-school experiences.  Smith (2015) found no statistical 

difference in student attitudes toward science between fourth, fifth, and sixth grade Black 

students who participated in out-of-school STEM experiences and students who did not 

participate in out-of-school STEM experiences.  Due to out-of-school STEM experiences 

having no impact on student attitudes, Smith (2015) recommended school districts create 

“better education conditions for marginalized students in the sciences” (p. 135).   

Project Lead the Way 

 Project Lead the Way (PLTW) (2014d) offers five “activity-, project-, and 

problem-based” (para. 1) K-12 STEM programs.  Launch is designed for students in 

kindergarten through fifth grade.  Along with building STEM knowledge and applying 

STEM skills, PLTW (2014i) Launch is designed to be an engaging curriculum that builds 

confidence in young learners and increases their interest in STEM education.  Gateway is 

a program designed for middle school students with modules in engineering and 

biomedical science (PLTW, 2014h).   

 At the high school level, PLTW (2014d) provides three individual programs.  

Engineering is the company’s flagship program where high school students are expected 

to apply “engineering, science, math, and technology to solve complex, open-ended 

problems in a real world context” (PLTW, 2014g, para. 1).  Biomedical Science 
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immerses high school students into real world scenarios such as a mysterious death that 

crime scene investigators need to solve (PLTW, 2014e).  Lastly, Computer Science is 

offered for high school students as a three-course program with an introductory, 

foundational, and specialty course (PLTW, 2014f).     

 PLTW programs were being implemented in all 50 states with increased 

participation from its inception in 1997 (PLTW, 2014j).  PLTW (2014c) claims that 

students who participate in their programs have higher achievement and more positive 

attitudes toward STEM subjects than students who do not participate in PLTW.  The 

following section is a review of studies related to PLTW and its effects on student 

attitudes and achievement. 

 Bottoms and Anthony (2005) conducted a study of “274 students who participated 

in the 2004 HSTW (High School that Works) Assessment” (p.3) and reported completion 

of at least two PLTW courses to determine if PLTW participation led to higher 

achievement and learning experiences than non-PLTW participating students within the 

HSTW network.  Bottoms and Anthony (2005) created two comparison groups of equal 

distribution.  “For both comparison groups – high tech fields and all career/technical 

students – two random samples of 274 students were drawn to match the demographics of 

the 274 PLTW students” (Bottoms & Anthony, 2005, p. 3).  Bottoms and Anthony (2005) 

found that the PLTW group had significantly higher mathematics, reading, and science 

scores measured by the NAEP assessment than did the comparison groups.  Additionally, 

Bottoms and Anthony (2005) found that the PLTW group completed more advanced 

level mathematics and science courses, were enrolled in courses that integrated reading 

and writing, were involved in more real-world problems, and completed more project 
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assignments than did the comparison groups.  Bottoms and Anthony’s (2005) findings 

suggested that participation in PLTW improves academic achievement in mathematics, 

reading, and science.  When connecting these findings with those of Denissen et al. 

(2007) and Eccles et al. (1983, 1989), one might conclude that the increased academic 

achievement seen in PLTW students could lead to higher levels of self-concept, 

value/importance, and interest.   

 Paslov (2006) conducted a study in Connecticut to determine if PLTW curriculum 

increased middle school student interest and achievement in mathematics.  Paslov (2006) 

was particularly interested in determining if there was a difference in interest and 

achievement in mathematics between genders after PLTW implementation.  Paslov’s 

(2006) study consisted of a control group of 99 eighth grade students and a treatment 

group of 80 eighth grade students.  The control group participated in the school’s regular 

middle school schedule while the treatment group added a yearlong PLTW course.  Both 

groups were administered a pre- and post- Fennema-Sherman Mathematics Attitude 

Scales (FSMAS), a pre- and post- Blue Ribbon Testing
©

 assessment, the Connecticut 

benchmark assessment, and participated in student focus groups.  Paslov (2006) found 

that “students collectively exposed to the pilot curriculum, PLTW, showed improvement 

in achievement as compared to students who were not exposed to PLTW” as measured by 

Blue Ribbon Testing
©

 (p. 90).  Additionally, Paslov (2006) found no difference in 

achievement between genders.  In other words, both males and females showed equal 

growth in achievement after PLTW implementation.  Paslov’s (2006) “data analysis 

indicated that curriculum did not significantly impact students’ attitudes towards 

mathematics when data were aggregated to include males and females” (p. 102) as 
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measured by the FSMAS.  While the FSMAS showed no significant difference, 

interviews with student focus groups revealed a different conclusion.  “Proportionately, 

the students in the experimental group, in the aggregate of males and females, indicated 

either a like or love of mathematics (67%) at a two-to-one ratio over the students in the 

control group (32%)” (Paslov, 2006, p. 102). 

 Rogers (2006) conducted a study in the state of Indiana to determine if Indiana 

high school teachers perceived PLTW to be an effective program “in developing pre-

engineering competencies” (p. 67).  Rogers (2006) developed a survey instrument that 

was administered to 76 technology education teachers in the state of Indiana.  Participants 

in Rogers’ (2006) study had completed PLTW professional development at Purdue 

University and were “currently teaching PLTW courses in Indiana” (p. 69).  Rogers 

(2006) reported, “The respondents indicated that the PLTW curriculum is effective in 

developing student competency in pre-engineering” (p. 70).  The results of Rogers’ 

(2006) study indicated, at least in Indiana, that teachers perceived PLTW to be an 

effective program.  Rogers’ (2006) findings add to Bottoms and Anthony’s (2005) 

findings showing not only is the program effective in improving academic achievement, 

but trained PLTW teachers also perceived PLTW as an effective program.     

 Bottoms and Uhn (2007) conducted a comparative study of 292 PLTW enrolled 

students and 292 non-PLTW enrolled students to determine if PLTW enrolled students 

had higher mathematics, reading, and science NAEP scores, were more likely to (a) take 

four years of college mathematics and three years of college science, (b) complete 

HSTW-recommended curriculum, (c) experience more rigorous instruction, (d) have 

richer classroom experiences, and (f) have plans of pursuing postsecondary education 
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than non-PLTW enrolled students.  Bottoms and Uhn (2007) defined a PLTW enrolled 

student as someone who had completed at least three PLTW credits.  Bottoms and Uhn 

(2007) used career and technical students from similar fields to form their first 

comparison group.  The second comparison group was formed using career and technical 

students from all career and technical fields.  Through random sampling, Bottoms and 

Uhn (2007) were able to match the demographics of the PLTW enrolled group with the 

non-PLTW group.  Bottoms and Uhn (2007) reported six key findings.  First, PLTW 

enrolled students “achieved significantly higher scores in mathematics and science on the 

NAEP-referenced HSTW Assessment” than non-PLTW enrolled students (Bottoms & 

Uhn, 2007, p. 3).  Second, PLTW enrolled students were significantly more likely to 

“complete at least four years of mathematics – including Algebra I, geometry, Algebra II 

and one higher-level mathematics course – and at least three years of lab-based science 

courses during high school” than non-PLTW enrolled students (Bottoms & Uhn, 2007, p. 

3).  Third, PLTW enrolled students were significantly more likely to “complete all parts 

of the HSTW-recommended curriculum” than non-PLTW enrolled students (Bottoms & 

Uhn, 2007, p. 3).  Fourth, PLTW enrolled students were significantly more likely to 

“experience engaging instructional practices in language arts, mathematics, and science 

courses” than non-PLTW enrolled students (Bottoms & Uhn, 2007, p. 3).  Fifth, PLTW 

enrolled students were significantly more likely to “use academic knowledge and skills – 

reading, mathematics and science – to complete authentic assignments in their 

career/technical courses” than non-PLTW enrolled students (Bottoms & Uhn, 2007, p. 3).  

Lastly, PLTW enrolled students were significantly more likely to “perceive high school 
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as important in preparing them for the future” than non-PLTW enrolled students 

(Bottoms & Uhn, 2007, p. 3).  

 Wheeler (2008) conducted a study to determine if two PLTW courses, Principles 

of Engineering and Introduction to Engineering Design, significantly increased 

mathematics achievement with high school sophomores.  Wheeler’s (2008) study 

consisted of two groups, a treatment group that took PLTW coursework and a control 

group that did not take PLTW coursework.  Wheeler’s (2008) sample consisted of 1,337 

students, primarily White, from a suburban school district outside of Kansas City, 

Missouri.  Wheeler (2008) compared eighth grade Missouri state assessment scores to 

tenth grade Missouri state assessment scores for both groups to determine if PLTW 

coursework significantly increased achievement compared with students who did not take 

PLTW coursework.  Wheeler (2008) controlled for initial mathematics skill level using 

the eighth grade Missouri state assessment.  Wheeler (2008) found no significant 

difference in mathematics achievement between the PLTW treatment group and the non-

PLTW control group.  Wheeler’s (2008) findings are in contrast to Bottoms and Anthony 

(2005), Paslov (2006), and Bottoms and Uhn’s (2007) findings which all revealed 

significant mathematics improvement due to PLTW coursework.     

 Kingsbury Center at Northwest Evaluation Association (KCNWEA) (2010) 

conducted a comparison study to determine if students enrolled in PLTW courses 

“demonstrated rates of academic growth in reading, mathematics, or the sciences that 

differ from the growth exhibited by comparable non-participating students” (p. 11).  

Additionally, KCNWEA (2010) wanted to determine the growth achieved by PLTW 

students in the three identified subjects was significantly different from non-participating 
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students within the same school.  KCNWEA’s (2010) sample consisted of 951 students in 

seventh through twelfth grades from 22 schools in 10 states.  To determine achievement 

level, KCNWEA used the 2008 fall and 2009 spring “Northwest Evaluation 

Association’s Measures of Academic Progress (MAP) in reading, mathematics, general 

science, and science concepts” (KCNWEA, 2010, p. 12).  KCNWEA (2010) found that 

academic growth by PLTW students in general science and reading was “essentially 

equivalent” (p. 13) to the matched non-participating students.  However, KCNWEA 

(2010) found that PLTW students “showed academic growth that exceeded the growth” 

(p. 13) of matched non-participating students in science concepts and mathematics 

domains.  Important to note, KCNWEA (2010) achieved almost identical results when 

looking at differences at the school level.  KCNWEA (2010) suggested that “significant 

improvements in growth associated with PLTW participation were not attributed to 

school level characteristics” (p. 15).  KCNWEA’s (2010) findings supported findings by 

Bottoms and Anthony (2005) and Bottoms and Uhn (2007) that PLTW significantly 

affected mathematics and science achievement.  KCNWEA’s (2010) findings also 

supported findings by Paslov (2006) showing increased mathematics achievement.  

However, KCNWEA’s findings disagreed with the findings of Bottoms and Anthony 

(2005) that PLTW significantly affected reading achievement.   

 Tran and Nathan (2010) conducted a study to determine if PLTW coursework had 

a significant impact on mathematics and science achievement.  The sample for this study 

consisted of 70 tenth grade students from a Midwestern city who had participated in at 

least one PLTW course and a matched sample of 70 tenth grade students from the same 

community who had similar starting mathematics and science achievement, gender, and 
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free or reduced lunch status.  Eighth grade mathematics and science state assessment 

scores were used as baseline achievement data.  Tenth grade mathematics and science 

state assessment scores were used to compare with the baseline achievement data.  Tran 

and Nathan (2010) controlled for prior achievement using the eighth grade state 

assessment scores.  Tran and Nathan (2010) found that when controlling for prior 

achievement, students enrolled in PLTW coursework tended to have less growth from 

eighth grade to tenth grade than the comparison group in both mathematics and science.  

