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Abstract 

The number of college students choosing to major in science, technology, engineering, 

and math (STEM) in the United States affects the size and quality of the American 

workforce (Winters, 2009).  The number of graduates in these academic fields has been 

on the decline in the United States since the 1960s, which, according to Lips and McNeil 

(2009), has resulted in a diminished ability of the United States to compete in science and 

engineering on the world stage. The purpose of this research was to learn why students 

chose a STEM major and determine what decision criteria influenced this decision.  

According to Ajzen’s (1991) theory of planned behavior (TPB), the key components of 

decision-making can be quantified and used as predictors of behavior.  In this study the 

STEM majors’ decision criteria were compared between different institution types (two-

year, public four-year, and private four-year), and between demographic groups (age and 

sex).  Career, grade, intrinsic, self-efficacy, and self-determination were reported as 

motivational factors by a majority of science majors participating in this study.  Few 

students reported being influenced by friends and family when deciding to major in 

science.  Science students overwhelmingly attributed the desire to solve meaningful 

problems as central to their decision to major in science.  A majority of students surveyed 

credited a teacher for influencing their desire to pursue science as a college major.  This 

new information about the motivational construct of the studied group of science majors 

can be applied to the previously stated problem of not enough STEM majors in the 

American higher education system to provide workers required to fill the demand of a 

globally STEM-competitive United States (National Academy of Sciences, National 

Academy of Engineering, & Institute of Medicine, 2010) 
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Chapter One: Introduction 

 

 In 1957, the Soviet Union launched a tiny satellite named Sputnik into orbit 

around the Earth and surpassed the United States in the race to space (Peoples, 2008).  In 

response to this event, the National Defense Education Act (NDEA) was passed in 1958 

providing funding for improvement of American science and math education (Drew, 

2011).  Since that time, numerous science curriculum reform efforts have been launched 

(Bybee & McInerney, 1995).  In the 1960s, new math focused on elementary schools’ 

reform of mathematics education (Bybee & McInerney, 1995).  In the 1980s, the National 

Science Foundation distributed grants focused on middle schools, and in the 1990s,  the 

American Association for the Advancement of Science (AAAS) created benchmarks for 

scientific literacy (Bybee & McInerney, 1995).  Summarizing this 30-year timeline, 

Bybee and McInerney (1995) commented: 

By early 1990’s, more than 300 reports admonished those within the educational 

system to reform science education.  Depending on the group publishing the 

report, the recommendations for education programs emphasized issues, such as 

updated scientific and technologic knowledge, application of contemporary 

learning theory and teaching strategies, improved approaches to achieve equity, 

and better preparation of citizens for the workplace. (p. 1) 

 Today, efforts to improve and expand America’s scientific competencies continue 

in the form of a comprehensive approach that reaches into the combined areas of science, 

technology, engineering, and math, which are now commonly referred to using the 

collective acronym STEM.  In 2006, the American Competitiveness Initiative was 

created to improve America’s global economic competitiveness by increasing funding for 
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STEM education areas (Kuenzi, 2008).  That same year, the United States National 

Academies announced actions which should be taken by government to increase the 

United States’ competitiveness in the 21st century (President’s Council of Advisors on 

Science and Technolgy, 2011).  One of those recommended actions was to enlarge the 

population of students prepared to enter college and graduate with STEM degrees (Ewell, 

Jones, & Kelly, 2003).  

The number of college students choosing to major in science, technology, 

engineering, and math in the United States affects the size and quality of the American 

workforce (Winters, 2009).  The number of graduates in these academic fields has been 

declining in the United States since the 1960s, which, according to Lips and McNeil 

(2009), has resulted in a diminished ability for the United States to maintain 

competitiveness in science and engineering on the world stage.  Currently, there is a 

focused national effort to increase the number and quality of STEM graduates in the 

United States (National Economic Council [NEC], Council of Economic Advisers 

[CEA], & Office of Science and Technology Policy [OSTP], 2011).  Several studies 

focused on increasing the educational quality in STEM fields have been conducted, 

which primarily examined classroom methods and curricular content in the areas of 

STEM (Bryce, 2010; Gentile et al., 2010; Jenkins, 2011).  While these studies were 

designed to explore aspects of these programs, they did not specifically address 

mechanisms for increasing the numbers of students choosing to major in STEM 

education. 

