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Abstract 

Numerous research studies and international assessments have shown there is a need in 

the United States to strengthen middle school students‟ math and science skills before they enter 

high school.  Studies have shown that it is during middle school, sixth to eighth grades, that 

mathematics and science education is most crucial.  According to the National Assessment of 

Educational Progress (2009), in science, as grade level increased from fourth to eighth and then 

to twelfth, the number of students who scored at or above the basic level declined, as did the 

number of students who scored at or above the proficient level.  In mathematics, U.S. eighth 

grade students ranked 15th in the world in math achievement, but ranked near the bottom of all 

industrialized nations by the time they are in high school.  This study examined whether using 

STEM curriculum would impact state standardized test scores in mathematics and science for 

eighth grade students at a middle school located in the southern United States.  The study 

followed a quasi-experimental, nonequivalent control group design and found there was no 

statistical significant difference between the two groups.  Further study should be conducted to 

evaluate other units of the curriculum for a longer period of time as well as other curricula.  
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Chapter 1 

Introduction 

Leaders of America, in government, private institutions, and institutions of higher 

learning, are concerned that the United States is falling behind the rest of the world in the fields 

of science, technology, engineering, and mathematics, or STEM.  STEM is defined by Brown, 

Brown, Reardon, and Merrill (2011, p.6) as a standards-based discipline where teachers use an 

integrated approach and discipline-specific content that is not divided, but treated as one fluid 

study.  The term integration, or integrated approach, is defined by Lonning and Defranco (1997, 

p.212) as occurring “when individual activities are designed and implemented that include 

concepts from more than one discipline.”  Integration is a blending of concepts of multiple 

disciplines to the extent that an observer would be unable to differentiate between classrooms 

because equal attention was paid to all subjects being integrated. 

In his 2006 State of the Union Address, President George W.  Bush announced the 

American Competitiveness Initiative (ACI) in response to both teacher shortages in science, 

technology, engineering, and mathematics (STEM) and the lack of student academic readiness 

(Business Higher-Education Forum (BHEF), 2006).  According to the ACI (BHEF, 2006, p. 3), 

not enough students pursue rigorous college preparatory coursework, and are therefore not 

academically prepared for college classes or the workforce.   Almost one third of college 

students require some form of remediation resulting in costs of between $260 million and $1 

billion annually.  According to John Holdren, President Obama‟s science advisor and the director 

of the White House Office of Science and Technology policy, “America needs a world-class 

STEM workforce to address the grand challenges of the 21st century, such as developing clean 
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sources of energy that reduce our dependence on foreign oil and discovering cures for cancer” 

(The White House, 2009).   

In his February 4, 2010 written testimony before the House Science and Technology 

Committee Subcommittee on Research and Science Education, Richard Stephens, of the Boeing 

Company, explained that the deficit in science education has national security implications.  

Stephens (2010, p. 3) stated that “These are becoming difficult jobs to fill, not because there is a 

labor shortage but because there is a skills shortage....Our industry needs more innovative young 

scientists, technologists, engineers, and mathematicians to replace baby boomers as they retire.” 

Stephens further noted that, because of issues related to security clearances in the defense 

industry, these types of jobs must be filled by United States citizens.  He stated that the most 

important action to address this problem is motivating students to pursue STEM related careers.  

This begins in primary and secondary school classrooms.   

Also testifying before the House Science and Technology Committee Subcommittee on 

Research and Science Education on February 4, 2010, Dr. Joan Ferrini-Mundy, Director of 

Education and Human Resources for the National Science Foundation (NSF) described NSF‟s 

role in improving STEM education.  Dr. Ferrini-Mundy (2010, p.4) stated that the 1986 Neal 

Report brought to light that the United States cannot remain at the forefront of new ideas and 

research if it does not have a workforce that is more inventive, better trained, and more adaptive 

than other nations.  The United States citizens must have the ability to make intelligent decisions 

about technically-based issues.  Dr. Ferrini-Mundy (2010, p.4) also stated that there will be a 

negative long-term effect on the nations‟ scientific and technical capacity, as well as its 

competitiveness in the industrial and economic arena and national defense if science, 
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mathematics, and engineering education continue to deteriorate at the college level.  She reported 

that this prompted NSF to renew its focus on improving STEM education. 

Dr. Robert Mathieu, Professor and Chair in the Department of Astronomy and the 

Director of the Center for the Integration of Research, Teaching and Learning at the University 

of Wisconsin ‐ Madison also testified on February 4, 2010 before the subcommittee.  Dr. 

Mathieu (2010, p.2-3) asserted that the nation is in desperate need of more STEM teachers at the 

5
th

 to 8
th

 grade level, and that research shows that students who enter college interested in STEM 

teaching often lose interest.  Dr. Mathieu (2010, p.2-3) continued by saying the value of K-12 

teaching is not reinforced in STEM classes. He postulated about the impact that might be made 

on the opinion of the value of K-12 teaching in STEM, if pre-service teachers received 

recognition for the learning opportunities they create and their actions that lead to an 

improvement in STEM education. 

Student participation in STEM areas is declining, and there seems to be an increase in 

academically under prepared students entering college or the workforce.   In a recent interview, 

Bill Swanson (Swanson, 2006), Chairman and CEO of Raytheon, a multibillion-dollar 

aeronautics/astronautics company, said: 

The security and prosperity of this city, this state, and this country depend on 

engineers and scientists to continue to work their wonders in an increasingly 

competitive world. But where will the new generations of engineers and scientists 

come from to give shape to America‟s future?  This question is being asked by many 

these days in business, government and academia -- myself included. (p.3) 

To answer his question, Raytheon commissioned a national study of 11 to 13-year old students.  

They found that 84 percent of the students polled, in order to avoid doing their math homework, 
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would prefer to eat vegetables, clean their rooms, go to the dentist, or take out the garbage. 

(Swanson, 2006).  However, the survey also found that the majority of the students surveyed, 94 

percent, understood math is important and that it was important to do well.  Swanson (2006, p.4) 

concluded that there was a need to strengthen math and science skills before students entered 

high school.  Middle school education in math and science appears to be the crucial point.  

Students were more likely to graduate with STEM degrees later on if they were excited about 

math and science in middle school.  Swanson (2006, p.4) also asserted that action was needed 

now, due to the long interval between middle school and college graduation, that leads into the 

workforce. 

Hughes (2009, p. 27), stated that “In 2008, China produced a staggering 500,000 new 

engineers.  India, where 65% of the population lacks indoor plumbing, produced over 200,000 

engineering graduates.  In comparison, the United States could only muster 70,000 young 

engineering minds.”  Hughes and his colleagues, propelled by the findings of Swanson‟s study, 

worked to create a STEM team at his school.  However, there is very little empirical data 

documenting results of the implementation of STEM education.  Merrill (2001) conducted a 

study using the Technology, Mathematics, and Science Education (TMaSe) integration approach.  

This study was performed over a two week period at the high school level, with second semester 

intact technology classes.  The study was designed to determine whether the treatment of “six 

different lessons depicting an integrated, hands-on curriculum via the Pedal 4 Power Energy 

Education Bicycle” (Merrill, 2001, p.50) would have an immediate cognitive learning effect, 

help improve perception of the content and concepts, and improve retention.  Merrill (2001) 

believed that this approach would have an effect based on research from Kotar, Guenter, 

Metzger, & Overholt (1998) and Nogay (1994).  Their research (Kotar et al, 1998, as cited in 
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Merrill, 2001) concluded that integrating curriculum is more relevant to the real world and how 

people learn and work, and allows children to make connections.  It was also noted (Nogay, 

1994, as cited by Merrill, 2001) that integration is a tool used to provide relevance and it is an 

opportunity to change the pattern of instruction and redefine goals.  It allows for greater student 

growth and more real-world exposure.  

Merrill (2001) found that there were no evident gains between the treatment group and 

the comparison group.  Merrill admits that future research should focus on instruments that can 

assess and compare student learning and suggests a long-term treatment, because the two week 

study did not seem adequate to engage the students. 

Research Question 

The need for a STEM workforce is growing due to the lack of people pursuing STEM 

education and careers.  There are many leaders in this country looking for ways to increase the 

number of STEM educated people and the STEM workforce.  One of the proposed solutions is 

the development of various integrated STEM curriculums.  However, there is little research that 

documents the effect of STEM curriculum.  The research question for this study is: Does using a 

STEM curriculum provided by the Infinity Project impact state standardized test scores in 

mathematics and science for eighth grade students at a middle school located in the southern 

United States? 