Tran and Nathan’s (2010) findings supported Wheeler’s (2008) findings that PLTW does 

not significantly affect mathematics achievement.  Like Wheeler’s (2008) findings, Tran 

and Nathan’s (2010) findings contradicted findings by Bottoms and Anthony (2005), 

Paslov (2006), Bottoms and Uhn (2007), and KCNWEA’s (2010) findings.   

 Martin (2011) conducted a study at a large high school in the United States to 

determine the effects of “K-12 outreach initiatives and their ability to inspire students 

enrolled in Project Lead the Way high school pre-engineering courses to study 

engineering” (p. ii).  Martin (2011) was specifically interested in the effects on Black 

students enrolled in PLTW and limited his study to include only Black students.  Martin’s 

(2011) study consisted of 76 freshmen through senior Black students who were enrolled 

in PLTW coursework.  Martin (2011) modified a survey instrument that was developed to 

collect data on “demographics, prior engineering experiences, and prior engineering 

influences” (p. 53).  Martin (2011) also used the Motivated Strategies for Learning 

Questionnaire designed to measure engineering self-efficacy.  Using an intercorrelation 

analysis, Martin (2011) found that interest in engineering for Black students was highest 

at the lowest grade levels.  Martin (2011) also found that Black students with more 
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engineering experience had higher levels of self-efficacy in their PLTW coursework.  

Martin’s (2011) findings aligned with the Business Roundtable (2005) and the Executive 

Office of the President (2010) reports that formally suggested the need for increased 

STEM exposure for U.S. students.  Furthermore, Martin (2011) found that middle school 

and high school PLTW exposure and parental encouragement were leading influences for 

Black students to study engineering.  Parental encouragement was also important to note 

as the Business Roundtable (2005) report recommended the need to “launch a campaign 

to help parents, students, employees and community leaders understand why math and 

science are so important to individual success and national prosperity” (p. 10).   

 Schenk et al. (2011) conducted a study in the state of Iowa to determine the 

impact PLTW had on mathematics and science achievement.  Schenk et al. (2011) 

hypothesized that PLTW enrolled students would have higher achievement scores in 

mathematics and science than students not enrolled in PLTW courses.  Additionally, 

Schenk et al. (2011) was interested in gathering descriptive statistics to determine what 

types of students enrolled in PLTW courses.  Schenk et al. (2011) had a sample size of 

26,030 students.  The authors found a strong selection bias for PLTW enrolled students.  

Descriptive statistics revealed, “Participants were disproportionately white male and 91 

percent of the participants were white” (Schenk et al, 2011, p. 13).  Additionally, Schenk 

et al. (2011) found that “PLTW participants were less likely to come from low-income 

families” (p. 13).  Lastly, Schenk et al. (2011) found that students who took PLTW 

courses had “higher achievement in mathematics and science than non-PLTW 

participants prior to entering the program” (p. 13).  Due to the strong selection bias, 

Schenk et al. (2011) used “nearest neighbor,” “one-to-one matching with genetic 
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algorithms,” and “one-to-two matching with genetic algorithms” to develop matched 

groups and control for pre-existing achievement (pp. 16-17).  Schenk et al. (2011) found 

“statistically significant evidence that PLTW increases mathematics or science scores” 

(p. 2).  Schenk et al.’s (2011) findings supported the findings of Bottoms and Anthony 

(2005) and Bottoms and Uhn (2007) that PLTW significantly affects mathematics and 

science achievement.  Schenk et al.’s (2011) findings also supported findings by Paslov 

(2006) showing increased mathematics achievement.   

 Van Overshelde (2013) conducted a longitudinal study of more than 5,000 

students in the State of Texas to determine if students who had experienced two or more 

PLTW courses had higher test scores on the grade 11 Texas mathematics assessment than 

students who had no experiences with PLTW.  Van Overshelde (2013) used propensity 

score matching “to statistically match the PLTW students with non-PLTW students and a 

number of variables were included in the matching process that are known to be 

associated with academic success, including their scores on the state’s Grade 8 

mathematics assessment” (p. 6).  Van Overshelde (2013) found a significant difference in 

grade 11 mathematics scaled scores as students who participated in PLTW “had a 

significantly higher mean scale score than the matched control group” (p. 13).  

Statistically greater achievement scores in “meeting the minimum state standard” and 

“meeting the college-ready standard” were also noted (Van Overshelde 2013, p. 13).  He 

also found that students who participated in PLTW were significantly more likely to 

attend an institution of higher education following high school graduation than the 

matched control group.  Van Overshelde’s (2013) findings of increased achievement for 
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PLTW students were promising as Denissen et al. (2007) and Eccles et al. (1989, 1983) 

found a reciprocal relationship between achievement and self-concept. 

Summary 

 Chapter two provided a literature review pertinent to this study.  STEM education 

was examined revealing a need for the US to improve student attitudes and increase 

student achievement with STEM education.  Student attitudes, specifically self-concept, 

value/importance, and interest, were of importance as evidence suggests a reciprocal 

relationship between attitudes and achievement.  Project Lead the Way was primarily 

shown to have significant effects on student attitudes and achievement.  However, the 

literature specifically pertaining to PLTW Launch and elementary students was non-

existent.  Described in chapter three is the methodology used in this study, including 

research design, population and sample, sampling procedures, instrumentation, data 

collection procedures, data analysis and hypothesis testing, and limitations.        
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Chapter Three 

Methods 

 The first purpose of this study was to determine if there was a difference in fifth 

grade students’ self-concept, value/importance, and interest in mathematics, science, and 

technology before and after implementation of PLTW Launch.  Due to the current gender 

gap in STEM fields, data were subsequently analyzed to determine if the change in self-

concept, value/importance, and interest significantly differed between males and females.  

Additionally, PLTW Launch designed modules for specific grade levels but also allows 

teachers and schools the autonomy to use their discretion and choose modules from other 

grade levels.  The third purpose of this study was to determine if the change in self-

concept, value/importance, and interest in mathematics, science, and technology was 

affected by the selected STEM units taught (PLTW recommended vs. teacher 

recommended). 

 In this chapter, the methodology utilized to conduct the study is presented.  The 

first three sections outline the research design, identify the population and sample, 

describe the sampling procedures, and identify the instrumentation used in the study.  The 

final three sections include the data collection procedures, the data analysis and 

hypothesis testing, and the limitations of the study.  

Research Design 

 In this quasi-experimental study, an alternative treatment pretest-postest with 

nonequivalent groups design was used (Creswell, 2014).  Survey research, using a 

modified survey from the University of Michigan’s Childhood and Beyond project 

(Gender & Achievement Research Program, 2015c) was used to collect ordinal scale data 



63 

 

 

to determine the extent of change in fifth grade students’ self-concept, value/importance, 

and interest in mathematics, science, and technology after PLTW Launch 

implementation.  Subsequently, ordinal scale data from the same modified survey was 

used to determine if the change in students’ self-concept, value/importance, and interest 

in mathematics, science, and technology was significantly different between genders and 

selected STEM units taught after PLTW Launch implementation. 

 The independent variables for this study were PLTW Launch implementation, 

selected STEM units, and gender.  The dependent variables included in the study were 

students’ changes in self-concept, value/importance, and interest in mathematics, science, 

and technology.  The independent variables in the study were gender and PLTW 

recommended modules vs. teacher recommended modules as measured before and after 

PLTW Launch implementation.  It should be noted that PLTW recommends that fifth 

grade students participate in (1) Robotics and Automation, (2) Robotics and Automation:  

Challenge, (3) Infection: Detection, and (4) Infection: Modeling and Simulation (Project 

Lead the Way, 2014k).  Due to teacher discretion, Center Elementary students did not 

participate in all of the PLTW recommended fifth grade modules.  Instead, that group of 

students participated in Stability and Motion: Science and Flight, Stability and Motion: 

Forces and Interaction, Robotics and Automation, and Robotics and Automation: 

Challenge (S. Rose, personal communication, May 3, 2016).  The first two modules, 

Stability and Motion: Science and Flight and Stability and Motion: Forces and 

Interaction, are considered third grade modules (Project Lead the Way, 2014k).  

Therefore, Center Elementary students did not receive all four PLTW fifth grade 

recommended modules.  The students from Red Bridge Elementary participated in all 
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four PLTW fifth grade recommended modules (M. Fritz, personal communication, May 

3, 2016).   

Population and Sample 

 The population for this study was limited to fifth grade students in one school 

district in an urban setting in Missouri.  The non-equivalent sample for this study was 

fifth grade students from Center Elementary and Red Bridge Elementary in the Center 

School District.  The two elementary schools were selected because they chose to 

implement PLTW Launch at the fifth grade level during the 2015-2016 school year.  

Both schools have two sections of fifth grade.  The fifth grade students from Center 

Elementary and Red Bridge Elementary made up 53.7% of the total district fifth grade 

population.  The sample was heterogeneous in nature and contained special education 

students, English Language Learner students, minority students, and students receiving 

free or reduced lunch.  

Sampling Procedures 

 Purposive sampling was used for this study.  Purposive sampling “involves 

selecting a sample based on the researcher’s experience or knowledge of the group to be 

sampled” (Lunenburg & Irby, 2008, p. 175).  The sample was specifically chosen, as 

these were the only two schools that implemented PLTW Launch in fifth grade during the 

2015-2016 school year.  A student was included in the sample if the following criteria 

were met: 

1. The student was enrolled in the fifth grade at Center Elementary or Red 

Bridge Elementary during the 2015-2016 school year in the Center School 

District; 
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2. Math Science Technology (MST) survey was completed before PLTW 

Launch implementation; and 

3. The student completed the post-MST survey after PLTW Launch 

implementation.    

Instrumentation 

 The Childhood and Beyond Wave 5 survey (Gender & Achievement Research 

Program, 2015c), designed by Eccles from the University of Michigan’s Childhood and 

Beyond project, was modified and used in this study.  Items from the Wave 5 survey 

were selected to determine the sample’s self-concept, value/importance, and interest in 

mathematics, science, and technology (Gender & Achievement Research Program, 

2015c).  See Appendix B for the original Wave 5 survey.  The survey was created for the 

Childhood and Beyond project that began in 1987 and continued through 1999 (Gender 

& Achievement Research Program, 2015d).  The project was a longitudinal, cross-

sectional study with data collection beginning in 1987 (Gender & Achievement Research 

Program, 2015a, 2015b).  Various surveys were created for the project (Gender & 

Achievement Research Program, 2015a).  Eccles granted permission to use and modify 

surveys created for the Childhood and Beyond project.  The instrument created for Wave 

5 was selected, and modifications were made to the survey. 

 The Wave 5 survey was selected for three reasons.  First, the Childhood and 

Beyond project and the Wave 5 survey aligned with the research questions and variables 

for this study.  The Wave 5 survey had items that specifically addressed self-concept, 

value/importance, and interest (Denissen et al., 2007; Wigfield et al., 1997).  Second, the 

Wave 5 survey was adaptable.  Eccles designed each of the surveys in such a way that 
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areas of focus could be modified, keeping the items similar.  For example in the question, 

“How much do you like doing math?,” the mathematics domain could be removed and 

replaced with another domain, such as science or technology (see Appendix B).  Third, 

the format of the Wave 5 survey was age appropriate for the sample.  The readability and 

understanding of the question matched the sample (Gender & Achievement Research 

Program, 2015c). 