 The choice students make when choosing a college major will impact their 

development while they are in college and affect their job prospects after graduation 
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(United States Bureau of Labor and Statistics, 2014).  While this is an important decision, 

research has shown many students are tentative and uncertain about the academic 

planning decisions they have made (Titley & Titley, 1980).  Studies have demonstrated 

students use factors, such as aptitude, interest, and job availability while deciding on their 

college major (Kalevitch et al., 2012; Malgwi, Howe, & Burnaby, 2005; Tan & Laswad, 

2009).  However, these studies have not specifically addressed student decision making 

processes as they relate to STEM major selection.   

David Drew (2011), who wrote, Stem the Tide: Reforming Science, Technology, 

Engineering and Math Education in America, posited solving the STEM education 

participation problem will require looking for students in new places.  Drew (2011) 

explained many potential students are discouraged from participating in STEM academic 

fields due to poor self-concept, which has been cultivated by teachers and society as a 

whole.  Drew (2011) concluded, “millions of people are erroneously discouraged from 

studying mathematics and science because of false assumptions about who has the ability 

to master these subjects” (p. 4).  The data provided by this research added to the current 

body of knowledge by exploring science students’ self-concept that could lead to 

strategies focused on increasing the number of students entering STEM majors.  

Background of the Study 

 In 2010, the United States produced less than 15% of all STEM students 

worldwide, down from 50% in 1960 (Hong & Shull, 2010).  The United States currently 

ranks 21st in ninth grade science literacy, with Finland, Hong-Kong, Japan, New 

Zealand, Canada, Estonia, Australia, Netherlands, and Taiwan take the top ten spots 

(Program for International Student Assessment, 2011).  Atkinson and Mayo (2010) stated 
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“the United States is consistently not able to produce enough of its own STEM workers 

in key fields” (p. 6).  According to the survey findings, STEM students often cited poor 

teaching and the lack of supportive faculty as reasons for not continuing their chosen 

field of study (Hong & Shull, 2010). To improve education in STEM fields, educators 

must focus on both preparation and inspiration of students (President’s Council of 

Advisors on Science and Technology, 2012).   

Hong and Shull (2010) further noted faculty can often be perceived by students as 

either a significant source of support or the root of their frustrations.  Frustrations may 

lead to low retention rates among STEM majors.  The role faculty play in student 

learning, motivation, and retention cannot be over-emphasized.  Students make a decision 

regarding their major subject choice during the first class they take in that subject area 

(Malgwi, Howe, & Burnaby, 2005).  The data from this study should lead researchers to 

question whether introductory STEM courses may deter prospective majors due to their 

breadth, rigor, and instruction style. 

Conceptual Framework 

 The conceptual framework of this study utilized the theory of planned behavior 

(TPB) as its guide.  According to Ajzen (1991), the TPB identifies three major constructs 

of behavior: attitudes, subjective norm, and perceived behavioral control.  The choice the 

student makes is the end result of a series of factors employed by the student to reach a 

decision (Ajzen, 1991).  Rational decision-making follows a path or process from 

problem to solution.  Tan and Laswad (2009) applied the TPB developed by Ajzen 

(1991) to student choice of academic major.  Tan and Laswad (2009) concluded:   
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Generating student interest in a subject area during their first year is also an 

important determinant as it has an impact on change of major.  Stimulating 

students’ interest in accounting starting from their first year of study may perhaps 

sway them to consider accounting as their major. (p. 251)   

Science majors all share a common behavior, namely, deciding to major in science.  

However, the degree to which science majors use each of the three TPB constructs is 

unknown (Ajzen, 1991).  Identifying the decision-making criteria most commonly used 

within this science major population and the various combinations of criteria used to 

arrive at the conclusion to major in science is needed.   

By applying constructs of TPB, the possibility exists to learn their impact on 

students declaring science their major (Tan & Laswad, 2009).  Studying student 

characteristics may provide the information necessary to grow the science major 

population.  Increasing the number of science majors would increase the pool from which 

more graduates could emerge.  The results of this study would be used to cultivate those 

characteristics in students who have not yet declared a major, or are undecided in their 

major choice.   

 Ajzen (1991) found the three components of the TPB can be good predictors of 

behavior, as intentions are a construct of attitudes, subjective norm, and perceived 

behavior control.  Ajzen (1991) emphasized.  “It is no longer very meaningful to ask 

whether attitudes and personality traits predict behavior – they clearly do” (p. 143).  If the 

dimensions and depth of each of the TPB constructs can be identified within the science 

major population, then it is possible subpopulations, such as science majors at different 

institution types, could be compared and analyzed for differences between predominant 
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motivational types and sources of motivation.  The path leading a student to pursue a 

science major may be different for students attending community college when compared 

to students attending a four-year institution or students attending private institutions.  