Significance of the Study 

The significance of the study is that the United States is falling behind the rest of the 

world in the fields of science, technology, engineering, and mathematics (STEM) due to a lack of 

interest of students in these fields, and to the lack of rigor, preparation, and skills to pursue 
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careers in these fields.  In order to address the shortage in the STEM field, educators must be 

educated in STEM and provided with resources to support the transformations of their 

classrooms.  Educators must see the value of STEM integration over traditional styles of 

teaching mathematics and science separately.  Educators will need support from administrations 

as well as local policy makers and governments.  In order to gain this support, teachers must 

show an increase in standardized testing scores, which are the current mandated assessments for 

student achievement.  

The current study aims to look at the possible impact on eighth grade students, who are 

engaged in an integrated STEM curriculum on standardized test scores in math and science.  The 

researcher believes the results of the study will show an increased gain in standardized testing 

scores in math and science, as well as, show an increase in content retention three weeks after the 

treatment has been completed, as measured by the mean score on the posttest retention 

instrument.  These are in comparison to those students not receiving an integrated STEM 

curriculum approach.  This study is done in hopes of eliciting change at the closest level to the 

students and, most important and impactful level, which is the classroom.  
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Chapter 2 

Review of Related Literature 

The importance of improving STEM education can be seen readily by comments made 

from various people and organizations that lead our country such as President George W. Bush, 

President Obama, The President‟s Council of Advisors on Science and Technology (PCAST), 

Rick Stevens, and Bill Swanson.  He says that STEM education seems to be driven by economic 

reasons.  There is such a need for improvement in STEM for many reasons.  Evidence that there 

is need for improvement is apparent from data collected from various assessments, including 

standardized tests.  The literature regarding STEM education has numerous definitions of what 

STEM and integration mean.  These definitions often vary significantly and therefore make it 

difficult to develop a good STEM curriculum when there is not a clear definition.  Due to this 

ambiguousness, there often appears a dominance of some of the disciplines, specifically math 

and science, over the others (technology).  The four disciplines are often not considered equal 

when deciding the curriculum.  A clear definition and clear goals for STEM education would 

help guide the development of STEM curriculum.  Not only is the STEM curriculum important, 

but so is the professional development and support for teachers as well as their willingness to 

change.  A crucial element in this change is the support of government and local policy makers. 

Definition of Terms 

Brown, Brown, Reardon, and Merrill (2011) point out that STEM education needs to 

better define what is meant by the term STEM education.  STEM education is often defined by 

saying science, technology, engineering, and mathematics, followed by STEM in parentheses.  

As cited by Brown et al. (2011), Merrill‟s (2009) definition of STEM is: 



SCIENCE, TECHNOLOGY, ENGINEERING, AND MATHEMATICS (STEM)                     8 

CURRICULUM AND STANDARDIZED TEST SCORES IN MIDDLE SCHOOL STUDENTS 

 

A standards-based, meta-discipline residing at the school level where all teachers, 

especially science, technology, engineering, and mathematics (STEM) teachers, 

teach an integrated approach to teaching and learning, where discipline-specific 

content is not divided, but addressed and treated as one dynamic, fluid study. (p.6) 

These authors also question which science should be included, the level of math, and what is 

meant by technology and point out that the National Science Foundation includes many sciences 

such as: economics, psychology, sociology, and political science in the definition of STEM.  In 

addition, some definitions include the technologies that are listed in the Standards for 

Technological Literacy and others focus on computer related technology.  For purposes of this 

discussion the term integration will be defined using Lonning and Defranco (1997) from the 

University of Connecticut‟s definition: 

Curricular integration deals with the nature of the relationships between the 

concepts being drawn from the different disciplines in interdisciplinary curricula.  

Integration occurs when individual activities are designed and implemented that 

include concepts from more than one discipline.  Interdisciplinary curricula can 

contain activities that involve integration of disciplines as well as activities that do 

not. (p. 212) 

History of STEM Education 

History has shown that through all the various curriculum reform movements of the 

1900s there has been little modification to school curriculum.  According to Williams (2011), 

despite “hundreds of thousands of well educated people who spend their lifetime devising ways 

(pedagogy) and means (content) of capturing children‟s interest in the things that go on in 
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school” (p. 27), the curriculum has for the most part remained unchanged and divided into the 

various subjects.  Mitchener, (1989), stated that research shows teachers are basically unwilling 

to change their practice for an innovative approach.  Teachers resist changing their teaching 

practice and style for the more modern methods of implementing new curriculum and teaching 

strategies such as an integrated STEM curriculum.  Venville, Wallace, Rennie, and Malone 

(2002, p. 54) also identified factors that make it difficult to create an integrated curriculum: 

traditional patterns of assessment, parental pressure for traditional academic standards and 

subject-based qualifications, instructional periods, textbooks, curriculum guides, staff who were 

trained in their disciplines and have developed long standing attachments to them, and the lack of 

a culture of school collaboration.    

Need for STEM Education 

According to the U.S. Congressional Research Service (2006) assessments of students in 

math and science at a national level is relatively new.  Comparisons to other countries are even 

newer.  The small amount of data that has been collected so far shows that although there are 

improvements in U.S. students‟ knowledge in math and science, the large majority of students do 

not demonstrate adequate levels of proficiency.   

The United States‟ student achievement is seen as inconsistent with its role as a world 

leader in scientific innovation.  The National Assessment of Educational Progress (NAEP) is the 

only continuing assessment of elementary and secondary students‟ knowledge in math and 

science.  The NAEP has assessed students in 4
th

, 8
th

, and 12
th

 grades since 1969.  The NAEP 

administration in 2005 has shown that students achieving proficient level or above is increasing 
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each year but overall is still low.  The National Assessment Governing Board (2011) defines 

proficient as: 

Represents solid academic performance for each grade assessed.  Students 

reaching this level have demonstrated competency over challenging subject 

matter, including subject-matter knowledge, application of such knowledge to 

real-world situations, and analytical skills appropriate to the subject matter (p. 

123). 

The U.S. Congressional Research Service (2006) also reports that the Trends in International 

Mathematics and Science Study (TIMSS) is a recent development as an assessment tool that 

produces reliable cross-national comparison data.  TIMSS has been administered to eighth grade 

students in 1995, 1999, and 2003.  TIMSS data is reported in numerical scores unlike NAEP 

where achievement levels are used.  The TIMSS assessment from 2003 found that the U.S. was 

outscored in math by five countries and in science by three countries.  

According to Bybee (2011), STEM: 

May mean recognition that science education has been diminished during the No 

Child Left Behind era, which is ending…should mean increased emphasis of 

technology in school programs…could mean increasing the recognition of 

engineering in K-12 education…all STEM disciplines present opportunities for 

stressing 21st Century skills…could mean an integrated curricular approach to 

studying grand challenges of our era. (p. 30) 

Bybee says that it is time to move beyond the slogan STEM and make STEM literacy a priority 

for all students.   Brown et al. (2011, p.5) agrees, stating, “Those who believe in the virtues of 

STEM education feel that it can contribute to increased problem-solving skills, critical thinking, 
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and analytical thinking in students as well as lead to better real-world connections in the 

curriculum.”  Also according to Merrill (2009), "STEM teaching and learning focuses on 

authentic content and problems, using hands-on, technological tools, equipment, and procedures 

in innovative ways to help solve human wants and needs." (as cited by Brown et al, 2011). 

Standardized Testing 

 Wiliam (2010, p.107) asserted that assessment is a key part of education. He stated that 

assessment is the only way we can find out whether instruction was successful.  Wiliam (2010, 

p.107) also noted that “even the best-designed instruction cannot be guaranteed to be effective” 

(p.107).  Wiliam (2010, p.108) agreed that teachers, schools, and districts should be held 

accountable for student learning to members of society, which included parents, taxpayers, 

employers, educational institutions, and the students.  He also highlighted the necessity for an 

agency to take on the responsibility and to design the accountability system, analyzing the 

results, and then administering action where needed.  Enter the standardized test.    

According to Sacks (1997, p.27), when researchers studied how well standardized test 

scores predict success in the workplace, they found no correlation.  The main reason high test 

scores appear to be good indicators of professions, such as law or medicine, is because only high 

scorers are admitted to those academic programs.  In actuality, test scores predict very little 

about real world capabilities, they only predict test taking ability.  Sacks (1997, p.27) also 

pointed out that standardized test scores are highly correlated with socioeconomic status.  In 

other words, standardized tests do not correlate with academic success or profession, but they do 

correlate with income and the amount of education the parents received.  Sacks (1997, p.27) 

called it the "Volvo Effect."  He said that “the data are so strong in this regard that one can make 

a good guess about a child's standardized test scores simply by looking at how many degrees her 
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parents have and at what kind of car they drive” (p. 27).  Even with all the issues associated with 

standardized testing and its uses, it is the tool used to hold schools accountable and therefore, 

evaluate the effectiveness of curriculum. 