 Four modifications were made to the Wave 5 survey.  First, items from the 

mathematics section were used with all other items excluded from the modified survey.  

Second, the word “math” was substituted with either “science” or “technology” to create 

two additional sections.  Third, items 12, 13, 15, 16, and 17 in the Wave 5 mathematics 

section were removed from the modified survey because they did not measure self-

concept, value/importance, or interest (see Appendix B).  Fourth, a description of 

technology at the beginning of the technology section was included to ensure participants 

used the same definition for technology.  See Appendix C for the directions listed before 

the technology section in the modified survey.    

 Measurement. The survey consisted of three sections that examined a specific 

academic domain: mathematics, science, and technology.  Within each academic domain, 

self-concept, value/importance, and interest were used to determine if a change existed 

after PLTW Launch implementation.  Staying consistent with portions of Eccles’ Wave 5 

survey, a 7-point semantic differential ordinal scale was used for each item with one 

being the lowest score and seven being the highest score (see Appendix C for MST 

Survey) (Denissen, Zarrett, & Eccles, 2007; Wigfield et al., 1997).  Anchors that aligned 

with the wording of the item were placed below 1, 4, and 7.  For example, the following 
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anchors were used for the item “In general, I find working on math assignments:”  “1 - 

Very boring,” “4 – O.K.,” and “7 – Very interesting (very fun).”  The answers provided 

the ordinal data for use in this study.  Each section consisted of 13 items numbered 1 

through 13.  Items 1-5 of each section measured the students’ self-concept for RQ1 and 

RQ4. 

1. How good at (domain) are you? 

2. Compared to most of your other activities, how good are you at (domain)? 

3. If you were to list all of the students in your grade from the worst to the best 

in (domain), where would you put yourself? 

4. How well do you expect to do in (domain) next year? 

5. How good would you be at learning something new in (domain)?  

(Gender & Achievement Research Program, 2015c), 

To determine a self-concept score for each domain, responses to survey items 1-5 were 

added.  The self-concept score for each domain could range from 5 to 35.  The change in 

self-concept was calculated by subtracting the self-concept pre-implementation survey 

total from the self-concept post-implementation survey total.  The change in 

value/importance for each domain could range from 0 to 30.    

 Items 6-9 of each section measured the students’ value/importance for RQ2 and 

RQ6.   

6. In general, how useful is what you learn in (domain)? 

7. Compared to most of your other activities, how useful is what you learn in 

(domain)? 

8. For me, being good at (domain) is? 
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9. Compared to most of your other activities, how important is it to you to be 

good at (domain)? (Gender & Achievement Research Program, 2015c)  

To determine a value/importance score for each domain, responses to survey items 6-9 

were added.  The value/importance score for each domain could range from 4 to 28.  The 

change in value/importance was determined by subtracting the value/importance pre-

implementation survey total from the value/importance post-implementation survey total.  

The change in value/importance for each domain could range from 0 to 24.   

 Items 10-13 of each section measured the students’ interest for RQ3 and RQ8. 

10. How much do you like doing (domain)? 

11. Compared to most of your other activities, how much do you like (domain)? 

12. In general, I find working on (domain) assignments to be. 

How often do you wish you were doing something else when you do 

(domain)? (Gender & Achievement Research Program, 2015c) 

To determine an interest score for each domain, responses from survey items 10-13 were 

added.  The interest score for each domain could range from 4 to 28.  The change in 

interest was determined by subtracting the interest pre-implementation survey total from 

the interest post-implementation survey total.  The change in interest for each domain 

could range from 0 to 24. 

 Validity and reliability. Eccles’ Wave 5 survey, along with the other surveys 

developed for the Childhood and Beyond project, was documented for validity and 

reliability in multiple studies (Denissen et al., 2007; Eccles, O’Neil, & Wigfield, 2005; 

Sainz & Eccles, 2011; Simpkins et al., 2006).  The Wave 5 survey, along with the other 

Childhood and Beyond project surveys, was designed in a such a way that modifications 
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to the specific domain could be made without affecting the survey’s validity and 

reliability (Eccles et al., 2005).  A valid and reliable survey is maintained even when the 

researcher substitutes domains (Eccles et al., 2005).   

 The Wave 5 survey was analyzed for face, discriminant, and predictive validity.  

The team concluded that the face validity was high due to the linguistic overlap between 

items.  Factor analytic results indicated the discriminant validity of the scales (Eccles et 

al., 2005).  Finally, predictive validity was confirmed “by the expected gender differences 

and developmental declines in each scale, the expected relations of the scales to both 

parent and teacher ratings, and the expected relations of the scales to each other” (Eccles 

et al., 2005, p. 245).   

 To determine reliability, Eccles and her team ran factor analyses to determine if 

elementary aged children had good psychometric properties and were comparable to 

previous analyses done by her team with adolescents (Eccles et al., 2005; Wigfield et al., 

1997).  Within the math domain, Eccles’ team found similar factors for children as young 

as first grade.  Item analysis indicated scales that were “good to excellent, with 

Cronbach’s alphas ranging from .53 to .82 (Eccles et al., 2005, 244-245).  Cronbach’s 

alpha was computed to compare the reliability of the science and technology items.  

Further alphas were provided on the Childhood and Beyond project website specific to 

the Wave 5 survey.  For math self-concept, the provided alpha was .92.  For the math 

value/importance, the provided alpha was .84.  For math interest, the provided alpha was 

.91 (Gender & Achievement Research Program, 2015d).  All three subscales provided 

evidence of an internal consistency above Lunenburg and Irby’s (2008) recommended .80 

acceptable threshold.      
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 In summary, the selected instrument was valid and reliable and remained valid 

and reliable even with the mentioned modifications (Eccles et al., 2005).  Eccles et al. 

(2005) supported these modifications by designing an instrument that allowed domains to 

be substituted, keeping the wording and scoring system the same.  “The wording of these 

items was essentially the same in each domain.  All items in all domains were answered 

using response scales ranging from 1 to 7” (Eccles et al., 2005, p. 244).  The selected 

survey allows the researcher to substitute the domains of science and technology in place 

of the mathematics domain. 

 Other variables. The variable gender (male, female) was utilized for RQ4, RQ6, 

and RQ8.  The variable selected STEM units taught (PLTW recommended, teacher 

recommended) were utilized for RQ5, RQ7, and RQ9.  Students attending Red Bridge 

Elementary were taught the PLTW recommended units.  Students attending Center 

Elementary were taught the teacher recommended units.      

Data Collection Procedures  

 Permission to use and modify the Childhood and Beyond project survey was 

granted by Eccles via an email from Banerjee on August 3, 2015 (see Appendix D).  

Permission to use archival data for this study was verbally granted by the superintendent 

of schools (S. Nibbelink, personal communication, September 18, 2015).  An Institutional 

Review Board (IRB) for approval to conduct the study was submitted to Baker University 

on March 26, 2016 (see Appendix E).  The University approved the IRB request on April 

12, 2016 (see Appendix F).  The Center School District administered the survey and 

collected the data during the 2015-2016 school year to determine if the newly 

implemented program had positive outcomes.  To ensure confidentiality, school 
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personnel downloaded the data into an Excel spreadsheet, replaced names and other 

identifying characteristics with codes, and shared the Excel file with the researcher via 

email.  The Excel file was then downloaded by the researcher and stored in a password-

protected Google Drive.  The researcher was the only one with access to the file.  

Data Analysis and Hypothesis Testing 

 Responses to each of the 39 survey items were analyzed using JASP 0.7.5.5 

software to determine if students’ self-concept, value/importance, and interest in 

mathematics, science, and technology significantly changed after PLTW implementation.  

Survey responses were also analyzed to determine if there was a significant difference 

between genders.  Lastly, survey responses were analyzed to determine if there was a 

significant difference in self-concept, value/importance, and interest in mathematics, 

science, and technology between students who were taught the PLTW recommended 

units compared to students who were taught the teacher recommended units.  The 

following research questions and hypotheses were established for this study.  All research 

questions were measured using the scores from the student survey. 

RQ1. To what extent is there a difference in fifth grade students’ self-concept of 

mathematics, students’ self-concept of science, and students’ self-concept of technology 

as measured before and after implementation of Project Lead the Way Launch? 

 H1. There is a difference in fifth grade students’ self-concept of mathematics, as 

measured before and after the implementation of Project Lead the Way Launch. 

 H2. There is a difference in fifth grade students’ self-concept of science, as 

measured before and after the implementation of Project Lead the Way Launch. 
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 H3. There is a difference in fifth grade students’ self-concept of technology, as 

measured before and after the implementation of Project Lead the Way Launch.  

RQ2. To what extent is there a difference in fifth grade students’ 

value/importance of mathematics, value/importance of science, and value/importance of 

technology as measured before and after the implementation of Project Lead the Way 

Launch? 

 H4. There is a difference in fifth grade students’ value/importance of 

mathematics, as measured before and after the implementation of Project Lead the Way 

Launch. 

 H5. There is a difference in fifth grade students’ value/importance of science, as 

measured before and after the implementation of Project Lead the Way Launch. 

 H6. There is a difference in fifth grade students’ value/importance of technology, 

as measured before and after the implementation of Project Lead the Way Launch. 

RQ3. To what extent is there a difference in fifth grade students’ interest in 

mathematics, interest in science, and interest in technology as measured before and after 

the implementation of Project Lead the Way Launch? 

 H7. There is a difference in fifth grade students’ interest in mathematics, as 

measured before and after implementation of Project Lead the Way Launch. 

 H8. There is a difference in fifth grade students’ interest in science, as measured 

before and after implementation of Project Lead the Way Launch. 

 H9. There is a difference in fifth grade students’ interest in technology, as 

measured before and after implementation of Project Lead the Way Launch. 
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 Paired-samples t tests were conducted to test H1-H9.  The before implementation 

survey scores were compared to the after implementation survey scores to assess the 

change in self-concept in mathematics, science, and technology; value/importance in 

mathematics, science, and technology; and interest in mathematics, science, and 

technology.  The level of significance was set at .05. 

RQ4. To what extent is the change in fifth grade students’ self-concept of 

mathematics, self-concept of science, and self-concept of technology, as measured before 

and after the implementation of Project Lead the Way Launch, affected by gender? 

 H10. The change in fifth grade students’ self-concept of mathematics, as 

measured before and after the implementation of Project Lead the Way Launch, is 

affected by gender. 

 H11. The change in fifth grade students’ self-concept of science, as measured 

before and after the implementation of Project Lead the Way Launch, is affected by 

gender.  

 H12. The change in fifth grade students’ self-concept of technology, as measured 

before and after the implementation of Project Lead the Way Launch, is affected by 

gender.  

RQ5. To what extent is the change in fifth grade students’ self-concept of 

mathematics, self-concept of science, and self-concept of technology, as measured before 

and after implementation of Project Lead the Way Launch, affected by the selected 

STEM units taught (PLTW recommended vs. teacher recommended)? 

 H13. The change in fifth grade students’ self-concept of mathematics, as 

measured before and after the implementation of Project Lead the Way Launch, is 



74 

 

 

affected by the selected STEM units taught (PLTW recommended vs. teacher 

recommended). 

 H14. The change in fifth grade students’ self-concept of science, as measured 

before and after the implementation of Project Lead the Way Launch, is affected by the 

selected STEM units taught (PLTW recommended vs. teacher recommended). 

 H15. The change in fifth grade students’ self-concept of technology, as measured 

before and after the implementation of Project Lead the Way Launch, is affected by the 

selected STEM units taught (PLTW recommended vs. teacher recommended). 