Knowing these components of decision-making for each institution type could lead to 

more effective institution-specific targeting efforts for increased science participation.   

Statement of the Problem  

 Atkinson and Mayo (2010) pointed out the United States is consistently not able 

to produce enough of its own STEM workers in key fields.  Employment in STEM fields 

was recognized in 2007 as being important to the United States’ economic growth and 

competitiveness (United States Department of Labor [DOL], 2007).  That same year, the 

STEM Workforce Challenge Report summarized the problem by stating:  “American pre-

eminence in STEM will not be secured or extended without concerted effort and 

investment” (DOL, 2007, p. 1).  The National Science Foundation report,  Preparing the 

Next Generation of STEM Innovators: Identifying and Developing Our Nation’s Capital,  

articulated that  scientific and technological innovations have become increasingly 

important in the 21st century as the United States pursues the challenge and reward of a 

knowledge-based economy (National Science Board [NSB], 2010).  Success in this 

evolving information-based, technologically advanced society will require students to 

enhance their capabilities in STEM areas beyond what was, in the past, considered 

acceptable (NSB, 2012). 

 A report by the National Economic Council, the Council of Economic Advisers, 

and the Office of Science and Technology Policy (NEC, CEA, & OSTP, 2011) predicted 

America’s future economic growth and competitiveness largely depends on skills 
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developed in STEM educational fields.  The report called for improvement in the results 

of American science education (NEC, CEA, & OSTP, 2011).  In order to improve STEM 

education, educators in the United States must focus on both preparation and inspiration 

(President's Council of Advisors on Science and Technology, 2012).   

As stated previously, since the 1960s, American leaders have been reiterating the 

importance of having a larger, stronger STEM trained workforce (Atkinson & Mayo, 

2010; DOL, 2007; National Economic Council et al., 2011; NSB, 2012).  The reasons for 

this focus on STEM have ranged from national defense, to the economic importance of 

global competition, and most recently to encourage industry innovations in sustainable 

energy (National Economic Council et al., 2011).   

Building a STEM workforce requires a STEM education pipeline which starts 

with students deciding to major in a STEM field (Carnevale, Smith, & Melton, 2011).  

Students make college major choice decisions based in part on experiences they have 

with faculty representing STEM teaching areas (Hong & Shull, 2010).  Hong and Shull 

(2010) summarized faculty can often be perceived by students as significant sources of 

support, or the root of their frustrations, and was one of the factors students attributed as a 

reason for not continuing in their chosen major.  The degree to which science majors base 

their decisions on other factors is not well-represented in the literature (Hong & Shull, 

2010).  Tan and Laswad (2009) only examined the decision-making processes of 

accounting majors and categorized those decisions into three categories based on the TPB 

(Ajzen, 1991).   
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Purpose of the Study 

 The purpose of this research study was to learn why students choose a STEM 

major and to determine what decision criteria influenced this decision.  According to 

Ajzen’s (1991) TPB, the key components of decision-making can be quantified and used 

as predictors of behavior.  The STEM majors’ decision criteria were compared between 

different institution types (two-year, four-year, and private four-year), and between 

demographic groups (age and sex.) Analysis of this research provides insight into the 

decision-making process students employ as it relates to the selection of an academic 

major in a STEM field.  While the TPB has been used to study student major choice, it 

has not been used to specifically study STEM related areas.  Knowing, understanding, 

and addressing TPB factors could possibly lead to a change in how instructors approach 

students. which, in turn, could impact the number of students declaring a STEM area 

academic major in the United States.  

 The quality of education is the focus of most of the STEM improvement efforts 

(Ewell et al., 2003).  While these efforts focus on improving existing curriculum and 

pedagogy, more attention could be focused on increasing the number of students entering 

STEM majors (Ewell et al., 2003).  Students entering STEM majors in higher numbers 

could have a far greater impact on the STEM workforce than educational efficiency and 

quality efforts alone (Bretell & Ault, 2010). 

 Research questions. This research proposed to provide answers to the following 

questions:   

1. What motivation factors are most likely to be reported by students in pursuit of a 

STEM major? 
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2. What differences exist, if any, in the types of motivation factors reported by 

STEM students as disaggregated by the types of higher education institutions they 

attend?  