Issues with STEM Curriculum and Pedagogy 

 In response to all the proposals for STEM curriculum that are now receiving political 

clout, Williams (2011) outlined several areas in which there are issues with STEM curriculum, 

such as clarity as to what STEM education is and the dominance of math and science over the 

technology and engineering aspects. 

Clarity 

Sanders (2009) discussed the fact that STEM education usually does not focus on 

integration of the STEM disciplines.  Williams (2011), after examining projects developed for 

teachers wishing to implement STEM activities, notes that the projects do not offer integration, 

but more like “bits and pieces of a couple of these subjects, and detail activities which primarily 

achieve the goals of science or mathematics” (p.27).  The STEM Transitions initiative, led by the 

Center for Occupational Research and Development (CORD), with funding from the U.S. 

Department of Education Office of Vocational and Adult Education, and under cooperative 

agreement with the League for Innovation in the Community College, is one of these projects, 

and is sub-titled: Enhancing Mathematics and Science Rigour Through Evidenced-Based 

Curriculum Projects.  According to Williams (2011), even if an integrated curriculum in the 

secondary schools was possible, it is unrealistic due to staffing implications.  In order for a single 

teacher to implement this approach, the teacher would require subject area expertise in all STEM 



SCIENCE, TECHNOLOGY, ENGINEERING, AND MATHEMATICS (STEM)                     13 

CURRICULUM AND STANDARDIZED TEST SCORES IN MIDDLE SCHOOL STUDENTS 

 

subject areas.  Therefore, more than likely, team teaching would be necessary, which affects 

traditional school organization, timetables, and requires additional teacher training.   

Another clarity issue is that there is no clear definition of what STEM literacy is, which is 

one of the goals of STEM education.  There is a definition for scientific literacy, technacy 

(technology literacy), and numeracy (the ability to reason with numbers and other mathematical 

concepts) but nothing that combines them.  Without a clear definition of the goals, a good 

academic program is difficult to develop.  According to Bybee (2010, p. 30), “if STEM 

education is going to advance beyond a slogan, educators in the STEM community will have to 

clarify what the acronym actually means for educational policies, programs, and practices.”  Like 

Williams, Bybee calls for the need for clarity regarding STEM literacy and proposes that STEM 

literacy include the “conceptual understandings and procedural skills and abilities for individuals 

to address STEM-related personal, social, and global issues.  STEM literacy involves the 

integration of STEM disciplines and four interrelated and complementary components” (2010, p. 

31).  Bybee asserts that translating the description of STEM literacy into school programs and 

teaching practices will require a reorganization of education so that the various disciplines can be 

integrated, and new instructional materials designed, developed, and implemented.  Bybee says 

that educators must fight to confront these challenges and find resolutions in order to promote 

and advance STEM literacy.   

Dominance 

Williams (2011) asserts that, when science and technology are paired together, science is 

put first and technology is an afterthought.  Most integration of science, mathematics, and 

technology serves the need for reform in science and math, rather than the goals of technology 
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(LaPorte and Sanders, 1995).  Felix, (2010, p.30) said that “the use of engineering and 

technological design principles has been suggested as a way to increase the active engagement of 

students and improve students‟ learning and transfer in science and math.”  However, Williams 

(2011) asserts that this suggests that only the parts of technology and engineering that will help 

with learning math and science will be used.  According to Felix and Harris (2010, p. 30), 

advocates for STEM education said that the technology and engineering aspects of STEM 

“engages students in meaningful learning in a way that complements scientific inquiry while 

drawing on the natural motivation that students have for problem solving.”  

Williams (2011) finds that there is little discussion regarding the similarities and 

differences among the four STEM subject areas.  Science seeks to understand the natural world 

while technology seeks to develop new knowledge.  Engineering is very much defined by 

context and is dependent on the problem.  There seems to be many ways in which these subjects 

clash with one another just as there are many ways that they flow together seamlessly. According 

to Lou, Liu, Shih, and Tseng (2011): 

Science, technology, engineering, and mathematics is an integrative form of instruction 

combining scientific study, technology, engineering design and mathematical analysis. 

„„Science‟‟ emphasizes seeking natural principles; „„engineering‟‟ emphasizes applying 

scientific findings to the design of necessary equipment; „„technology‟‟ aims to 

manufacture actual tools based on engineering design; and „„mathematics‟‟ aims to 

acquire a base of scientific knowledge and combine it with science for the purpose of 

analysis and statistics. (p.162) 
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Economics 

The rationale for an Integrated STEM curriculum, according to Williams (2011), is 

mostly based on vocational and economic goals.  Williams asserts that the motivation for STEM 

proposals is grounded in shifts of workforce patterns and downward trends in the economy and 

that it is not implausible that the global financial crisis of 2007-2009 is spearheading this.  In 

other words, the push for STEM education is caused by the decrease in STEM educated students 

emerging into the workforce.  The recent poor economy has put this decrease in STEM educated 

workforce into the spotlight as government officials realize that the United States will not be able 

to remain a global power unless something is done about it.  This is supported by PCAST who 

say that “It will help produce the workforce needed to compete in a global marketplace.” (The 

President's Council of Advisors on Science and Technology, 2011, p. 33).  Museus, Palmer, 

Daves, and Maramba (2011) notes that: 

Several high-profile organizations have warned that the nation‟s standing in the global 

economy is declining and the preparation of graduates who can contribute to its scientific 

and technological capacity is critical to preventing further decline and maintaining the 

nation‟s competitiveness in the international marketplace. (p.4) 

Williams (2011) also says that the so called STEM phenomenon is not occurring in all countries 

because it is not a necessity.  The United Kingdom and the United States are significant because 

other countries tend to take their cues from them.  

Goals 

Williams (2011) says there is not a clear set of goals in regards to STEM education.  For 

some it is improving performance in science and math and STEM and Technology literacy.  For 
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others, the goal is to make the learning environment more engaging, get students excited about 

the topics, generate interest, increase relevance, and encourage exploration, investigation, and 

design.   

One goal of STEM education is to increase the flow of qualified people into the STEM 

workforce.  Williams (2011) states that critics (such as Pitt, 2009) see it as immoral to expose all 

learners to STEM when only a few will pursue such careers and calls this social engineering.  

However, the idea behind the STEM curriculum is that everybody be exposed to the course, both 

vocational education and general education students.  Williams (1998, p.12) points out “Content 

(general vs. specific), goals (general vs. vocational), methodologies (student centred vs. other 

centred), and assessment (outcomes vs. competencies) are quite different, and to try and combine 

them will result in doing neither well.”  PCAST (2011) contradicts this by saying that we must 

prepare all students in the STEM fields, inspire them to learn STEM, and motivate them to 

pursue STEM careers.  Brown et al. (2011) further states that the push appears to have grown 

from concerns about the potential low number of professionals available for STEM jobs and 

careers in the future.  They also acknowledge that economics and educational competitiveness 

are involved.  The proponents of STEM education assume that it will help students perform 

better, be better prepared for college, be better prepared for jobs in STEM fields, and the U.S. 

will again rise to the top of international rankings (Brown et al., 2011). 

Teacher Education and Support 

PCAST (2011) recommends the recruitment and training of STEM teachers who have 

strong majors in STEM fields by providing vigorous support for programs that produce such 

teachers.  According to Museus et al (2011, pp.33-34) “Evidence regarding the impact of teacher 
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preparation on student outcomes is generally consistent in its indication that teacher 

qualifications in the subject they teach does, in fact, affect success among all students in the 

STEM education circuit.”  Mitchener and Anderson (1989) found that teachers resist change 

when extra preparation is involved, feel uncomfortable giving up class control and acting in the 

role of facilitator, and get easily frustrated when teaching unmotivated or under-performing 

students.  These authors emphasize the need for significant emphasis on teacher belief and value 

systems because teacher education and support can greatly influence STEM education in positive 

ways. 

STEM Support from Government and Policy Makers 

PCAST (2011) recommends that the government help with developing common 

standards in STEM subjects by providing financial and technical support through good 

professional development that is aligned with these shared standards and improved assessments 

aligned to these standards.  Bybee (2010) proposes a plan for reforming education and advancing 

STEM education in the United States, which he says will take a minimum of 10 years and would 

likely require action at multiple levels of government as well as policy changes.   

According to Bybee (2010), the first step in reforming education and advancing STEM is 

the development of model STEM units and the subsequent funding that is needed.  The model 

STEM units will cover major topics such as energy efficiency, hazard mitigation, and health, and 

emphasize competencies as learning outcomes.  Bybee (2010) asserts that: 

Providing model STEM units, professional development, and exemplary assessment at 

the elementary, middle, and high school levels would have an impact on the system, 

increase understanding and acceptance of STEM among school personnel, increase 
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support by policy makers and administrators, and promote understanding by the public. 