RQ6. To what extent is the change in fifth grade students’ value/importance of 

mathematics, value/importance of science, and value/importance of technology, as 

measured before and after the implementation of Project Lead the Way Launch, affected 

by gender? 

 H16. The change in fifth grade students’ value/importance in mathematics, as 

measured before and after the implementation of Project Lead the Way Launch, is 

affected by gender. 

 H17. The change in fifth grade students’ value/importance of science, as 

measured before and after the implementation of Project Lead the Way Launch, is 

affected by gender. 

 H18. The change in fifth grade students’ value/importance of technology, as 

measured before and after the implementation of Project Lead the Way Launch, is 

affected by gender.   

RQ7. To what extent is the change in fifth grade students’ value/importance of 

mathematics, value/importance of science, and value/importance of technology, as 
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measured before and after the implementation of Project Lead the Way Launch, affected 

by the selected STEM units taught (PLTW recommended vs. teacher recommended)?  

 H19. The change in fifth grade students’ value/importance of mathematics, as 

measured before and after the implementation of Project Lead the Way Launch, is 

affected by the selected STEM units taught (PLTW recommended vs. teacher 

recommended). 

 H20. The change in fifth grade students’ value/importance of science, as 

measured before and after the implementation of Project Lead the Way Launch, is 

affected by the selected STEM units taught (PLTW recommended vs. teacher 

recommended). 

 H21. The change in fifth grade students’ value/importance of technology, as 

measured before and after the implementation of Project Lead the Way Launch, is 

affected by the selected STEM units taught (PLTW recommended vs. teacher 

recommended). 

RQ8. To what extent is the change in fifth grade students’ interest in 

mathematics, interest in science, and interest in technology, as measured before and after 

the implementation of Project Lead the Way Launch, affected by gender? 

H22. The change in fifth grade students’ interest in mathematics, as measured 

before and after the implementation of Project Lead the Way Launch, is affected by 

gender. 

H23. The change in fifth grade students’ interest in science, as measured before 

and after the implementation of Project Lead the Way Launch, is affected by gender. 
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H24. The change in fifth grade students’ interest in technology, as measured 

before and after the implementation of Project Lead the Way Launch, is affected by 

gender. 

RQ9. To what extent is the change in fifth grade students’ interest in 

mathematics, interest in science, and interest in technology, as measured before and after 

the implementation of Project Lead the Way Launch, affected by the selected STEM 

units taught (PLTW recommended vs. teacher recommended)?  

H25. The change in fifth grade students’ interest in mathematics, as measured 

before and after the implementation of Project Lead the Way Launch, is affected by the 

selected STEM units taught (PLTW recommended vs. teacher recommended). 

H26. The change in fifth grade students’ interest in science, as measured before 

and after the implementation of Project Lead the Way Launch, is affected by the selected 

STEM units taught (PLTW recommended vs. teacher recommended). 

H27. The change in fifth grade students’ interest in technology, as measured 

before and after the implementation of Project Lead the Way Launch, is affected by the 

selected STEM units taught (PLTW recommended vs. teacher recommended).  

 Two-sample t tests were conducted to test H10-H27.  Two sample means were 

compared for each domain (mathematics, science, and technology).  The level of 

significance was set at .05.   

Limitations 

 Lunenburg and Irby (2008) define limitations as the factors in a research study 

that cannot be controlled.  It is important to identify limitations as they “may have an 
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effect on the interpretation of the findings or on the generalizability of the results” (p. 

133).  The following limitations were identified for the present study: 

1. There was a national emphasis on instruction in STEM areas during this 

study.  Due to this national emphasis, it was possible that the sample was 

exposed to additional STEM instruction.  Therefore, changes in students’ self-

concept, value/importance, and interest cannot be exclusively attributed to 

PLTW Launch.    

2. A teacher’s personal beliefs and attitudes toward specific subjects could 

influence students’ self-concepts, what students value and find important, and 

students’ interests.  Teachers who value STEM might naturally influence their 

students’ STEM self-concepts, what students value and find important, and 

students’ interests.  Therefore, changes in students’ self-concept, 

value/importance, and interest cannot be solely attributed to PLTW Launch 

curriculum.    

3. PLTW Launch was a new curriculum during the study.  Additions and 

omissions by Project Lead the Way, Inc. occurred during the first years of 

PLTW Launch.  Therefore, the survey data for the study is time-bound to the 

2015-2016 school year and should not be generalized beyond this date.   

4. Professional development was limited to a train-the-trainer model.  The 

teachers who implemented PLTW Launch for this study did not receive direct 

professional development from PLTW employees. 
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Summary 

 A one-group pretest-posttest nonequivalent control group design was used in this 

study (Lunenburg & Irby, 2008).  Survey research, using the MST survey, which was a 

modification of a survey from the University of Michigan’s Childhood and Beyond 

project, was used to collect data to determine the extent of change in fifth grade students’ 

self-concept, value/importance, and interest in mathematics, science, and technology after 

PLTW Launch implementation.  Subsequently, the MST survey was used to determine if 

the change in students’ self-concept, value/importance, and interest in mathematics, 

science, and technology was significantly different between genders and selected STEM 

units taught after PLTW Launch implementation.  The methodology used to conduct the 

study was described in this chapter.  The research design was provided, the population 

and sample were identified, and sampling procedures were described.  Instrumentation 

used for the study, along with measurement, validity, and reliability was explained.  The 

procedures for data collection were detailed, and the data analysis and hypothesis testing 

was described.  Lastly, the limitations of the study were presented.  In chapter four, the 

results of the statistical analyses and hypothesis testing are provided. 
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Chapter Four 

Results 

The purpose of this study was to determine whether fifth grade students’ self-

concept, value/importance, and interest in mathematics, science, and technology changed 

as a result of participation in PLTW Launch.  An additional purpose of this study was to 

determine whether the change in fifth grade students’ self-concept, value/importance, and 

interest in mathematics, science, and technology changed after the participation in PLTW 

Launch was affected by student gender or the selected STEM units taught (PLTW 

recommended vs. teacher recommended).  Provided in this chapter are the descriptive 

statistics for the sample and the results of the quantitative analysis for each of the 

hypotheses.  Paired-samples t tests were conducted to address RQ1-RQ3.  Two-sample t 

tests were conducted to address RQ4-RQ9.   

Descriptive Statistics 

 Before the implementation of PLTW Launch, the MST survey was administered 

to 87 fifth grade students attending Center Elementary and Red Bridge Elementary.  Of 

the 87 respondents who completed the before implementation survey, 44 students 

attended Center Elementary, and the remaining 43 respondents attended Red Bridge 

Elementary.  After the implementation of PLTW Launch, the MST survey was 

administered to 78 of the 87 students who took the before implementation survey.  Of the 

78 respondents who completed the after implementation survey, 39 students attended 

Center Elementary, and 39 students attended Red Bridge Elementary.  Nine students who 

completed the before implementation MST survey moved from the school district before 

the after implementation survey was administered.  Responses for these nine students 
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were discarded and not used in the data analysis resulting in a final study group size of 78 

students.  

Respondents to both the before implementation MST survey and the after 

implementation MST survey inadvertently left items unanswered.  Instead of discarding 

the entire survey, these items were discarded leaving that domain (mathematics, science, 

and technology) and variable (self-concept, value/importance, and interest) of the MST 

survey void for that particular respondent.  Therefore, the number of respondents per 

hypothesis varies depending on the number of completed MST pre- and post-treatment 

responses collected. 

 While no hypothesis testing was conducted, it should be noted that the sample 

studied generally had positive attitudes toward mathematics, science, and technology 

before and after PLTW Launch implementation.  The before implementation self-concept 

mean for mathematics was 25.77 out of 35 and the after implementation self-concept 

mean for mathematics was 25.08 out of 35.  Both means were more than 5-points higher 

than a neutral score of 20.  The before implementation self-concept mean for science was 

25.65 out of 35 and the after implementation self-concept mean for science was 27.17 out 

of 35.  Again, both means were more than 5 points higher than a neutral score of 20.  The 

before implementation self-concept mean for technology was 29.01 out of 35 and the 

after implementation self-concept mean for technology was 28.81 out of 35.  As with 

mathematics and science, technology self-concept before and after implementation was 

more than 5 points higher than a neutral score of 20 indicating that students generally had 

a positive self-concept of mathematics, science, and technology.   
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 The same was also found for value/importance of mathematics, science, and 

technology.  The before implementation value/importance mean for mathematics was 

22.53 out of 28 and the after implementation value/importance mean for mathematics 

was 22.24 out of 28.  Both means were more than 5 points higher than what would be 

considered a neutral score of 16.  The before implementation value/importance mean for 

science was 21.04 out of 28 and the after implementation value/importance mean for 

science was 21.36 out of 28.  Again, both means were more than 5 points higher than a 

neutral score of 16.  The before implementation value/importance mean for technology 

was 22.15 out of 28 and the after implementation value/importance mean for technology 

was 22.36 out of 28.  As with mathematics and science value/importance, technology 

value/importance before and after implementation was more than 5 points higher than a 

neutral score of 16. 

 Like self-concept and value/importance, overall interest in mathematics, science, 

and technology was generally positive.  The before implementation interest mean for 

mathematics was 19.20 out of 28 and the after implementation interest mean for 

mathematics was 19.36 out of 28.  Both means were more than 3 points higher than what 

would be considered a neutral score of 16.  The before implementation interest mean for 

science was 20.17 out of 28 and the after implementation interest mean for science was 

21.03 out of 28.  The before interest mean for science was more than 4 points higher and 

rose to over 5 points higher than what would be considered a neutral score of 16.  The 

before implementation interest mean for technology was 22.09 out of 28 and the after 

implementation interest mean for technology was 22.20 out of 28.  As with science 

interest, technology interest before and after implementation was more than 5 points 
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higher than a neutral score of 16.  Table 3 contains a summary of self-concept, 

value/importance, and interest before and after mean scores compared with the neutral 

and maximum scores.     

Table 3 

Self-Concept, Value/Importance, and Interest Mean Scores 

Variable Domain Before After Neutral Max 

Self-concept Mathematics 25.770 25.080 20 35 

 

Science 25.650 27.170 20 35 

 

Technology 29.010 28.810 20 35 

Value/Importance Mathematics 22.530 22.240 16 28 

 

Science 21.040 21.360 16 28 

 

Technology 22.150 22.360 16 28 

Interest Mathematics 19.200 19.360 16 28 

 

Science 20.170 21.030 16 28 

 

Technology 22.090 22.200 16 28 

  

 Other patterns among the data emerged that are important to note.  Fifth grade 

students’ self-concept of technology had the greatest before implementation mean score 

(29.01) and the greatest after implementation mean score (28.81).  While the mean self-

concept of technology score decreased after implementation, the after implementation 

mean was still more than 1.5 points higher than the after self-concept of science mean 

and 3.5 points higher than the after self-concept of mathematics mean.  Overall, fifth 

grade students’ self-concept of mathematics mean score, value/importance of 

mathematics mean score, and self-concept of technology mean score decreased after 
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implementation.  An important fact to note was the decrease for self-concept of 

mathematics after implementation was greatest among fifth grade females.  However, the 

decrease in value/importance of mathematics and self-concept of technology after 

implementation was greatest among fifth grade males.  See Table 4 for mean 

increase/decrease comparisons between genders.  Additionally, one can see in Table 4 

that fifth grade male scores had the greatest after implementation increases and least after 

implementation decreases in six of the nine areas as compared to fifth grade females. 