3. What differences exist, if any, in the types of motivation factors reported by 

STEM students as disaggregated by age and sex? 

Definitions of Key Terms   

 The following terms were provided: 

Higher education.  A term identified by Ewell et al. (2003) in relation to the 

STEM pipeline as a transition from high school, identifying dual credit and open 

enrollment two-year institutions as critical steps. 

Integrated STEM.  Linking STEM concepts together in education rather than 

separating concepts into traditional subject areas (Gallant, 2010). 

Mentoring.  Budny, Paul, and Newborg (2010) defined mentoring specific to 

STEM improvement as providing support to students during academic transitions, 

thereby aiding student retention. 

Pedagogy.  Atkinson and Mayo (2010) identified pedagogy as the needed area of 

focus for STEM improvement.  Atkinson and Mayo (2010) specifically emphasized 

project-based pedagogy as an improvement to traditional lecture-based pedagogy. 

Pipeline.  A term used in education to describe the process by which students 

enter education, how they are educated, and the degree or employment attained and is 

conceptually outlined by Ewell et al. (2003). 
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STEM.  An acronym for science, technology, engineering, and math educational 

subject areas identified by the National Science Board (2010) for improvement to achieve 

a competitive American workforce. 

Theory of Planned Behavior (TPB).  Ajzen’s (1991) theory suggests decision-

making is a result of a person’s attitudes, subjective norms, and perceived behavioral 

control. 

Workforce.  Summarized by Metcalf (2010) as the conceptual end result of the 

STEM pipeline. 

Limitations and Assumptions 

 The following limitations and assumptions were identified in this study: 

 Sample demographics.  Study participants were declared science majors at two-

year, four-year, and private four-year institutions in southwest Missouri. The participants 

represented the economic and social environment of a limited geographic area.  The 

participants were identified because they were enrolled in courses as a part of a biology 

degree program offered by the participating institution.  It was assumed the population 

was only representative of the aforementioned geographic area and the associated 

diversity, economic, and social constructs. 

 Instrument.  The questionnaire was a limitation due to wording and phrasing 

considerations which could have varying effects on study participants.  Every effort was 

made to ensure the wording and phrasing of the survey questions would not influence the 

free response of the study participants.   

Summary 

 STEM employment fields require a specifically trained, highly skilled and 

creative workforce ( President’s Council of Advisors on Science and Technolgy, 2011).  
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The educational system in the United States produces this workforce, but analysis shows 

an improvement and expansion of the STEM workforce is needed in the United States to 

supply the growing demand (DOL, 2007).  Modern global competition in STEM 

employment fields has fueled the pressure for a greater American participation in 

scientific innovation and technological advances (Atkinson & Mayo, 2010).  As a result, 

higher education in STEM areas is increasingly the focus for improvement (Lloyd & 

Eckhardt, 2010).  Higher education, as a whole, needs to produce more STEM graduates 

better prepared to compete globally for American STEM preeminence (President’s 

Council of Advisors on Science and Technology, 2012).  

 This research was designed to focus on the decision-making processes students 

employ when deciding on STEM academic majors.  Understanding the reasons why 

students choose to major in a STEM field could be instrumental in providing the insight 

needed to cultivate a larger participation in these educational areas.  A reasonable result 

of increased participation in STEM education would be an increase in the number of 

graduates available to fill United States STEM jobs. 

 In Chapter Two, a brief history of the United States’ STEM efforts is described 

followed by descriptions of the areas of focus for STEM improvement.  Student 

recruitment and retention are explored by examining mentorship, faculty engagement, 

and the development of new students.  Educational pedagogies in STEM are identified 

and compared in Chapter Two.  Finally, Chapter Two relates the educational pipeline, 

higher education attainment, and immigration to the STEM workforce in America. 
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Chapter Two: Review of Literature 

As a world leader, the United States has an interest in competing in the realm of 

world-wide innovation (DOL, 2007).  Areas currently considered pertinent to this 

innovation are those of science, technology, engineering, and math (STEM) occupational 

fields (Atkinson & Mayo, 2010).  Leading innovation in STEM areas has been on the 

United States’ agenda since the 1960s when Russia won the race to space with the 

success of the Sputnik satellite (Peoples, 2008).   Hindsight apparently revealed the 

United States had not devoted enough educational resources aimed at developing 

America’s youth in the academic STEM areas (Peoples, 2008). 