The units would provide a basis for answering the public's questions about what changes 

involve and why they are important--especially for children. (p. 34). 

In the second phase, data from student and teacher evaluations, achievement, abilities, 

and attributes, will be analyzed.  This data will lead to revisions of the model units, new models, 

and reason for expansion.  This should lead to new state standards, new assessments, new teacher 

certification requirements, new instructional materials, and new professional development.  This 

is the most difficult phase, as policy makers and educators resist change and criticize new 

initiatives and changes in policies, programs, and practices. 

During the last phase, continuous feedback will be needed to evaluate the changes 

necessary in all areas: curricula, teachers, teaching, assessment, and accountability.  Results and 

feedback from local districts, states, the National Assessment of Educational Progress (NAEP), 

and international assessments (Trends in International Mathematics and Science Studies 

(TIMMS) and Program for International Student Assessment (PISA)) will be collected regarding 

the reform efforts. 

Summary 

Although there seems to be many reasons why more attention to STEM education is 

necessary, it is clear that there is neither a concrete pathway to move forward or specific 

quantitative methodologies to measure results of any initiatives.  There are policy level 

proposals, yet these do not address implementation of STEM education at a classroom level.  

There are disagreements on the purposes and goals of STEM education.  There are also many 

critics of STEM education, though they are not necessarily against STEM education, just its 
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ambiguity. There is much discussion about what it is and what it isn‟t, but very few have taken 

the steps to lay out what a curriculum of STEM education should look like.  Even fewer have 

implemented these curriculums and investigated the results; whether these results are determined 

through standardized test scores, or some other form of assessment.  There seems to be an 

overwhelming need for less talk and more action.  Create curriculums, implement them, test 

them, tweak them, and from that, maybe we will be able to better define what STEM education is 

and isn‟t and the most appropriate means to achieve the national level policy goal of creating an 

appropriately educated workforce.  By taking the first step and implementing a STEM 

curriculum that incorporates all the areas of STEM which includes hands-on relevant experiences 

for the student and then evaluating it using standardized test scores, the researcher hopes to 

spearhead more action. 
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Chapter 3 

Methodology 

 The United States is falling behind in its output of students pursuing careers in STEM 

related fields.  The solution being proposed by many is the need for an integrated STEM 

curriculum.  However, one of the struggles with this is the ability for that STEM curriculum to 

meet the needs of state required curriculum and to enable students within the state to be 

successful on the standardized test of the state, which is the current tool used to measure 

achievement. 

Research Setting 

 A suburban middle school located in the southern United States, was the location of this 

study.  This middle school was located in a large school district that is the 29
th

 largest district out 

of 1,031 school districts in the state of Texas, which consisted of seven high schools, ten middle 

schools, and twenty-six elementary schools, and was a suburb of one of the largest cities in the 

United States.  This school district was very diverse due to the international businesses that 

surround the area.  The demographics of the district, according to the school district, are shown 

in Table 1. 

Table 1 

2010 – 2011 District Demographics 

Ethnicity Percentage 

Native Hawaiian/Other Pacific Islander 0.2% 

American Indian or Alaskan Native 0.3% 

2+ Ethnicities 2.9% 

Black or African American 8.2% 

Asian 9.6% 

Hispanic/Latino 25.1% 

White 53.8% 
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According to the district, this district had a lot of community support and the majority of the 

families are middle class with a median family income of around $75,000 per year.  

Population 

The eighth grade at this middle school had an approximate enrollment of 240 students.  

From these 240 students, a purposive sample of 179 students who were currently enrolled in 

eight intact eighth grade science classes was used.  The intact classes consisted of regular 

education science students.  Regular education science students are those enrolled in an on-level 

class as opposed to advanced or remedial classes.  Students were a mix of different 

socioeconomic status, gender, and race/ethnicity as well as at-risk, special education and 

gifted/talented students.  This sampling of students for the study represents approximately three-

fourths (74.6%) of the students on the campus.  Approximately 36.7% of the campus was in the 

treatment group and 37.9% of the campus in the control group.  Demographics for the groups 

were as follows (based on enrollment in that class): 
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Table 2 

Percent Demographics of Enrollment for Groups Studied 

Teacher Group Time SPED SES LEP 

Gender 

 

Ethnicity 

Male Female 

 

White Black Hispanic Asian Other 

Teacher 1 C1 AM 38.5 23.1 0.0 69.2 30.8 

 

57.7 11.5 26.9 3.8 0.0 

Teacher 1 C2 PM 26.1 43.5 0.0 47.8 52.2 

 

39.1 21.7 17.4 8.7 13.0 

Teacher 1 T1 AM 33.3 52.4 4.8 42.9 57.1 

 

33.3 14.3 38.1 4.8 9.5 

Teacher 1 T2 PM 20.0 25.0 5.0 75.0 25.0 

 

45.0 5.0 25.0 15.0 10.0 

Teacher 2 C1 AM 9.1 50.0 13.6 54.5 45.5 

 

40.9 4.5 40.9 13.6 0.0 

Teacher 2 C2 PM 5.0 15.0 0.0 55.0 45.0 

 

50.0 10.0 30.0 10.0 0.0 

Teacher 2 T1 AM 8.7 43.5 0.0 43.5 56.5 

 

43.5 21.7 30.4 4.3 0.0 

Teacher 2 T2 PM 0.0 54.2 4.2 62.5 37.5 

 

33.3 29.2 29.2 8.3 0.0 

Teacher 1 C TOTAL 32.3 33.3 0.0 58.5 41.5 

 

48.4 16.6 22.2 6.3 6.5 

Teacher 1 S TOTAL 26.7 38.7 4.9 58.9 41.1 

 

39.2 9.6 31.5 9.9 9.8 

Teacher 2 C TOTAL 7.0 32.5 6.8 54.8 45.2 

 

45.5 7.3 35.5 11.8 0.0 

Teacher 2 S TOTAL 4.3 48.8 2.1 53.0 47.0 

 

38.4 25.5 29.8 6.3 0.0 

  C TOTAL 19.7 32.9 3.4 56.7 43.3 

 

46.9 12.0 28.8 9.0 3.3 

  S TOTAL 15.5 43.8 3.5 56.0 44.0 

 

38.8 17.5 30.7 8.1 4.9 

    Overall 17.6 38.3 3.4 56.3 43.7 

 

42.9 14.8 29.7 8.6 4.1 

 

Note. C = Control Group; T = Treatment Group; SES = Socioeconomic Status; SPED = Special 

Education; LEP = Limited English Proficient 

Instrumentation 

A quantitative test consisting of previously used Texas Assessment of Knowledge and 

Skills (TAKS) items (called Released TAKS tests) in eighth grade math and science, which 

coincide with the curriculum being taught, was administered as a pretest and posttest.  The 

Released TAKS test includes not only the questions used, but the answers and the TEK that the 

question is testing.  Therefore all questions on the Released TAKS tests that are aligned to the 

TEKS in the study were used.  The TAKS test was the current instrument used to measure 

student success at the time.  Therefore since the focus of this study was the effect of the STEM 

curriculum on standardized testing, using previous TAKS questions, that have been released by 

the state and are authentic, would simulate what would be typically used by schools to monitor 
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student progress.  These questions, which have already been piloted, will help to achieve 

reliability and validity as it pertains to this study.   This allowed the researcher to determine if 

integration made a difference based on the gains made by the students between the pretest and 

posttests.  Some of the improvement between pretests and posttests with both groups could be 

attributed to the math teachers of the students and their instruction during this time.  However, 

since both groups had equal access to this math instruction with the same instruction, the 

differences between the two groups should be minimal as it pertains to the impact of the study.  

The math instruction received by the subjects would be the same as assigned by the districted 

scope and sequence. However, implementation of the math instruction was not monitored. 

The curriculum being taught to the treatment group was a STEM curriculum provided by 

the Infinity Project and Southern Methodist University.  The Infinity Project (n.d.) is a science, 

technology, engineering, and mathematics curriculum, “created to help students see the real 

value of math and science and its varied applications to high tech engineering”.  This curriculum 

was chosen because Teacher 1/Researcher received a grant from the Infinity Project to 

implement the curriculum at the school.  The principal at the school permitted use of the 

curriculum for the school year, but asked for quantitative data showing its effectiveness before 

approving the curriculum for use in future school years or expanding the program.  As shown in 

Table 3, the control groups received instruction in the traditional teaching style of both teachers, 

who plan lessons together and do the same lessons on the same days which consist of labs, some 

worksheets, and a small amount of discourse.  The lessons used for the control group were lesson 

plans created together by Teacher 1 and Teacher 2 the prior school year to address the science 

Texas Essential Knowledge and Skills (TEKS) being studied.  This was to prevent skewing the 

instruction to address the questions on the pretest and posttests given for this study.  This 
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teaching style lacked the integration aspect, as well as inquiry and project based teaching.  It also 

lacked the real world application that is provided by the integrated STEM curriculum, as shown 

in Table 3, created by the Infinity Project.  The Infinity Project curriculum is considered a STEM 

curriculum because according to The Infinity Project (n.d.), “students stay focused on the math 

and science concepts behind technologies they enjoy.  They apply key concept through hands-on 

engineering design projects such as building a speaker, digital music player, robot, rocket or 

prosthetic implant.”  