Table 4 

Mean Increase/Decrease after PLTW Launch Implementation by Gender 

 Male Mean Increase/Decrease Female Mean Increase/Decrease 

SC mathematics -0.543 -0.833 

SC science 2.611 0.400 

SC technology -0.921 0.556 

VI mathematics -0.838 0.270 

VI science 0.500 0.094 

VI technology -0.135 0.568 

I mathematics 0.632 -0.316 

I science 1.385 0.194 

I technology 0.579 -0.378 

Note. SC = Self-concept, VI = Value/Importance, and I = Interest 

 Last, fifth grade students at Red Bridge Elementary had after implementation 

decreases in three of the nine areas as opposed to fifth grade students at Center 

Elementary seeing decreases in five of the nine areas.  See Table 5 for mean 

increase/decrease after implementation for Center Elementary and Red Bridge 

Elementary.  Additionally, one can see in Table 5 that fifth grade students at Red Bridge 

Elementary saw the greatest after implementation increases and least after 
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implementation decreases in six of the nine areas as compared to fifth grade students at 

Center Elementary.  It is also interesting to note, fifth grade students at Red Bridge 

Elementary saw mean after implementation increases in self-concept of science, 

value/importance of science, and interest in science.  Science was the only domain where 

an elementary school saw mean after implementation increases with all three dependent 

variables (self-concept, value/importance, & interest).   

Table 5 

Mean Increase/Decrease after PLTW Launch Implementation by School 

 Center Elementary Red Bridge Elementary 

Self-concept mathematics -1.971 0.474 

Self-concept science 1.250 1.744 

Self-concept technology -0.371 -0.053 

Value/Importance mathematics 0.057 -0.590 

Value/Importance science -0.281 0.838 

Value/Importance technology 0.457 0.000 

Interest mathematics -0.324 0.615 

Interest science -0.206 1.861 

Interest technology 0.611 -0.359 

 

Hypothesis Testing 

The following section includes the data analysis for RQ1-RQ9.  Included in the 

data analysis for each hypothesis are the t statistic, degrees of freedom (df), and p value.  

Additionally, the sample mean(s) (M) and standard deviation (SD) are reported for RQ1-

RQ9.  However, it should be noted that the sample means reported for RQ4-RQ9 have 

the potential to be a negative mean.  A negative mean would occur if the change in 
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survey score from before implementation to after implementation had an overall 

decrease.   

RQ1. To what extent is there a difference in fifth grade students’ self-concept of 

mathematics, self-concept of science, and self-concept of technology as measured before 

and after implementation of Project Lead the Way Launch? 

 H1. There is a difference in fifth grade students’ self-concept of mathematics, as 

measured before and after the implementation of Project Lead the Way Launch. 

A paired-samples t test was conducted to test H1.  The before implementation 

survey scores were compared to the after implementation survey scores to assess the 

change in self-concept of mathematics.  The level of significance was set at .05.  The 

results of the paired-samples t test indicated no statistically significant difference between 

the mean values, t = 1.230, df = 70, p = 0.223.  As shown in Table 6, the sample mean for 

before PLTW implementation (M = 25.77, SD = 5.499) was not significantly different 

from the sample mean for after PLTW implementation (M = 25.08, SD = 5.261).  The 

hypothesis was not supported by the data.  On average, a student’s self-concept of 

mathematics before and after PLTW implementation was not significantly different.   

Table 6 

Descriptive Statistics for the Results of the Test for H1 

 M SD N 

Before implementation 25.77 5.499 71 

After implementation 25.08 5.261 71 

 

 H2. There is a difference in fifth grade students’ self-concept of science, as 

measured before and after the implementation of Project Lead the Way Launch. 
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A paired-samples t test was conducted to test H2.  The before implementation 

survey scores were compared to the after implementation survey scores to assess the 

change in self-concept of science.  The level of significance was set at .05.  As shown in 

Table 7, the results of the paired-samples t test indicated a statistically significant 

difference between the two values, t = 2.864, df = 70, p = 0.006.  The sample mean for 

before PLTW implementation (M = 25.65, SD = 5.246) was significantly less than the 

sample mean for after PLTW implementation (M = 27.17, SD = 5.113).  The hypothesis 

was supported by the data.  On average, a student’s self-concept of science before and 

after PLTW implementation was significantly different.  The sample mean for after the 

implementation was higher than the sample mean before the implementation.   

Table 7 

Descriptive Statistics for the Results of the Test for H2 

 M SD N 

Before implementation 25.65 5.246 71 

After implementation 27.17 5.113 71 

 

 H3. There is a difference in fifth grade students’ self-concept of technology, as 

measured before and after the implementation of Project Lead the Way Launch.  

 A paired-samples t test was conducted to test H3.  The before implementation 

survey scores were compared to the after implementation survey scores to assess the 

change in self-concept of mathematics.  The level of significance was set at .05.  As 

shown in Table 8, the results of the paired-samples t test indicated no statistically 

significant difference between the two values, t = -0.301, df = 73, p = 0.764.  The sample 

mean for before PLTW implementation (M = 29.01, SD = 5.597) was not significantly 
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different from the sample mean for after PLTW implementation (M = 28.81, SD = 4.959).  

The hypothesis was not supported by the data.  On average, a student’s self-concept of 

technology before and after PLTW implementation was not significantly different. 

Table 8 

Descriptive Statistics for the Results of the Test for H3 

 M SD N 

Before implementation 29.01 5.597 74 

After implementation 28.81 4.959 74 

 

RQ2. To what extent is there a difference in fifth grade students’ 

value/importance of mathematics, value/importance of science, and value/importance of 

technology as measured before and after the implementation of Project Lead the Way 

Launch? 

 H4. There is a difference in fifth grade students’ value/importance of 

mathematics, as measured before and after the implementation of Project Lead the Way 

Launch. 

A paired-samples t test was conducted to test H4.  The before implementation 

survey scores were compared to the after implementation survey scores to assess the 

change in value/importance of mathematics.  The level of significance was set at .05.  As 

shown in Table 9, the results of the paired-samples t test indicated no statistically 

significant difference between the two values, t = -0.681, df = 73, p = 0.498.  The sample 

mean for before PLTW implementation (M = 22.53, SD = 3.579) was not significantly 

different from the sample mean for after PLTW implementation (M = 22.24, SD = 3.078).  



88 

 

 

The hypothesis was not supported by the data.  On average, a student’s value/importance 

of mathematics before and after PLTW implementation was not statistically different. 

Table 9 

Descriptive Statistics for the Results of the Test for H4 

 M SD N 

Before implementation 22.53 3.579 74 

After implementation 22.24 3.078 74 

 

 H5. There is a difference in fifth grade students’ value/importance of science, as 

measured before and after the implementation of Project Lead the Way Launch. 

A paired-samples t test was conducted to test H5.  The before implementation 

survey scores were compared to the after implementation survey scores to assess the 

change in value/importance of science.  The level of significance was set at .05.  As 

shown in Table 10, the results of the paired-samples t test indicated no statistically 

significant difference between the two values, t = 0.729, df = 69, p = 0.468.  The sample 

mean for before PLTW implementation (M = 21.04, SD = 4.431) was not significantly 

different from the sample mean for after PLTW implementation (M = 21.36, SD = 3.923).  

The hypothesis was not supported by the data.  On average, a student’s value/importance 

of science before and after the PLTW implementation was not significantly different. 

Table 10 

Descriptive Statistics for the Results of the Test for H5 

 M SD N 

Before implementation 21.04 4.431 70 

After implementation 21.36 3.923 70 
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 H6. There is a difference in fifth grade students’ value/importance of technology, 

as measured before and after the implementation of Project Lead the Way Launch. 

A paired-samples t test was conducted to test H6.  The before implementation 

survey scores were compared to the after implementation survey scores to assess the 

change in value/importance of technology.  The level of significance was set at .05.  As 

shown in Table 11, the results of the paired-samples t test indicated no statistically 

significant difference between the two values, t = 0.436, df = 73, p = 0.664.  The sample 

mean for before PLTW implementation (M = 22.15, SD = 3.902) was not significantly 

different from the sample mean for after PLTW implementation (M = 22.36, SD = 3.887).  

The hypothesis was not supported by the data.  On average, a student’s value/importance 

of technology before and after PLTW implementation was not significantly different. 

Table 11 

Descriptive Statistics for the Results of the Test for H6 

 M SD N 

Before implementation 22.15 3.902 74 

After implementation 22.36 3.887 74 

 

RQ3. To what extent is there a difference in fifth grade students’ interest in 

mathematics, interest in science, and interest in technology as measured before and after 

the implementation of Project Lead the Way Launch? 

 H7. There is a difference in fifth grade students’ interest in mathematics, as 

measured before and after implementation of Project Lead the Way Launch. 

A paired-samples t test was conducted to test H7.  The before implementation 

survey scores were compared to the after implementation survey scores to assess the 
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change in interest in mathematics.  The level of significance was set at .05.  As shown in 

Table 12, the results of the paired-samples t test indicated no statistically significant 

difference between the two values, t = 0.258, df = 75, p = 0.797.  The sample mean for 

before PLTW implementation (M = 19.20, SD = 6.007) was not significantly different 

from the sample mean for after PLTW implementation (M = 19.36, SD = 5.027).  The 

hypothesis was not supported by the data.  On average, a student’s interest in 

mathematics before and after PLTW implementation was not significantly different. 

Table 12 

Descriptive Statistics for the Results of the Test for H7  

 M SD N 

Before implementation 19.20 6.007 76 

After implementation 19.36 5.027 76 

 

 H8. There is a difference in fifth grade students’ interest in science, as measured 

before and after implementation of Project Lead the Way Launch. 

A paired-samples t test was conducted to test H8.  The before implementation 

survey scores were compared to the after implementation survey scores to assess the 

change in interest in science.  The level of significance was set at .05.  As shown in Table 

13, the results of the paired-samples t test indicated no statistically significant difference 

between the two values, t = 1.400, df = 69, p = 0.166.  The sample mean for before 

PLTW implementation (M = 20.17, SD = 5.359) was not significantly different from the 

sample mean for after PLTW implementation (M = 21.03, SD = 5.368).  The hypothesis 

was not supported by the data.  On average, a student’s interest in science before and 

after PLTW implementation was not significantly different. 
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Table 13 

Descriptive Statistics for the Results of the Test for H8  

 M SD N 

Before implementation 20.17 5.359 70 

After implementation 21.03 5.368 70 

 

 H9. There is a difference in fifth grade students’ interest in technology, as 

measured before and after implementation of Project Lead the Way Launch. 

A paired-samples t test was conducted to test H9.  The before implementation 

survey scores were compared to the after implementation survey scores to assess the 

change in interest in technology.  The level of significance was set at .05.  As shown in 

Table 14, the results of the paired-samples t test indicated no statistically significant 

difference between the two values, t = 0.200, df = 74, p = 0.842.  The sample mean for 

before PLTW implementation (M = 22.09, SD = 4.485) was not significantly different 

from the sample mean for after PLTW implementation (M = 22.20, SD = 3.770).  The 

hypothesis was not supported by the data.  On average, a student’s interest in technology 

before and after PLTW implementation was not significantly different. 

Table 14 

Descriptive Statistics for the Results of the Test for H9  

 M SD N 

Before implementation 22.09 4.485 75 

After implementation 22.20 3.770 75 
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 RQ4. To what extent is the change in fifth grade students’ self-concept of 

mathematics, self-concept of science, and self-concept of technology, as measured before 

and after the implementation of Project Lead the Way Launch, affected by gender? 