  According to Toulmin and Groome (2007), in order to combat developing 

national security implications, and to bolster identified deficiencies in the education 

system, government agencies, businesses, and private groups put forth reports and 

initiatives aimed at increasing American student participation in STEM educational areas.  

By focusing on  factors contributing to national educational excellence in the STEM 

fields, the United States can at least retain, and at most improve, its world rank in 

innovation, global competitiveness and national security (DOL, 2007).   

The number of students choosing a college major in STEM affects the size and 

quality of the workforce in the United States (Winters, 2009).  The number of graduates 

in these academic fields has been on the decline in the United States since the 1960s, 

which, according to Lips and McNeil (2009), results in the United States possessing a 

diminished ability to compete in science and engineering on the world stage.  Improving 

STEM education requires educators to focus on both the preparation and inspiration of 

students (President’s Council of Advisors on Science and Technology, 2012).  Placing 
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emphasis on encouraging students through innovative teaching and engaging content 

could impact student retention, especially in introductory STEM coursework (Atkinson & 

Mayo, 2010).  Currently, there is a focused national effort to increase the number and 

quality of STEM graduates in the United States (NEC et al., 2011).  Several studies, 

focused on increasing educational quality in STEM areas, have been conducted which 

primarily examine classroom methods and curricular content in the areas of STEM 

(Bryce, 2010; Gentile, et al., 2010; Jenkins, 2011).  While these educational pedagogies 

were designed to explore educational effectiveness, they did not specifically address a 

mechanism for recruiting and increasing the numbers of students choosing to major in 

STEM education.   

A review of the literature pertaining to STEM revealed three major areas of 

current research emphasis and will be discussed in detail under the following headings: 

recruitment and retention, educational pedagogies, and workforce requirements. In the 

areas of recruitment and retention, the role faculty play in student retention and an 

overview of faculty characteristics that may improve student success in STEM fields are 

explored.  In the STEM educational pedagogies section of this chapter, STEM 

educational pedagogies will be reviewed highlighting integrated and non-integrated 

STEM educational ideologies. In the third and final segment, STEM workforce 

requirements, the educational pipeline leading to employment, emphasizing workforce 

demands and the need for higher education attainment, are examined.   

Recruitment and Retention 

The decisions regarding a career students make when choosing a college major 

will impact their educational experience while they are in college and affect their job 
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prospects after graduation (United States Bureau of Labor and Statistics, 2014).  While 

this is an important decision, research has shown many students are tentative and 

uncertain about the academic planning decisions they have made (Titley & Titley, 1980).   

A variety of factors are considered by students when deciding on their academic major 

(Tan & Laswad, 2009).  Porter and Umbach (2006) found students of the same major 

usually share common political views and personality traits.  Whether these views and 

traits were developed after the student’s major choice, or were present prior to the major 

choice was not studied.  However, Porter and Umbach (2006) posited uniformity of 

personality types and political views within major groups could be the result of a 

coalescing of the ideas and attitudes within a group over time, or a result of non-

conforming students who dropped out or changed their major.  

 Bretrell and Ault (2010) have observed popular culture to be an influence on 

student major choice when they noticed a correlation between student decisions and 

careers often depicted in popular motion pictures and television programs.  The 

conclusion could be made that with the benefit of career counseling, a student may 

choose a college major through a more informed process (Bretell & Ault, 2010).  Bretell 

and Ault (2010) further clarified, “In the end, few students ever explore the hundreds of 

career options available to them.  Instead, many choose from the few careers with which 

they are familiar or from information they glean from movies, television, or other media” 

(p. 5).  Bretell and Ault (2010) also found students frequently state they would be more 

likely to continue with their college education if they were more informed and confident 

about their major choice.  Faculty focusing on content specific problem solving in 

introductory level coursework may help students develop links between their education 
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and the applicability of their education to future employment requirements (Gasiewski, 

Eagan, Garcia, Hurtado, & Chang, 2012).   

Students may be predisposed to choose a particular major based on their own 

unique qualities (Bretell & Ault, 2010; Titley & Titley, 1980).  Tan and Laswad (2009) 

found students’ perceptions of their own skills, aptitude, interest, and job availability 

were important factors when deciding on a college major.  While some students may rely 

on advice of parents, teachers, and friends when deciding on a major (Tan & Laswad, 

2009).  A classroom experience designed to instill confidence in students may contribute 

to an eventual increase in retention among students in STEM educational areas 

(Carnevale et al., 2011).     