Table 3 

Lesson Type By Curriculum 

DAY CONTROL TREATMENT 

1 PreTest PreTest 

2  Force and Motion Notes Booklet – Read 

through PPT and students complete fill in the 

blank note sheet. 

 Rocketry PPT 

 Focus Question – Discuss: What are forces? 

How do they apply to rockets? 

 Read about the forces acting on a rocket 

(thrust, drag, weight, etc), mass vs weight, the 

stages of rocket launch, and what the 

components of a rocket are. 

 Discussion from PPT on highlights from the 

reading. 

 

3  Ping-Pong Demo – students witnessed a 

teacher demo of a pinpong ball floating above 

a blow dryer 

 Inertia Lab – students investigated the effects 

of newton‟s first law using a matchbox, 

marble, lego figure, and a ramp 

 Rocketry PPT 

 Activity 1.1 - Find the weight of different 

objects, then find the similar size objects and 

find the weight of those objects, compare the 

weights of objects to each other. 

 Discuss: How does mass and weight relate to 

acceleration due to gravity? What are the 

units of measure for mass, weight, and 

acceleration? 

 Exercise 1.2 – practice using the formula 

w=mg to find the difference in weight of an 

object on earth and the same object on the 

moon 
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4  Motion Stations – Students completed a lab 

that consisted of various stations that 

demonstrated speed, velocity, accleration, 

action-reaction, friction, gravity, inertia using 

items such as toy cars, spring scaled, various 

surfaces 

 

 Rocketry PPT 

 Think Pair Share – what are 3 main forces 

acting on a rocket 

 Review forces acting on rockets, rocket launch 

stages, and rocket components from reading 

(and ppt from day 2) 

 Watch Videos of rocket launches and indentify 

the the stages of the launch 

 Read about Newtons 1
st
 and 2

nd
 Law and how 

they apply to rocket launches, read about 

inertia, acceleration, the formula f=ma, 

formula for acceleration, positive and negative 

acceleration on a graph and slope, formulas for 

powered ascent, coasting ascent, and descent, 

and examples of all the formulas in use. 

 Discussion from PPT on highlights from the 

reading 

 

5  Newtons Laws WS – students were given a 

scenario of each of newton‟s laws (riding in a 

car without a seatbelt, sports, etc) and then had 

to create their own definition of each of the 

three laws 

 Understanding Forces Concept Map – students 

took notes on a teacher created concept map 

that went along with a powerpoint the teacher 

showed and discussed 

 HW: Understanding Forces Questions – 

students completed a serious of word problems 

for practice which consisted of using the 

formula for speed (s = d/t) and force (f=m/a) 

 

 Rocketry PPT 

 Discussion of what acceleration looks like, and 

how it applies to 2nd law 

 Review examples from reading the day before 

 Discuss slope of line and explain about it on a 

graph 

 Discuss +  and - acceleration 

 Study graphs in reading and replicate motion 

of graph with a tennis ball 

 

6  Law 1 Lab – students investigated newton‟s 

first law with pulling paper from under a 2 liter 

bottle of water and the bottle not moving and 

flicking an index card with a penny resting on 

top off a beaker and watching the penny fall 

straight down 

 Rocketry PPT 

 Review PPT on calculating acceleration and 

newtons 2
nd

 law. 

 Exercise 1.3 – practice calculating mass, force, 

and acceleration using f=ma and the formula 

for finding acceleration 

 

7  Domino Dash – students investigated the 

meaning of average speed by lining up 

dominos and measuring the length of the 

domino train and the time it takes for them to 

fall down and then varying the spacing 

 HW: Speed Machines – students practiced 

calculating the speed of various things such as 

a rocket car and nasacar racecar and then 

figuring out how long it would take them to go 

a certain distance at that speed. 

 

 

 

 Rocketry PPT 

 Read Did you know on pg 5.13 

 Reread Rocket Motion and go over 3 equations 

(from day 4 ppt and readings) 

 Discuss aspects engineers must consider when 

designing a rocket 

 Activity 1.4 – have two coffee filters (one 

crumpled into ball) with a washer taped to 

them – throw up in air and observe motion of 

each and compare to rocket launch stages 
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8  Speed Trials Lab – students measure the 

distance a toy car goes down a one meter ramp 

and learn the difference between average 

speed, instantanoues speed, and constant speed 

 

 Exercise 1.5 – practice using f=ma to calculate 

the acceleration of rockets with thrust being 

the force 

 Activity 1.6 Rocket Car – use balloon powered 

rocket car to practice collecting data and 

calculating acceleration – time how long it 

takes the car to go a certain distance and then 

vary the mass.  Graph the results. 

 

9  3rd Law & Action Reaction PPT – students 

look at a ppt led by the teacher at various 

examples of action reaction (3
rd

 law) such as 

rocket launches and a batter hitting a baseball 

 HW: Defining Forces – students are given 

several scenarios and they have to list and 

draw arrows representing the forces acting on 

the object, determine if it is balanced or 

unbalanced, and figure out the net force acting 

on the object and in what direction 

 

 Read abouts Newtons 3
rd

 Law and action-

reaction, and conservation of momentum as 

well as the formula for conservation of 

momentum as it applies to thrust force 

 Rocketry PPT  

 Explain how momentum is conserved w/ 

skateboarder & ball  in picture from reading 

 Discuss examples from reading on calculating 

conservation of momentum 

 Diccuss PPT that highlights the reading 

 Exercise 2.1 – practice using the formula for 

conservation of momentum 

 Discuss in groups how changing thrust force & 

time of burnout would affect impulse value.  

 Explain why average mass is used in equation 

for Vb  (velocity at burnout) 

 Exercise 2.2 – practice using inpulse value and 

velocity at burnout to calculate rocket thrust 

 

10  Unbalanced Forces Lab – using spring scales 

and wood blocks with eyescrews, students 

investigate how balanced and unbalanced 

forces act upon an object and what affect 

friction can have on an object 

 HW: Clozing In on Science 8.6A – fill in the 

blank worksheet with wordbank that hits on all 

the key points of speed, velocity, and 

acceleration (an intervention strategy) 

 Activity 2.3 Soda Can Engines – students use 

soda cans filled with water and holes in it at 

various places to investigate the effect of force 

on acceleration and thrust 

 Read about combustion and chemical rockets, 

energy needed for propulsion, model rocket 

engines, engine performance, engine 

specifications 

 Rocketry PPT - discuss ppt of higlights from 

the reading 

 Activity 2.4 - slingshot car – students use 

rubberbands and film canister to create sling 

shot car.  They then vary the number of rubber 

bands used, the amount of pull on the rubber 

bands, and the mass of the film canister to 

affect the distance the film canister is able to 

travel and relate this to newton‟s laws. 

 

 

 

 

 

 

 



SCIENCE, TECHNOLOGY, ENGINEERING, AND MATHEMATICS (STEM)                     27 

CURRICULUM AND STANDARDIZED TEST SCORES IN MIDDLE SCHOOL STUDENTS 

 

11  Speed, Velocity, & Acceleration Lab – 

students walk different size steps at difference 

speeds in different directions to investigate 

how speed, velocity, and acceleration look on a 

distance vs time graph and what the difference 

is between the three, how we can determine 

them for an object, and how we can 

differentiate between them on a graph 

 Read about rocket trajectory, graphing rocket 

trajectory, the phases of the launch, speed, 

altitude, importance of drag 

 Rocketry PPT – dicuss PPT of highlights from 

the reading 

 Exercise 3.1 & Discuss – looking at graphs and 

determining which shows acceleration, 

deceleration, constant velocity, and which one 

shows a faster speed 

 Activity 3.4 – Launch paper rockets made with 

a pencil and modify designs to determine 

which designs allowed for longest/shortest 

flight distances 

 

12  Laws of Force & Motion Lab – Investigated 

how a body at rest remains at rest and how the 

force requires to move an object changes with 

mass using toy cars, weights, and spring scales 

 HW: Clozing In on Science 8.6C – fill in the 

blank worksheet with wordbank that hits on all 

the key points of force and motion (an 

intervention strategy) 

 

 Students went outside and did rocket launches.  