 H10. The change in fifth grade students’ self-concept of mathematics, as 

measured before and after the implementation of Project Lead the Way Launch, is 

affected by gender. 

A two-sample t test was conducted to test H10.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 15, the results of 

the two-sample t test indicated no statistically significant difference between the two 

values, t = -0.257, df = 69, p = 0.798.  The sample mean change for males (M = -0.543, 

SD = 5.135) was not significantly different from the sample mean change for females (M 

= -0.833, SD = 4.365).  The hypothesis was not supported by the data.  On average, the 

mean change in student’s self-concept of mathematics before and after PLTW 

implementation was not significantly affected by student gender. 

Table 15 

Descriptive Statistics for the Results of the Test for H10 

 M SD N 

Males -0.543 5.135 36 

Females -0.833 4.365 35 

 

 H11. The change in fifth grade students’ self-concept of science, as measured 

before and after the implementation of Project Lead the Way Launch, is affected by 

gender.  
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A two-sample t test was conducted to test H11.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 16, the results of 

the two-sample t test indicated a statistically significant difference between the two 

values, t = -2.134, df = 69, p = 0.036.  The sample mean change for males (M = 2.611, SD 

= 4.716) was significantly different from the sample mean change for females (M = 

0.400, SD = 3.972).  The hypothesis was supported by the data.  On average, the mean 

change in student’s self-concept of science before and after PLTW implementation was 

significantly affected by student gender.  The mean change for males was significantly 

higher than was the mean change for females.  

Table 16 

Descriptive Statistics for the Results of the Test for H11 

 M SD N 

Males 2.611 4.716 36 

Females 0.400 3.972 35 

 

 H12. The change in fifth grade students’ self-concept of technology, as measured 

before and after the implementation of Project Lead the Way Launch, is affected by 

gender.  

A two-sample t test was conducted to test H12.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 17, the results of 

the two-sample t test indicated no statistically significant difference between the two 

values, t = 1.099, df = 72, p = 0.276.  The sample mean change for males (M = -0.921, SD 

= 4.896) was not significantly different from the sample mean change for females (M = 

0.556, SD = 6.583).  The hypothesis was not supported by the data.  On average, the 
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mean change in student’s self-concept of technology before and after PLTW 

implementation was not significantly affected by student gender. 

Table 17 

Descriptive Statistics for the Results of the Test for H11 

 M SD N 

Males -0.921 4.896 38 

Females 0.556 6.583 36 

 

RQ5. To what extent is the change in fifth grade students’ self-concept of 

mathematics, self-concept of science, and self-concept of technology, as measured before 

and after implementation of Project Lead the Way Launch, affected by the selected 

STEM units taught (PLTW recommended vs. teacher recommended)? 

 H13. The change in fifth grade students’ self-concept of mathematics, as 

measured before and after the implementation of Project Lead the Way Launch, is 

affected by the selected STEM units taught (PLTW recommended vs. teacher 

recommended). 

A two-sample t test was conducted to test H13.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 18, the results of 

the two-sample t test indicated a statistically significant difference between the two 

values, t = -2.268, df = 70, p = 0.026.  The sample mean change for Center Elementary 

(M = -1.971, SD = 5.167) was significantly different from the sample mean change for 

Red Bridge Elementary (M = 0.474, SD = 3.951).  The hypothesis was supported by the 

data.  On average, the mean change in student’s self-concept of mathematics before and 

after PLTW implementation was significantly affected by the selected STEM units 
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taught.  The mean change for student’s self-concept of mathematics was significantly 

higher for the students who were taught the PLTW recommended STEM units than the 

mean change for students taught the teacher recommended units.   

Table 18 

Descriptive Statistics for the Results of the Test for H13 

 M SD N 

Center Elementary -1.971 5.167 34 

Red Bridge Elementary 0.474 3.951 38 

 

 H14. The change in fifth grade students’ self-concept of science, as measured 

before and after the implementation of Project Lead the Way Launch, is affected by the 

selected STEM units taught (PLTW recommended vs. teacher recommended). 

A two-sample t test was conducted to test H14.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 19, the results of 

the two-sample t test indicated no statistically significant difference between the two 

values, t = -0.460, df = 69, p = 0.647.  The sample mean change for Center Elementary 

(M = 1.250, SD = 4.048) was not significantly different from the sample mean change for 

Red Bridge Elementary (M = 1.744, SD = 4.838).  The hypothesis was not supported by 

the data.  On average, the mean change in student’s self-concept of science before and 

after PLTW implementation was not significantly affected by the selected STEM units 

taught.   
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Table 19 

Descriptive Statistics for the Results of the Test for H14 

 M SD N 

Center Elementary 1.250 4.048 32 

Red Bridge Elementary 1.744 4.838 39 

 

 H15. The change in fifth grade students’ self-concept of technology, as measured 

before and after the implementation of Project Lead the Way Launch, is affected by the 

selected STEM units taught (PLTW recommended vs. teacher recommended). 

A two-sample t test was conducted to test H15.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 20, the results of 

the two-sample t test indicated no statistically significant difference between the two 

values, t = -0.232, df = 71, p = 0.817.  The sample mean change for Center Elementary 

(M = -0.371, SD = 6.288) was not significantly different from the sample mean change 

for Red Bridge Elementary (M = -0.053, SD = 5.447).  The hypothesis was not supported 

by the data.  On average, the mean change in student’s self-concept of technology before 

and after PLTW implementation was not significantly affected by the selected STEM 

units taught.   

Table 20 

Descriptive Statistics for the Results of the Test for H15 

 M SD N 

Center Elementary -0.371 6.288 35 

Red Bridge Elementary -0.053 5.447 38 

 



97 

 

 

RQ6. To what extent is the change in fifth grade students’ value/importance of 

mathematics, value/importance of science, and value/importance of technology, as 

measured before and after the implementation of Project Lead the Way Launch, affected 

by gender? 

 H16. The change in fifth grade students’ value/importance of mathematics, as 

measured before and after the implementation of Project Lead the Way Launch, is 

affected by gender. 

A two-sample t test was conducted to test H16.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 21, the results of 

the two-sample t test indicated no statistically significant difference between the two 

values, t = 1.336, df = 72, p = 0.186.  The sample mean change for males (M = -0.838, SD 

= 3.701) was not significantly different from the sample mean change for females (M = 

0.270, SD = 3.429).  The hypothesis was not supported by the data.  On average, the 

mean change in student’s value/importance of mathematics before and after PLTW 

implementation was not significantly affected by student gender. 

Table 21 

Descriptive Statistics for the Results of the Test for H16 

 M SD N 

Males -0.838 3.701 37 

Females 0.270 3.429 37 

 

 H17. The change in fifth grade students’ value/importance of science, as 

measured before and after the implementation of Project Lead the Way Launch, is 

affected by gender. 
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A two-sample t test was conducted to test H17.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 22, the results of 

the two-sample t test indicated no statistically significant difference between the two 

values, t = -0.467, df = 68, p = 0.642.  The sample mean change for males (M = 0.500, SD 

= 3.819) was not significantly different from the sample mean change for females (M = 

0.094, SD = 3.383).  The hypothesis was not supported by the data.  On average, the 

mean change in student’s value/importance of science before and after PLTW 

implementation was not significantly affected by student gender. 

Table 22 

Descriptive Statistics for the Results of the Test for H17 

 M SD N 

Males 0.500 3.819 38 

Females 0.094 3.383 32 

 

 H18. The change in fifth grade students’ value/importance of technology, as 

measured before and after the implementation of Project Lead the Way Launch, is 

affected by gender.   

A two-sample t test was conducted to test H18.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 23, the results of 

the two-sample t test indicated no statistically significant difference between the two 

values, t = 0.706, df = 72, p = 0.482.  The sample mean change for males (M = -0.135, SD 

= 4.008) was not significantly different from the sample mean change for females (M = 

0.568, SD = 4.537).  The hypothesis was not supported by the data.  On average, the 
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mean change in student’s value/importance of technology before and after PLTW 

implementation was not significantly affected by student gender. 

Table 23 

Descriptive Statistics for the Results of the Test for H18 

 M SD N 

Males -0.135 4.008 37 

Females 0.568 4.537 37 

 

RQ7. To what extent is the change in fifth grade students’ value/importance of 

mathematics, value/importance of science, and value/importance of technology, as 

measured before and after the implementation of Project Lead the Way Launch, affected 

by the selected STEM units taught (PLTW recommended vs. teacher recommended)?  

 H19. The change in fifth grade students’ value/importance of mathematics, as 

measured before and after the implementation of Project Lead the Way Launch, is 

affected by the selected STEM units taught (PLTW recommended vs. teacher 

recommended). 

A two-sample t test was conducted to test H19.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 24, the results of 

the two-sample t test indicated no statistically significant difference between the two 

values, t = 0.772, df = 72, p = 0.442.  The sample mean change for Center Elementary (M 

= 0.057, SD = 3.718) was not significantly different from the sample mean change for 

Red Bridge Elementary (M = -0.590, SD = 3.485).  The hypothesis was not supported by 

the data.  On average, the mean change in student’s value/importance of mathematics 
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before and after PLTW implementation was not significantly affected by the selected 

STEM units taught. 

Table 24 

Descriptive Statistics for the Results of the Test for H19 

 M SD N 

Center Elementary 0.057 3.718 35 

Red Bridge Elementary -0.590 3.485 39 

 

 H20. The change in fifth grade students’ value/importance of science, as 

measured before and after the implementation of Project Lead the Way Launch, is 

affected by the selected STEM units taught (PLTW recommended vs. teacher 

recommended). 

A two-sample t test was conducted to test H20.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 25, the results of 

the two-sample t test indicated no statistically significant difference between the two 

values, t = -1.282, df = 67, p = 0.204.  The sample mean change for Center Elementary 

(M = -0.281, SD = 3.019) was not significantly different from the sample mean change 

for Red Bridge Elementary (M = 0.838, SD = 4.059).  The hypothesis was not supported 

by the data.  On average, the mean change in student’s value/importance of science 

before and after PLTW implementation was not significantly affected by the selected 

STEM units taught. 
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Table 25 

Descriptive Statistics for the Results of the Test for H20 

 M SD N 

Center Elementary -0.281 3.019 32 

Red Bridge Elementary 0.838 4.059 37 

 

 H21. The change in fifth grade students’ value/importance of technology, as 

measured before and after the implementation of Project Lead the Way Launch, is 

affected by the selected STEM units taught (PLTW recommended vs. teacher 

recommended). 

A two-sample t test was conducted to test H21.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 26, the results of 

the two-sample t test indicated no statistically significant difference between the two 

values, t = 0.458, df = 72, p = 0.649.  The sample mean change for Center Elementary (M 

= 0.457, SD = 3.248) was not significantly different from the sample mean change for 

Red Bridge Elementary (M = 0.000, SD = 5.042).  The hypothesis was not supported by 

the data.  On average, the mean change in student’s value/importance of technology 

before and after PLTW implementation was not significantly affected by the selected 

STEM units taught. 

Table 26 

Descriptive Statistics for the Results of the Test for H21 

 M SD N 

Center Elementary 0.457 3.248 35 

Red Bridge Elementary 0.000 5.042 39 
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RQ8. To what extent is the change in fifth grade students’ interest in 

mathematics, interest in science, and interest in technology, as measured before and after 

the implementation of Project Lead the Way Launch, affected by gender? 