Tan and Laswad (2009) noted there are several factors that play a role in some 

students’ major choice decision and concluded a student’s major choice is influenced by 

his or her own beliefs and attitudes; the influence of an important mentor; and by 

attentive, engaged teachers.  The facilitative role faculty play in student learning and 

motivation in science cannot be over-emphasized.  Solinas, Masia, Maida, and Muresu, 

(2012) summarized, “an important role is represented by the ability of the teacher to 

maintain the students’ attention and to provide encouragement and advice” (p. 40).   

Drew (2011) explained many potential students are discouraged from 

participating in STEM academic fields due to poor self-concept, which has been 

cultivated by teachers and society as a whole.  Students’ attitudes affecting their major 

choice decision are developed early in the students’ college career, even during their first 

year (Tan & Laswad, 2009).  Malgwi et al. (2005) found students make a decision 

regarding their major subject choice during the first class they take in that subject area.  
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Osborne, Simmons, and Collins (2003) described traditional introductory science courses 

as follows:  

 The courses focused on problem-solving techniques, and lacked an intellectual 

overview of the subject; there were too many ‘how much’ questions, not enough 

discussion of ‘how’ or ‘why;’ pedagogy was condescending and patronizing, 

examinations were not challenging; there was no community or discussion and 

the atmosphere was competitive.  Furthermore, they raise substantial questions 

about why the pedagogy of some science teachers is so unappealing to the 

majority of students, suggesting that, while science teachers may be 

knowledgeable about their subject, they are failing to achieve their primary task 

of establishing a range of varied learning opportunities and communicating their 

subject effectively. (p. 1068) 

By examining the interaction between instructors and students in introductory science 

courses, it may be possible to improve student retention, while simultaneously improving 

subject matter delivery.  Linking classroom activities to real-world, subject specific 

problems may prevent students withdrawing due to their questioning the applicability and 

usefulness of the information to which they are being exposed to in the educational 

environment (Gasiewski et al., 2012). 

Instructors as mentors.  The findings of Osborn et al. (2003) regarding student 

engagement highlight the important role effective teachers play in gauging student 

comprehension through a purposeful, planned teaching strategy to encourage and retain 

students.  A balance must be reached when hiring teachers, between professional STEM 
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know-how and the ability to inspire students to learn (National Research Council, 2007; 

President’s Council of Advisors on Science and Technology, 2012). 

Hong and Shull (2010) discovered students often cited poor teaching and the lack 

of supportive faculty as reasons for STEM students not continuing their chosen field of 

study, and further ascertained faculty can often be perceived by students as significant 

sources of support or sources of their frustrations, which in reality may lead to low 

retention rates among STEM majors.  These findings should lead researchers to question 

whether introductory STEM courses may deter prospective majors due to their breadth, 

rigor, and instruction style.  Drew (2011) concluded, “millions of people are erroneously 

discouraged from studying mathematics and science because of false assumptions about 

who has the ability to master these subjects” (p. 4). 

Tobias (1990) identified the group of students that drop out of science coursework 

as the second tier. These students do not respond well to traditional science instruction 

methods and might otherwise have stayed in the science pipeline.  Jane Fraser, an 

engineering professor who was cited in Tobias (1990), communicated her frustration in 

knowing many potential students are choosing not to pursue engineering because they are 

discouraged by the early courses in the sequence.  Fraser further stated she never gets the 

chance to introduce those students the engaging real-world engineering subject matter (as 

cited in Tobias, 1990).  

 A change in introductory coursework could provide better insight and 

encouragement to students interested in professions in STEM fields.  Students often 

choose their major early in their college career when they are taking introductory courses 

that have relatively high dropout rates.  Introductory courses are often evaluated based on 
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mastery of material not entirely indicative of the skills needed in the workplace (Drew, 

2011; Malgwi et al., 2005; Osborne, Simon, & Collins, 2003; Tobias, 1990). 

 As previously stated, the choice a student makes when deciding on an academic 

major is the result of factors employed by the student to reach a decision (Drew, 2011; 

Tan & Laswad, 2009; Tobias, 1990).  Tan and Laswad (2009) applied the TPB developed 

by Ajzen (1991) to student choice of academic major.  Tan and Laswad (2009) also 

highlighted the importance of first-year coursework to students deciding on an academic 

major.  Focusing specifically on stimulating student interest in early coursework can 

impact the choice of academic major by reducing the number of students choosing to 

change their major due to becoming disengaged during introductory courses (Tan & 

Laswad, 2009). 