They timed the various stages of a rocket 

launch (powered ascent, coasting ascent, and 

descent), and tracked the altitude at which each 

of these stages occurred. 

 

13 PostTest PostTest 

28 PostTest 2 PostTest 2 

 

Procedures 

This study followed a quasi-experimental non-randomized pretest-posttest control group 

design.  According to Moore (1983), quasi-experimental research is research in which:  (1) the 

experimenter has manipulative control over the independent variable; and (2) the subjects are not 

randomly assigned to the treatment.  According to Campbell, Stanley, & Gage (1963), the non-

randomized pretest-posttest control group research design is identical to the pretest-posttest 

control group which effectively controls for threats to internal validity by utilizing two groups of 

subjects; both groups are pretested at the same time (prior to the time the experimental group is 

exposed to the experimental treatment) and both groups are posttested at the same time 

(following the time the experimental group is exposed to the treatment).   However, in this 
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design, the subjects are not randomly selected and assigned to the experimental and control (or 

comparison) groups.  The purpose of this research design is to study the effect of a treatment in a 

situation in which random selection and assignment are not possible.  The four treatment and 

four control groups used in this study will be from second semester, intact, eighth grade science 

classes. 

For reasons of internal validity, the same teacher (who is also the researcher) instructed 

two treatment and two control groups that were compared.  Since different teachers were being 

used, this could affect the results in the different methods used and these individuals differ in 

ways that could affect the outcome.  A lesson plan will be generated for each day that states what 

is to be done and for which class period.  For reasons of external validity, a second teacher also 

instructed two treatment and two control groups that were compared.  This allowed the results to 

be generalized to the population of the students at the school.  Both teachers had been trained in 

both the protocols for this study, although familiarity with both protocols is not equivalent.  The 

treatment groups received instruction using the STEM curriculum provided by the Infinity 

Project and Southern Methodist University as described above in the Instrumentation section.  

Teacher 1, who is also the researcher, received 37.5 hours of training provided by the Infinity 

Project in this curriculum, while Teacher 2 did not receive any official training on the Infinity 

Project curriculum.  Teacher 1 provided Teacher 2 training in the Infinity Project curriculum 

throughout the course of the study, in the same method that Teacher 1 was trained.   

The control groups received instruction in the traditional teaching style of both teachers 

as described in the instrumentation section.  Teacher 1 had 6 years of experience in growing and 

developing this method while Teacher 2 had 11 years of experience.  To help minimize any 

limitations as to the teacher‟s ability to administer the two different types of instruction equally 



SCIENCE, TECHNOLOGY, ENGINEERING, AND MATHEMATICS (STEM)                     29 

CURRICULUM AND STANDARDIZED TEST SCORES IN MIDDLE SCHOOL STUDENTS 

 

well, both teachers kept a reflective journal so that the researcher (Teacher 1) could analyze 

teaching ability and to help provide control for the teachers‟ ability to implement the techniques 

equally well.  Kember (2003) says that experimental designs within education are full of 

variables that cannot be controlled like they are in the scientific arena.  He asserts that one 

method of conducting experimental research designs in education is the triangulation across 

multiple evaluation methods.  One of the most common methods used to establish this is teacher 

observation and reflection.  Kember (2003) also says that although an experimentalist might 

question whether the reflections were sufficiently objective, they can certainly provide valuable 

formative guidance. 

Since the study design utilized intact classes, the target and accessible populations are 

synonymous.  No individual students were randomly selected for this study.  The intact classes 

were randomly assigned to the treatment and control groups based on the academic schedule of 

the school and students.  To control for time of day, two treatment groups and two control groups 

were in the morning, and two treatment groups and two control groups were in the afternoon.  

Time of day can have many effects on a student‟s performance and concentration in class.  This 

varies from child to child.  Based on prior observation of the researcher, some students are more 

alert in the morning than in the afternoon and vice versa.  This can be due to many factors that 

cannot be controlled such as the amount of sleep a student received the night before, overall 

general health, diet, extra-curricular activities, medications, and many other factors. 

Treatment 

Each of the eight classes was randomly assigned to either the treatment groups or control 

groups as seen in table 4 below. 
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Table 4 

Breakdown of Groupings 

Teacher Group Time 

Teacher 1 Control 1 AM 

Teacher 1 Control 2 PM 

Teacher 1 Treatment 1 AM 

Teacher 1 Treatment 2 PM 

Teacher 2 Control 1 AM 

Teacher 2 Control 2 PM 

Teacher 2 Treatment 1 AM 

Teacher 2 Treatment 2 PM 

  On the first day of the study, each class was given quantitative pretest (See Appendix A) 

consisting of previously used TAKS test, which is the standardized testing assessment used in 

the State of Texas through 2011.  Items from previously released TAKS tests were chosen 

because the TAKS test has been the assessment used to measure the knowledge of students in 

Texas.  Since the focus of this study is the possible impact of STEM curriculum on standardized 

test scores, the most efficient way to measure performance on the TAKS test would be to use 

actual questions from the test.  Since the tests are only released on a periodic basis, the two most 

recently released tests for math and science have been used to draw questions from, pertaining to 

the TEKS covered in this study.   The pretest was given to measure gains as a result of the 

instruction they received, as well as for equivalence purposes.  For the following 2 weeks of the 

research study, the treatment group received the treatment covering the Math and Science Texas 

Essential Knowledge and Skills listed in Appendix B.  The control group also received 

instruction on the same science TEKS.   
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Data Collection 

The pretest was administered on the first day of the study by an outside teacher while 

Teacher 1 and Teacher 2 were not in the respective classrooms.  All participants, to the best of 

the teacher‟s ability, were present for each lesson.  Upon completion of the treatment, a posttest 

was administered to all groups by the same outside teacher as done for the pretest. The posttest 

was the same test that was used as the pretest.  The posttest was then administered a second time 

after a period of three weeks for repeated measure to check for knowledge retention in the same 

manner as the pretest and first posttest.   

Data Analysis 

Analyzing scores from the Texas standardized test, Texas Assessment of Knowledge and 

Skills (TAKS), in comparison to eighth grade STEM curriculum, will determine its effectiveness 

in terms of how the state holds schools accountable.  A T-Test will be performed in order to 

determine if there is any significance in any of the results.   According to Connelly (2011), a T-

Test is used to compare the means of two different groups in order to determine if the treatment 

made a difference.  It is used to determine if differences between the means are greater than by 

chance, which would mean there was significance (Connelly, 2011).  A T-Test is used to decide 

whether or not to reject the null hypothesis which would be the different curriculums would not 

make a difference in the scores of the pretest and posttests.  The T-Test for this study was done 

using the T-Test statistical function in Microsoft Excel. 

  



SCIENCE, TECHNOLOGY, ENGINEERING, AND MATHEMATICS (STEM)                     32 

CURRICULUM AND STANDARDIZED TEST SCORES IN MIDDLE SCHOOL STUDENTS 

 

Chapter 4 

Results 

Quantitative Findings 

 The overall average for the treatment group and control group on each of the tests given 

has been provided in Table 5.  This has been further broken down by teacher to show 

performance of each group. 

Table 5 

Class Average Comparisons for Tests Given 

Population Sample 

PreTest 

Avg 

Posttest 

Avg Posttest 2 Avg 

Overall 
C 61.47 65.17 68.16 

T 59.18 63.27 65.30 

Teacher 1 
C 60.79 62.68 65.02 

T 54.75 59.58 62.60 

Teacher 2 
C 62.14 67.65 71.30 

T 63.61 66.95 68.01 

Note. C = Control Group; T = Treatment Group; Avg = µ 

 

The scores from all of the tests administered were input into a Microsoft Excel 

spreadsheet and various T-Tests were performed on the data.  P-Value results from the T-Test 

that were less than 0.05 were considered significant, thereby rejecting the null hypothesis.  Per 

Table 6, the T-Test conducted on the control group versus the treatment group for each test 

given, found that the results were not significant, thereby proving the null hypothesis and that 

there was not a difference in standardized test scores as a result of using a different curriculum. 

The researcher chose to then further break down the data to see if there was any significance 

found for either Teacher 1 or Teacher 2, and again the results were not significant.   
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Table 6 

T-Test Results 

Population Sample Comparison P-Value Significant/Not Significant 

ALL Pretest Control Vs. Treatment 0.4550 Not Significant 

  Posttest Control Vs. Treatment 0.5650 Not Significant 

  Posttest 2 Control Vs. Treatment 0.3802 Not Significant 

Teacher 1 Pretest Control Vs. Treatment 0.1119 Not Significant 

  Posttest Control Vs. Treatment 0.4067 Not Significant 

  Posttest 2 Control Vs. Treatment 0.5488 Not Significant 

Teacher 2 Pretest Control Vs. Treatment 0.6863 Not Significant 

  Posttest Control Vs. Treatment 0.8524 Not Significant 

  Posttest 2 Control Vs. Treatment 0.3678 Not Significant 

  

Qualitative Findings 

Both teachers were asked to keep a daily reflection log.  Things they were to consider when 

writing the log were the following questions: How did the lesson go?  What would you change?  