H22. The change in fifth grade students’ interest in mathematics, as measured 

before and after the implementation of Project Lead the Way Launch, is affected by 

gender. 

A two-sample t test was conducted to test H22.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 27, the results of 

the two-sample t test indicated no statistically significant difference between the two 

values, t = -0.773, df = 74, p = 0.442.  The sample mean change for males (M = 0.632, SD 

= 5.053) was not significantly different from the sample mean change for females (M = -

0.316, SD = 5.614).  The hypothesis was not supported by the data.  On average, the 

mean change in student’s interest in mathematics before and after PLTW implementation 

was not significantly affected by student gender. 

Table 27 

Descriptive Statistics for the Results of the Test for H22 

 M SD N 

Males 0.632 5.053 38 

Females -0.316 5.614 38 

 

H23. The change in fifth grade students’ interest in science, as measured before 

and after the implementation of Project Lead the Way Launch, is affected by gender. 

A two-sample t test was conducted to test H23.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 28, the results of 
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the two-sample t test indicated no statistically significant difference between the two 

values, t = -0.966, df = 68, p = 0.338.  The sample mean change for males (M = 1.385, SD 

= 5.613) was not significantly different from the sample mean change for females (M = 

0.194, SD = 4.430).  The hypothesis was not supported by the data.  On average, the 

mean change in student’s interest in science before and after PLTW implementation was 

not significantly affected by student gender. 

Table 28 

Descriptive Statistics for the Results of the Test for H23 

 M SD N 

Males 1.385 5.613 39 

Females 0.194 4.430 31 

 

H24. The change in fifth grade students’ interest in technology, as measured 

before and after the implementation of Project Lead the Way Launch, is affected by 

gender. 

A two-sample t test was conducted to test H24.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 29, the results of 

the two-sample t test indicated no statistically significant difference between the two 

values, t = -0.898, df = 73, p = 0.372.  The sample mean change for males (M = 0.579, SD 

= 3.984) was not significantly different from the sample mean change for females (M = -

0.378, SD = 5.187).  The hypothesis was not supported by the data.  On average, the 

mean change in student’s interest in technology before and after PLTW implementation 

was not significantly affected by student gender. 

 



104 

 

 

Table 29 

Descriptive Statistics for the Results of the Test for H24 

 M SD N 

Males 0.579 3.984 38 

Females -0.378 5.187 38 

 

RQ9. To what extent is the change in fifth grade students’ interest in 

mathematics, interest in science, and interest in technology, as measured before and after 

the implementation of Project Lead the Way Launch, affected by the selected STEM 

units taught (PLTW recommended vs. teacher recommended)?  

H25. The change in fifth grade students’ interest in mathematics, as measured 

before and after the implementation of Project Lead the Way Launch, is affected by the 

selected STEM units taught (PLTW recommended vs. teacher recommended). 

A two-sample t test was conducted to test H25.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 30, the results of 

the two-sample t test indicated no statistically significant difference between the two 

values, t = -0.767, df = 74, p = 0.446.  The sample mean change for Center Elementary 

(M = -0.324, SD = 5.902) was not significantly different from the sample mean change 

for Red Bridge Elementary (M = 0.615, SD = 4.750).  The hypothesis was not supported 

by the data.  On average, the mean change in student’s interest in mathematics before and 

after PLTW implementation was not significantly affected by the selected STEM units 

taught. 
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Table 30 

Descriptive Statistics for the Results of the Test for H25 

 M SD N 

Center Elementary -0.324 5.902 37 

Red Bridge Elementary 0.615 4.750 39 

 

H26. The change in fifth grade students’ interest in science, as measured before 

and after the implementation of Project Lead the Way Launch, is affected by the selected 

STEM units taught (PLTW recommended vs. teacher recommended). 

A two-sample t test was conducted to test H25.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 31, the results of 

the two-sample t test indicated no statistically significant difference between the two 

values, t = -1.711, df = 68, p = 0.092.  The sample mean change for Center Elementary 

(M = -0.206, SD = 5.279) was not significantly different from the sample mean change 

for Red Bridge Elementary (M = 1.861, SD = 4.829).  The hypothesis was not supported 

by the data.  On average, the mean change in student’s interest in science before and after 

PLTW implementation was not significantly affected by the selected STEM units taught. 

Table 31 

Descriptive Statistics for the Results of the Test for H26 

 M SD N 

Center Elementary -0.206 5.279 34 

Red Bridge Elementary 1.861 4.829 36 
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H27. The change in fifth grade students’ interest in technology, as measured 

before and after the implementation of Project Lead the Way Launch, is affected by the 

selected STEM units taught (PLTW recommended vs. teacher recommended).  

A two-sample t test was conducted to test H27.  The two sample means were 

compared.  The level of significance was set at .05.  As shown in Table 32, the results of 

the two-sample t test indicated no statistically significant difference between the two 

values, t = 0.909, df = 73, p = 0.366.  The sample mean change for Center Elementary (M 

= 0.611, SD = 4.291) was not significantly different from the sample mean change for 

Red Bridge Elementary (M = -0.359, SD = 4.896).  The hypothesis was not supported by 

the data.  On average, the mean change in student’s interest in technology before and 

after PLTW implementation was not significantly affected by the selected STEM units 

taught. 

Table 32 

Descriptive Statistics for the Results of the Test for H27 

 M SD N 

Center Elementary 0.611 4.291 36 

Red Bridge Elementary -0.359 4.896 39 

 

The results of the of the paired-samples t test and two-sample t test primarily 

indicated no significant difference or change after PLTW Launch implementation.  The 

analysis found only three statistically significant differences after PLTW Launch 

implementation.  First, the results of the analysis found a significant difference in fifth 

grade students’ self-concept of science after PLTW Launch implementation.  Second, the 

analysis found that fifth grade students’ change in self-concept of science was 
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significantly affected by gender.  Third, the analysis found that the selected STEM units 

taught (PLTW recommended vs. teacher recommended) had a significant change on fifth 

grade students’ self-concept of mathematics after PLTW Launch implementation.  See 

Table 33 for the summary of results for RQ1-RQ9.   
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Table 33 

Summary Results of t Test Analysis by RQ 

RQ Comparison Variable t df p 

1 Pre-Post SC of mathematics 

SC of science 

SC of technology 

1.230 

2.864 

-0.301 

70 

70 

73 

0.223 

  0.006* 

0.764 

2 Pre-Post VI of mathematics 

VI of science 

VI of technology 

-0.681 

0.729 

0.436 

73 

69 

73 

0.498 

0.468 

0.664 

3 Pre-Post I of mathematics 

I of science 

I of technology 

0.258 

1.400 

0.200 

75 

69 

74 

0.797 

0.166 

0.842 

4 Gender SC of mathematics 

SC of science 

SC of technology 

-0.257 

-2.134 

1.099 

69 

69 

72 

0.798 

     0.036* 

0.276 

5 Units taught SC of mathematics 

SC of science 

SC of technology 

-2.268 

-0.460 

-0.232 

70 

69 

71 

     0.026* 

0.647 

0.817 

6 Gender VI of mathematics 

VI of science 

VI of technology 

1.336 

-0.467 

0.706 

72 

68 

72 

0.186 

0.642 

0.482 

7 Units taught VI of mathematics 

VI of science 

VI of technology 

0.772 

-1.282 

0.458 

72 

67 

72 

0.442 

0.204 

0.649 

8 Gender I of mathematics 

I of science 

I of technology 

-0.773 

-0.966 

-0.898 

74 

68 

73 

0.442 

0.338 

0.372 

9 Units taught I of mathematics 

I of science 

I of technology 

-0.767 

-1.711 

0.909 

74 

68 

73 

0.446 

0.092 

0.366 

Note. SC = self-concept, VI = value/importance, I = interest.  * = significant 
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Summary 

 Chapter four included the descriptive statistics for the sample.  The results of the 

data analysis for each of the hypotheses were also presented.  Chapter five includes a 

summary of the study, the findings related to the literature, and a conclusion, which 

contains the implications for action and the recommendations for future research.  
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Chapter Five 

Interpretation and Recommendations 

 A summary of the current study is provided in this chapter, which includes an 

overview of the problem statement, the study’s purpose, and a review of the 

methodology.  Additionally, presented in chapter five are the major findings of this study, 

which aimed to determine if fifth grade students’ self-concept, value/importance, and 

interest in mathematics, science, and technology were significantly different after PLTW 

Launch implementation.  In addition, included in this chapter are the major findings as it 

relates to the previously reviewed PLTW literature presented in chapter two.  This 

chapter concludes with implications for action and recommendations for future research.     

Study Summary 

 The following section provides a summary of the current study.  The summary 

contains an overview of the problem concerning the implementation of PLTW Launch 

and the change in fifth grade students’ self-concept, value/importance, and interest in 

mathematics, science, and technology.  The next section includes the purpose of the study 

and the research questions.  The summary concludes with a review of the methodology 

and the study’s major findings.  

 Overview of the problem. The authors of multiple reports from as early as 2000 

have agreed upon the fact that American students lack interest in studying and pursuing 

mathematics and science degrees (BHEF, 2007; Business Roundtable, 2005; Feder, 2012; 

NCES, 2013).  Furthermore, the concerns with interest in these fields appear to be 

intensified with female students (Executive Office of the President, 2010; Gonzalez & 

Kuenzi, 2012).  In 2008, it was found that “only 18.5% of bachelor’s degrees in 
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engineering,” a field that requires both mathematics and science, “went to women” 

(Gonzalez & Kuenzi, 2012, p. 12).  Due to the known relationship between self-concept, 

value/importance, and interest, it is imperative that STEM programs, such as PLTW 

Launch, be studied to determine if such programs have the ability to change students’ 

self-concept, how valuable and important they believe STEM to be, and their interest 

levels in STEM subjects (Eccels & Wigfield, 2002; Uguroglu & Walberg, 1979; Wigfield 

& Eccles, 1983).   

  Due to the recent creation of PLTW (2013) Launch, limited research exists 

concerning program effectiveness and the impact PLTW Launch has on student attitudes.  

Leadership in the Center School District was concerned if PLTW Launch would 

significantly change students’ self-concept, value/importance, and interest in 

mathematics, science, and technology after PLTW Launch implementation.  Furthermore, 

district leadership was concerned whether the change in self-concept, value/importance, 

and interest in mathematics, science, and technology were significantly different between 

genders after the implementation of PLTW Launch.  Lastly, district leadership was 

unsure whether the modules selected for the fifth grade would affect student perceptions 

of self-concept, value/importance, and interest in the STEM fields.   

 Purpose statement and research questions. The first purpose of the study was 

to determine if fifth grade students’ self-concept, value/importance, and interest in 

mathematics, science, and technology were different after PLTW Launch 

implementation.  The second purpose was to determine if the change in self-concept, 

value/importance, and interest in mathematics, science, and technology after PLTW 

Launch implementation was affected by gender.  The third purpose was to determine if 
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the change in self-concept, value/importance, and interest in mathematics, science, and 

technology after PLTW Launch implementation was affected by the selected STEM units 

taught (PLTW recommended vs. teacher recommended).  Nine research questions were 

posed to address the purposes of this study.    