According to Ajzen (1991), the TPB identifies attitudes, subjective norms, and 

perceived behavioral control as the major constructs of behavior.  Ajzen (1991) 

determined behavior can be predicted with considerable accuracy from intentions which 

are a construct of the three components of the TPB.  Osborne et al. (2003) contended 

attitudes are a measure of a subject’s preferences and feelings about an object and are not 

necessarily related to behaviors.  

Due to the large number of constructs making up an individual’s attitude, singling 

out attitude as a measurable, testable component of decision-making is problematic 

(Osborne et al., 2003).  Attitudes can change frequently, especially among college 

freshmen (Budny, Paul, & Newborg, 2010).  Osborne et al. (2003) emphasized the 

importance of recognizing the difference between attitudes towards science and attitudes 

towards school science.  Osborne et al. (2003) validated Ajzen’s (1991) inclusion of 
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subjective norms as important for science decisions, as support from peers can be a 

strong determinant of student choice.  Tan and Laswad (2009) explained that subjective 

norms are an individual’s perception of the social pressure he or she feels, and perceived 

behavioral control is a non-motivational construct to the extent that people are realistic 

about their ability to perform a task. 

 Students’ attitudes towards science can be learned through the use of a survey 

designed to ascertain which decision-making behavior construct the student relies upon 

most heavily (Ajzen, 1991; Glynn, Brickman, Armstrong, & Taasoobshirazi, 2011).  

Several authors have surveyed students to identify student characteristics and learning 

outcomes within the STEM fields of study.  Adams et al. (2006) studied the impact of 

teaching styles on the likelihood of students becoming physics majors and differences in 

learning styles of male and female physics majors.  The survey by Adams et al. (2006) 

provided data supporting the idea that classroom instruction specifically aimed at 

addressing students’ beliefs in physics improved student retention.   

 McConnell et al. (2006) examined teaching and testing methods between major 

and non-major geosciences courses and found frequent testing of basic concepts 

increased student retention, student interest, and enhanced student achievement.  

McConnell et al. (2006) related teaching to achievement: “Underlying improved teaching 

is a desire to enhance student comprehension, thereby promoting a scientifically literate 

society” (p. 62).  The studies by Adams et al. (2006) and McConnell et al. (2006) used 

surveys in one form or another to extract information about a student population that 

could be used to grow or improve some aspect of a STEM discipline. 

 



SCIENCE STUDENT MAJOR CHOICE CRITERIA  20 
 

 
 

Desired faculty characteristics.  The Higher Learning Commission (HLC) 

(2013) requires all college instructors to be appropriately credentialed, current in their 

discipline, and adept in their teaching role.  Faculty create the curricular pathways 

through which students gain needed competencies and skills (HLC, 2013).  Faculty 

teaching at higher education organizations should have completed a degree with 

substantial coursework above the level being taught (HLC, 2013).  Community colleges 

generally translate this coursework requirement to indicate faculty should have a master’s 

degree or higher to teach general education courses and substantial coursework in the 

discipline of those courses.  

Atkinson and Mayo (2010) identified faculty qualifications as a mix of knowledge 

and experience that will benefit students.  By defining qualifications in terms of 

knowledge and experience,  Atkinson and Mayo (2010) simply acknowledged some 

people may be qualified to teach in areas of their professional documented expertise 

without holding a degree in that area.  It is important to note technical, career education 

accrediting bodies place an emphasis on industry certifications and documented 

recognition when defining experience as a requirement for qualified faculty (HLC, 2013).  

Having experience in a discipline is not the same has having tested teaching experience, 

according to Atkinson and Mayo (2010).   

The HLC’s (2013) language suggests the experience is included to accommodate 

the wide variety of technical programs offered at colleges, which are not typically 

advanced degree subject areas, such as welding, construction, and other industrial trades.  

While there may also be instances where the tested experience may apply to allied health, 

HLC (2013) does specifically mention master’s degree for general education subjects.  
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According to Atkinson and Mayo (2010), talented teachers, not necessarily formal 

credentials, will lead to improved student learning. 

 Teaching has been identified as the espoused value driving the hiring process for 

full-time community college faculty (Green & Ciez-Volz, 2010).  One researcher 

determined real teaching is what community colleges do, and student learning is the goal 

(Twombly, 2005).  While four-year institutions are generally research focused, 

community colleges are oriented to teaching a wide variety of students, and therefore, 

must employ faculty as teachers and not researchers (Twombly, 2005).  Emphasizing 

teaching places the student’s learning first, and as a result, the opinions of the student 

become a part of the equation determining teaching effectiveness (Gasiewski et al., 

2012).   