What were the issues with the lesson or that arose during the lesson?  Good things/things you 

liked?  Were the students engaged?  Was it authentic or ritual?  Do you think they understood 

what they were doing and why they were doing it?  Table 7 displays the daily reflective logs 

created by Teacher 1 and Teacher 2.  Some entries were longer than others.  Both teachers 

struggled to answer all of the questions on a daily basis that were posed by Teacher 

1/Researcher. 
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Table 7 

Reflective Journal Entries 

Day Group Teacher 1 Teacher 2 

1 Control Pretest - students quietly took test.  Test 

took entire period. Students struggled with 

it. 

Gave pretest.  Pretest took entire class 

period. 

STEM Pretest - students quietly took test.  Test 

took entire period.  Students struggled with 

it. 

 

Gave pretest.  Pretest took entire class 

period. 

2 Control Students completed fill in the blank notes 

that went along with a ppt as we discussed 

the topics of force and motion.  The notes 

themselves were not that interesting, but 

the ppt had some good animations in it 

which were very explanatory – I also used 

several examples including pushing a 

student across the room in a chair talking 

about force and the resulting acceleration.  

I ended class with a “music video” on 

speed, velocity, and acceleration.  The 

students seemed to understand the lesson 

and were for the most part engaged. 

 

Did not finish notes.  Thought for next time 

is to take notes on Inertia then do lab.  

Takes notes on next section and then do lab 

STEM Students read from the EFT manual.  This 

reading was very dry, it was boring, and 

was a little hard for them to understand.  

After reading it as a class, I used the 

accompanying PowerPoint that 

summarizes/discusses/explained the 

reading and the students seemed to have a 

better understanding.  They were not 

authentically engaged and I had several fall 

asleep even though I was trying to make it 

interesting. 

 

Finished notes.  Kids were a little 

unfocused 

3 Control Students loved this.  Were all actively 

engaged with the Ping-Pong demo and may 

want to try other things.  Many students 

wanted to go home and try this at home.  

Students did the inertia lab but didn't get a 

lot out of it - it was not as exciting after the 

ping pong ball and we ran out of time to 

fully complete the lab and discuss 

 

  

STEM Students struggled with the directions for 

the activity and didn't fully understand the 

point.  They did a good job with the PPT 

and discussion and were routinely engaged. 

 

Somewhat engaged during the PPT and 

somewhat understood activity 1.1 & 1.2 
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4 Control Students enjoy the motion stations.  They 

get to move around the room and each 

station is something different - they like the 

change of pace.  They did get frustrated 

when it was time to rotate because they 

were engaged and had been trying "other 

things". 

Kids a little more engaged.  Motion 

stations was a big hit. 

STEM Students are doing better with the 

discussions - more are paying attention.  

The reading is boring and dry and over 

their head, but the ppt summary and 

discussion after really helps.  It does a good 

job of reviewing things from the day before 

and tying it into the new content of the day. 

Not very interested in the reading. Very 

boring.  Discussion was hard to keep them 

interested 

5 Control Students found this kind of boring.  They 

understood and did what was asked of them 

(ritual compliance) but they were not 

actively engaged.  Students didn't pay 

much attention to what was being said 

during the discussion of the notes (concept 

map) just looked for what to copy. 

 

Understood their work and were engaged 

in what we were talking about. 

STEM Students are continuing to do well with the 

discussions.  More and more students are 

participating.  I wouldn't say that they are 

enjoying it, but they are paying attention 

and contributing.  They did like playing 

with the tennis ball to demonstrate graphs 

 

Launch videos got their attention and was 

more engaging.  Lost them with the math 

when going over examples. 

6 Control Students liked the wow factor of this.  They 

thought of it as a bunch of "parlor tricks" 

but they understood what was going out 

and were easily able to grasp the meaning 

behind law 1. 

Students were involved in the discussion.  

They liked the lab of law 1. 

STEM Students were less engaged today as we 

reviewed the information, though they did 

remember it from the day before.  They did 

well with the math in exercise 1.3 but 

overall they were bored today. 

 

Did well on 1.3 activity, but really did not 

pay attention during the PPT. Discussion 

did not go well. 

7 Control Students really liked the domino dash 

activity.  The concept was easy to grasp 

and they had fun playing with the dominos 

and even took it further by testing lines 

other than straight - and questioned where 

dominos in a circle would fall at the same 

speed as if they were in a straight line if 

they spacing was kept the same.  Struggled 

with speed machines though I think it is the 

layout and directions of the assignment, not 

the content. 

Really liked Domino Dash. Were really 

into the lab and did well on it. 
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STEM Again the reading is over their head and 

many have gotten to the point where they 

aren't paying much attention to the reading 

- they are waiting for the PPT with 

highlights that we go over and 

discuss…and they are paying attention to 

that.  I dislike the reading and probably 

won't use it again - unless it was rewritten 

on their grade level.  Students are actively 

participating in the discussion and are 

using the rocketry terminology during 

discussions.  The students didn't get much 

out of activity 1.4.  It has potential but as 

with quite a few of them labs for this, the 

activity is good, but the follow up and 

conclusion questions are poor. 

 

They really don't like the reading.  It's too 

much over their heads. Did Activity 1.4. 

8 Control Students were ritually engaged and doing 

what they were supposed to be they were 

not actively engaged.  They followed the 

directions and did the lab, but there was no 

discussion at the tables (other than off-

topic) and they weren't "involved".  They 

made it seem like busy work. 

 

Speed Trials lab was another big hit with 

them.  They like to manipulate the weight 

of the car. 

STEM Lost interest in the ppt and Exercise 1.5.  

The rocket car lab was cool but the 

recommended equipment was horrible and 

fell apart.  Big waste of money.  Ended up 

having to do single demos for the class 

because so many of the rocket cars 

wouldn't last more than 1 trial.  Great idea - 

but just needs better equipment.  The kids 

were however actively engaged, even with 

the demos and were discussing better ways 

to build the rocket cars. 

 

Not really interested in the PPT and 1.5 

exercise, but really liked the rocket car lab. 

9 Control Students didn't really pay too much 

attention to this PPT.  They were able to do 

everything asked and knew the 

information, which was good, but they 

were bored.  The Defining Forces 

assignment was completed successfully by 

most. 

Not really interested in the PPT and 

defining forces assignment. Lost them on 

this assignment. 
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STEM Much of this was way over their heads and 

not needed.  This should have been more at 

a high school level.  I decided to pick out 

the important bits to discuss and explained 

things in words they could understand.  I 

stood up on a rolling chair and threw a 

tennis ball to mimic the skateboard 

throwing the tennis ball - kids loved it and 

understood what was going on that way.  

We worked through Exercise 2.2 together 

and they were good sports about it and 

tried - but it was all way over their heads.  

They were able to plug in and solve the 

formula when setup for them but had no 

idea about the concepts behind it. 

 

Understood the momentum of the 

skateboarder moving backwards when 

throwing a ball. Did not understand the 

math to find velocity of burnout Vb. Way 

over their heads. 

10 Control Students seemed to enjoy this lab and were 

actively engaged.  They were discussing 

the effect of the different spring and what 

happened. 

 

Got into unbalanced forces lab with the 

pulling of spring scales.  Engaged and 

understood. 

STEM Students loved the soda can engines and 

the sling shot car.  They really got into the 

sling shot car and trying different 

combinations of materials.  They turned it 

into a competition and were launching their 

sling shots across the room trying to outdo 

each other.  They were using the 

vocabulary and were applying the concepts 

of newton‟s laws.  The lab write-up itself 

needs work - but the students took it there 

without the lab paper.  As usual the reading 

was boring and we didn't finish reading it - 

I just discussed the key points with them. 

 

Soda can engine & sling shot car was big 

success for engagement and doing the lab.  

Labs need more rigor but two labs that kids 

love. 

11 Control Students enjoyed the activity but did not 

seem to grasp why they were doing it.  It 

was a fun activity but they didn't seem to 

get much out of it. 

Speed, Velocity, & Acceleration not a 

really big hit with this one because of 

confusion of the procedures.  They did it 

but I did not think this lab really got their 

attention. 

 

STEM Instead of reading, we just discussed the 

important parts and went over the ppt.  

They did understand the graphs and were 

able to complete the exercise with ease.  

We did not get to the paper rocket 

launches. 

 

Reading the pages 27-34 is too boring. 

Were really resistant in staying focused 

while reading & ppt.  Was not a very 

engaging lesson for them to follow sling 

shot and soda can engine up with. 