 Review of the methodology. Using an alternative treatment pretest-posttest with 

nonequivalent groups design, fifth grade students from two elementary schools in the 

Center School District were administered the MST survey before and after the 

implementation of PLTW Launch.  The MST survey was a modification of a survey from 

the University of Michigan’s Childhood and Beyond project.  The MST survey was used 

to collect data to determine the extent of change in fifth grade students’ self-concept, 

value/importance, and interest in mathematics, science, and technology after PLTW 

Launch implementation.  Additionally, the MST survey was used to determine if the 

change in students’ self-concept, value/importance, and interest in mathematics, science, 

and technology was significantly different between genders and selected STEM units 

taught after PLTW Launch implementation.  MST survey responses were analyzed using 

paired-samples t tests to determine if significant differences in fifth grade students’ self-

concept, value/importance, and interest in mathematics, science, and technology occurred 

after PTLW Launch implementation (RQ1-RQ3).  MST survey responses were analyzed 

using two-sample t tests to determine if the change in fifth grade students’ self-concept, 

value/importance, and interest in mathematics, science, and technology was affected by 

gender (RQ4, RQ6, and RQ8).  MST survey responses were analyzed using two-sample t 

tests to determine if the change in fifth grade students’ self-concept, value/importance, 
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and interest in mathematics, science, and technology was affected by the selected STEM 

units taught (PLTW recommended vs. teacher recommended) (RQ5, RQ7, and RQ9).    

 Major findings. Of the 27 hypotheses tested, only three had significant 

differences.  Overall, program impact was very weak for the measured variables.  As 

shown in Table 32, the results of the data analysis revealed no significant differences in 

fifth grade students’ self-concept of mathematics and technology after PLTW Launch 

implementation as measured with the MST survey.  Additionally, the results of the data 

analysis showed no significant differences in fifth grade students’ value/importance or 

interest in mathematics, science, or technology after PLTW Launch implementation.    

 Of the nine hypotheses related to gender, eight were found not to have statistically 

significant differences between genders after implementation of PLTW Launch.  When 

analyzing self-concept and gender, the results of the data analysis revealed that changes 

in fifth grade students’ self-concept of mathematics and technology after PLTW Launch 

implementation were not affected by gender.  Similarly, the results of the data analysis 

determined that changes in fifth grade students’ value/importance and interest in 

mathematics, science, and technology after the implementation of PLTW Launch were 

not affected by gender.   

 Of the nine hypotheses related to the selected STEM units, eight were found not 

to have statistically significant differences between STEM units after implementation of 

PTLW Launch.  When analyzing self-concept and selected STEM units, the results of the 

data analysis revealed that changes in fifth grade students’ self-concept of science and 

technology after PLTW Launch implementation were not affected by the selected STEM 

units taught.  Comparably, the results of the data analysis revealed that changes in fifth 
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grade students’ value/importance and interest in mathematics, science, and technology 

after PLTW Launch implementation were not affected by the selected STEM units 

taught.  

 However, results of the data analysis revealed three significant findings.  First, 

there was a significant difference in fifth grade students’ self-concept of science after 

PLTW Launch implementation.  Second, results of the data analysis determined that 

changes in fifth grade students’ self-concept of science after PLTW Launch 

implementation was affected by gender.  Finally, the results of the data analysis revealed 

that changes in fifth grade students’ self-concept of mathematics after PLTW Launch 

implementation was affected by the selected STEM units taught.  

Findings Related to the Literature 

 The findings of this study as they relate to the reviewed literature that focuses on 

student attitudes and PLTW are presented in this section.  The focus of this study was 

very precise as it concentrated on three identified attitudes, self-concept, 

value/importance, and interest, and three identified subjects, mathematics, science, and 

technology.  Due to the highly focused study and the fact that PLTW Launch was a 

relatively new program, limited research had been completed concerning student attitudes 

and PLTW.  At the time of this study, no research was found related to student attitudes 

and PLTW Launch.   

 The findings of this study indicated that the change in male fifth grade students’ 

self-concept of science was significantly different when compared to female fifth grade 

students’ after the implementation of PLTW Launch.  Male students’ self-concept of 

science was significantly more positive after PLTW Launch when compared to fifth 



115 

 

 

grade female students’ self-concept of science.  The 2015 U.S. News/Raytheon STEM 

Index reported that “gaps between men and women” in STEM fields remain significant 

and in some cases increasing (Bolkan, 2015, para. 2).  However, the findings of this study 

indicated that the change in male fifth grade students’ self-concept of mathematics and 

technology, value/importance of mathematics, science, and technology, and interest in 

mathematics, science, and technology was not significantly different from their fifth 

grade female counterparts.  Due to these mixed findings, this study both supports and 

contests the 2015 U.S. News/Raytheon STEM Index report which claims that STEM 

fields are experiencing increased gender gaps (Bolkan, 2015).   

 The findings of this study indicated that the change in fifth grade students’ self-

concept of mathematics was significantly affected by the selected STEM units taught.  

Fifth grade students’ self-concept of mathematics who received PLTW recommended 

units was significantly more positive after PLTW Launch when compared to fifth grade 

students’ who received teacher recommend units.  The before mentioned result supports 

the study by Rehmat (2015) who concluded that student attitudes toward STEM subjects 

could be significantly increased using PBL instruction.  PLTW (2014d) is an “activity-, 

project-, and problem-based” STEM program that many would consider being PBL 

instruction.  In contrast, fifth grade students’ self-concept of science and technology, 

value/importance of mathematics, science, and technology, and interest in mathematics, 

science, and technology were not affected by the selected STEM units taught.  These 

specific findings contrast Rehmat’s (2015) findings, which concluded that student 

attitudes toward STEM subjects could be significantly increased using PBL instruction.  
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However, it should be noted that Rehmat (2015) did not specifically mention PLTW as 

an example of PBL instruction.      

 More specific to Rehmat’s (2015) study, which was broad in nature, Paslov 

(2006) found that PLTW curriculum did not significantly influence students’ attitudes 

toward mathematics when compared to non-PLTW curriculum.  Findings from this study 

are mixed, both supporting and contesting Paslov’s (2006) findings.  Overall, fifth grade 

students’ self-concept, value/importance, and interest in mathematics were not 

significantly different after PLTW Launch implementation.  These findings support 

Paslov’s (2006) findings.  However, when looking at STEM units taught, the change in 

self-concept of mathematics after PLTW Launch implementation was significantly 

greater for students receiving the PLTW recommended units as opposed to the teacher 

recommended units.  These findings contest Paslov’s (2006) findings.  Again, a notation 

should be made which states that Paslov (2006) focused on secondary PLTW curriculum 

and not PLTW Launch.  PLTW Launch curriculum may produce different results than the 

traditional secondary curriculum.   

Conclusions 

 Conclusions drawn from this study are provided in this section.  Implications for 

action and recommendations for future research are included.  The section closes with 

concluding remarks.  

 Implications for action. The current study can be used by school leaders who are 

looking to implement a STEM program to improve students’ self-concept, 

value/importance, and interest in STEM fields.  School leaders could use the results of 

this study as one piece of data in the decision-making process when determining whether 
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to implement PLTW Launch.  Overall, the results of the study showed ineffectiveness in 

changing fifth grade students’ self-concept, value/importance, and interest in 

mathematics, science, and technology after PLTW Launch implementation.  While self-

concept of science before PLTW Launch implementation was significantly less than the 

after implementation self-concept of science, self-concept of mathematics and 

technology, value/importance of mathematics, science, and technology, and interest in 

mathematics, science, and technology were not significantly different after PLTW 

Launch implementation.  Due to the weak results of this study, school leaders should not 

rely solely on this study to determine if PLTW Launch is their program of choice to 

increase student attitudes in STEM subjects. 

 School leaders should use caution when considering PLTW Launch as the 

program of choice to increase female student attitudes in STEM subjects in hopes of 

closing the attitude gap between genders.  The results of this study primarily indicated 

that the change in student attitudes (self-concept, value/importance, interest) in 

mathematics, science, and technology were not dependent on gender.  Only one attitude, 

self-concept of science, was affected by gender after PLTW Launch implementation.  

Male self-concept of mathematics significantly changed after PLTW Launch 

implementation compared to female self-concept of mathematics. 

 PLTW (2014j) Launch modules were designed to align with grade specific NGSS 

standards.  However, PLTW (2014j) also states that Launch modules were designed in 

such a way that modules can be effectively implemented in multiple grades.  One of the 

purposes of this study was to determine if fifth grade students’ self-concept, 

value/importance, and interest in mathematics, science, and technology were affected by 
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the selected STEM units taught.  After one year of implementation, the results of this 

study would suggest that the specific STEM units taught did not significantly affect 

student attitudes.  Only one attitude, self-concept of mathematics, was significantly 

affected by the selected STEM units taught.  Therefore, school leaders should feel 

confident in making curricular changes and aligning PLTW Launch modules to state 

standards instead of national standards.   

 Recommendations for future research. This study aided in filling a void in the 

research related to PLTW Launch, specifically how the program influences student 

attitudes.  The following recommendations are made for those interested in completing 

similar research as it relates to PLTW Launch and students’ self-concept, 

value/importance, and interest, in mathematics, science, and technology.   

1. Future research should include a larger sample and students from multiple 

elementary grades.  When determining the sample, it is recommended that a 

diverse group of students be selected.  The sample should include rural, urban, 

and suburban students from all socioeconomic and racial backgrounds.   

2. Future research should use a mixed methods approach to include interviews 

with students and teachers allowing the researcher to compare the data 

analysis with the overall findings from the interviews.  

3. Future research should be replicated adding achievement data, such as state 

testing, as an additional variable allowing the researcher to make more 

comparisons with the current literature that is primarily related to PLTW and 

student achievement.  
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4. This study did not address teachers’ attitudes toward PLTW Launch.  A 

qualitative study could be conducted by interviewing teachers to gather their 

feedback regarding program effectiveness and the level of support received 

through the provided professional development.  The teachers’ feedback 

would provide school leaders with different data to conclude whether the 

program has met the intended targets.  

5. Lastly, future research should include a control group.  Researchers should 

find an equivalent control group within the studied school district or a 

surrounding district with similar demographics.  The control group would 

allow the researcher to compare students’ attitudes after PLTW Launch 

implementation with students’ who did not experience PLTW Launch 

curriculum.  Therefore, more conclusive recommendations regarding program 

effectiveness and the program’s ability to affect students’ attitudes could be 

made.  

 Concluding remarks. After one year of implementation, this study was 

conducted to determine if PLTW Launch had positive differences on fifth grade student 

attitudes, specifically self-concept, value/importance, and interest in mathematics, 

science, and technology.  The results of this study added to the limited research related to 

student attitudes and PLTW Launch.  The results of this study revealed that fifth grade 

students’ self-concept, value/importance, and interest in mathematics, science, and 

technology was largely unchanged after PLTW Launch implementation.  Furthermore, 

the change in fifth grade students’ self-concept, value/importance, and interest in 
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mathematics, science, and technology after PLTW Launch implementation was largely 

unaffected by gender or the selected STEM units taught.   

 Additional studies need to be conducted because research continues to support the 

view that U.S. students lack interest and ability in STEM subjects (Bolkan, 2015; Cook et 

al., 2015).  While the results of this study did not reveal the desired outcomes, one year of 

implementation may not be enough time to reap the benefits of the program.  Research 

indicates that as students mature, self-concept begins to stabilize and becomes even more 

difficult to change (Eccles et al., 1989).  Continued implementation may be necessary 

before student attitudes significantly change.  Lastly, school leaders should not 

underestimate the need to provide quality professional development when implementing 

new programs (Gillespie, 2015).  Additional time implementing PLTW Launch and 

additional professional development may be the necessary steps to improving students’ 

self-concept, value/importance, and interest in mathematics, science, and technology.    
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