12 Control The students seemed to be engaged with 

the lesson and did a good job.  I believe 

they were actively engaged and they did 

get to see all of the laws demonstrated as 

reinforcement. 

Kids really liked this lab because they get 

to crash the little car. Good lesson and kept 

their attention. 
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STEM Students enjoyed launching the rockets.  

They got really into it and had a countdown 

and everything.  I wish we had more 

rockets so that the kids were able to launch 

them.  Due to budget constraints we were 

only able to launch about 3 rockets per 

class instead of one per group as the lab 

suggested.  The other issue was time.  I 

would have liked to have let the students 

build the rockets but we had to finish the 

unit in order to stick with my district scope 

and sequence.  The students did measure 

the altitude and time but I don't think they 

got much out of the lab itself (the write-up 

was horrible).  It was just a fun day. 

 

Launching the rockets was the best, but the 

lab write up itself was not very good.  Too 

much garbage that the kids did not need to 

know on the page. 

13 Control Posttested today.  Went like any other 

testing day.  A few students were surprised 

to see the exact same test as the pretest.  

They commented that the test was easier 

this time since they now had learned the 

material.  I explained that was the whole 

point. 

 

Students took posttest.  Seemed to have an 

easier time.  Didn't take quite as long. 

STEM Posttested today.  Went like any other 

testing day.  A few students were surprised 

to see the exact same test as the pretest.  

They commented that the test was easier 

this time since they now had learned the 

material.  I explained that was the whole 

point. 

 

Students took posttest.  Seemed to have an 

easier time.  Didn't take quite as long. 

28 Control Took posttest 2.  Students were surprised to 

take another test on force and motion since 

we had finished the unit 3 weeks prior.  But 

when they realized it was again the same 

test they had already seen, they relaxed and 

said it was much easier. 

 

Students complained about having to take 

posttest again.  Didn't take it seriously. 

STEM Took posttest 2.  Students were surprised to 

take another test on force and motion since 

we had finished the unit 3 weeks prior.  But 

when they realized it was again the same 

test they had already seen, they relaxed and 

said it was much easier. 

Students complained about having to take 

posttest again.  Didn't take it seriously. 
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Chapter 5 

Conclusions and Summary 

 STEM education is becoming a necessity in order to meet the demands of the growing 

need for a STEM educated workforce.  Development of STEM curriculums in order to meet this 

need have flourished.  However, the lack of empirical evidence in support of these curricula is 

astounding.  This study aimed to answer the question: Does using a STEM curriculum provided 

by the Infinity Project impact state standardized test scores in mathematics and science for eighth 

grade students at a middle school located in the southern United States?  This study encompassed 

approximately 75% of the enrolled students at a middle school in the southern United States and 

divided those students into two groups.  The control group received traditional teaching from one 

of two teachers participating in the study.  The treatment group received instruction using a 

STEM curriculum from the Infinity Project.  The following conclusions were drawn from the 

results of this study. 

1. The students engaged in participating in the STEM curriculum treatment group,  in this 

study, did not show statistically significant differences in standardized testing scores 

compared to students overall because the P-Value was greater than 0.05 for all tests 

given. 

2. The students engaged in participating in the STEM curriculum treatment group, when 

reviewed by teacher  in this study, did not show statistically significant differences in 

standardized testing scores compared to the students overall .  The P-Value was greater 

than 0.05 for all tests given. 
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3. The teacher reflective log was not as useful as originally intended due to differences in 

information provided by the two teachers because Teacher 1 provided more information 

than Teacher 2 as reflected in the daily log. 

The researcher found that the unit chosen from this particular STEM curriculum, although 

intended for the population being studied, was not geared to the population being studied.  This 

may have caused the results to not be statistically significant in many areas as originally 

expected.  Because of the growing attention being placed on integration and STEM curriculums, 

further research on the effects of STEM curriculum on standardized testing scores is 

recommended.  Also, further research on the various STEM curriculums available, and their 

effects, is also recommended.  Several factors may have influenced this study, and based on 

these factor modifications are suggested. 

Limitations 

 There were several limitations with this study which may have impacted the results.  One 

limitation is that the research collected demographic data, but did not explore it.  A second 

limitation is that Teacher 1 was more knowledgeable than Teacher 2 in the STEM curriculum.  

Teacher 1 endeavored to train and explain the STEM curriculum to Teacher 2, but Teacher 2 

would have most benefited attending the same training as Teacher 1.  Teacher 2 often did not see 

what was coming up until the day of teaching, and therefore, may not have been as prepared as 

Teacher 1.  A third limitation is that Teacher 1, as the researcher, had more vested in the study.  

This is evident in the information provided in the reflective journal log entries as well as Teacher 

1‟s ability to implement the STEM curriculum in a way that the students participating in the 

treatment group could understand, since the curriculum was not geared to the population.   
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 There were also limitations within STEM curriculum for the unit studied.  In this 

particular unit the engineering and technology portions of the curriculum were very weak.  The 

students did use parts of the engineering design process when designing and altering the sling 

shot cars and manipulating the rockets, however this was a weakness for the unit.  Also, there 

was very little technology used within the unit, other than looking up some information on a 

website. 

Implications 

The United States is falling behind the rest of the world in the STEM fields which is 

concerning many leaders of America.  Various initiatives have been created in response to the 

shortages such as the ACI created by President George W. Bush.  Advisors to President Obama 

have stressed the need for a strong STEM workforce to meet the challenges of the present and 

future.  Testimonies were made before Congress which included a business leader of a major 

corporation, Boeing, about the growing need for STEM education and how the nation‟s security 

is at stake.  A member of the NSF also testified in regards to changes being made in the 

organizations focus on improving STEM education.  Testimony from a professor at the 

University of Wisconsin concluded that middle school is where the focus for more STEM 

teachers should be. 

This study shows that there is no statistical significance between the students receiving 

traditional teaching and students receiving instruction using an integrated STEM curriculum 

from the Infinity Project.  However, this does not mean that utilizing a STEM curriculum will 

not increase the number of STEM educated people entering the STEM workforce.  Further 

evaluation of STEM curriculums is still needed because STEM education is needed.  The 

demand for a STEM educated workforce will not disappear, and existing methods of instruction 
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are not producing the STEM workforce that is required.  Further study must be done in order to 

find ways to improve STEM education and increase the numbers of students moving on to 

pursue careers in the STEM workforce. 

Future Research 

 Future researchers should focus on longer-term studies.  This study was only 2.5 weeks 

and covered one unit.  It was not an adequate evaluation of the entire curriculum or 

representative of the curriculum‟s effectiveness on standardized test scores.  This study is only 

representative of the particular unit.  Also, future researchers choosing to use this STEM 

curriculum may want to revise this unit so that the language and curriculum is geared towards the 

population being studied.  This particular unit is lacking in the technology and engineering 

portions of STEM.  It is recommended that while revising this unit, more engineering and 

technology be included in this unit in order to make it more of a balanced STEM curriculum.  

Evaluating further units or curricula for a balance of the science, technology, engineering, and 

mathematics that makeup STEM are also recommended.  If there is not a balance of those areas, 

than the curriculum might not truly be a STEM curriculum and therefore may impact results of 

future studies. 
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Appendix B 

The following Math TEKS (TEA, 2011b) will be covered:  

(8.2)  Number, operation, and quantitative reasoning. The student selects and uses  

appropriate operations to solve problems and justify solutions. The student is 

expected to: 

(A) select appropriate operations to solve problems involving rational 

numbers and justify the selections; 

(C) evaluate a solution for reasonableness; and 

(D) use multiplication by a given constant factor (including unit rate) to 

represent and solve problems involving proportional relationships 

including conversions between measurement systems. 

(8.5)  Patterns, relationships, and algebraic thinking. The student uses graphs,  

tables, and algebraic representations to make predictions and solve problems. The 

student is expected to: 

(A) predict, find, and justify solutions to application problems using 

appropriate tables, graphs, and algebraic equations; and 

(8.12)  Probability and statistics. The student uses statistical procedures to  

describe data.  

The student is expected to: 

(B) draw conclusions and make predictions by analyzing trends in 

scatterplots;  
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The following Science TEKS (TEA, 2011b) will also be covered:  

(8.6)  Force, motion, and energy. The student knows that there is a relationship  

between force, motion, and energy. The student is expected to: 

(A) demonstrate and calculate how unbalanced forces change the speed or 

direction of an object's motion; 

(B) differentiate between speed, velocity, and acceleration; and investigate 

and describe applications of Newton's law of inertia, law of force and 

acceleration, and law of action-reaction such as in vehicle restraints, 

sports activities, amusement park rides, Earth's tectonic activities, and 

rocket launches
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