 Effective community college teachers possess qualities to positively affect student 

learning across a wide variety and diversity of community college students (HLC, 2013).  

Twombly (2005) identified the following faculty qualities as specifically relevant to the 

community college: the ability to communicate knowledge in a meaningful and engaging 

manner; enthusiasm for teaching; respectfulness of diverse peoples and views; warmth, 

openness, and accessibility for students; creative; flexible; caring and empathetic; 

humorous; cooperative and collegial; encouraging; and motivational.  While many 

education professionals may agree these qualities are desirable, such descriptors are not 

always included in written job descriptions.   

 Additionally, it may not be appropriate to include all these criteria in a job 

description, since these characteristics can be examined in an interview and through 

reference checks (Clement, 2008).  Once the qualities desired in a faculty applicant are 
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determined, there is evidence to suggest these qualities can be specifically examined 

through thoughtful interview planning (Green & Ciez-Volz, 2010).  Clement (2008) 

wrote in, Improving Teacher Selection with Behavior-based Interviewing, that past 

behavior is the best predictor of future performance, and asking interview questions 

requiring the interviewees to speak about things they have done can be a useful tool.  

This self-reporting approach is in contrast to the typical interview scenario leading with, 

what would you do if, or, tell me about yourself (Clement, 2008).   

Teaching in community colleges requires skills to address the myriad challenges 

facing students (Gnage & Drumm, 2010).  Community college teaching challenges are 

often far beyond what a university professor faces (Gnage & Drumm, 2010).  Finding 

faculty who fit with the community college mission should also be addressed during the 

interview and hiring process (Green & Ciez-Volz, 2010).  While a hiring process may 

lead to a faculty member who is competent in his or her discipline, it doesn’t always lead 

to a faculty passionate and engaged in student learning.   

Community colleges, on occasion, turn to student surveys to ascertain elements of 

faculty teaching qualities that are difficult to assess using conventional methods (Lloyd & 

Eckhardt, 2010).  Due to the increasing amount of credibility placed on student surveys, 

several researchers have tried to quantify the thought processes students employ to reach 

their conclusions on faculty evaluations (Green & Ciez-Volz, 2010; Lloyd & Eckhardt, 

2010; Pietrzak, Duncan, & Korcuska, 2008).  Pietrzak et al. (2008) examined the relative 

importance of four attributes of decision-making for student evaluation of teaching 

effectiveness: perceived knowledge base of the professor, professor’s delivery style, 

course organization, and course workload.  The criteria used by students varied greatly 
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overall, and knowledge base and delivery style were rated as twice as important as 

organization and course workload (Pietrzak et al., 2008).   

The opinion and thought process of the student is valuable information to consider 

when evaluating and hiring teachers, and when combined with other teacher qualities and 

performance indicators, it can lead to an improvement in new faculty selections (Green & 

Ciez-Volz, 2010; Twombly, 2005).  It is important to note the Pietrzak et al. (2008) was 

more interested in how students decide about the effectiveness of teachers, not the ways 

in which teachers are effective. All student surveys are not designed to evaluate teaching 

effectiveness, or even student perception of teaching effectiveness (Gasiewski et al., 

2012).  While some surveys are designed to provide feedback to the faculty member, 

other are meant to inform future students during the registration process (Fowler, 2009).  

The purpose of the survey should be well-understood by faculty, administrators, and 

students alike.   

 Faculty have been described previously as both the backbone and the Achilles 

heel of a community college (Hong & Shull, 2010).  Hong and Shull (2010) noted faculty 

can be often perceived by students as significant sources of support, or the root of their 

frustrations, and further contended this was one of the reasons for low retention rates in 

science, technology, engineering, and math.  It is estimated the United States will 

produce less than 15% of all STEM students, down from 50% in 1960 (Hong & Shull, 

2010).   

 In an effort to increase STEM student retention, student surveys have been 

conducted (Hong & Shull, 2010; Lavin, Carr, & Davies, 2009).  Researchers found 

students often cited poor teaching and the lack of supportive faculty as reasons for not 
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continuing their chosen field of study (Hong & Shull, 2010).  While students may 

describe faculty in informal terms, such as nice, rude, or cool, the sentiment conveyed 

should be taken seriously, as these faculty attributes will determine the success or failure 

of some students reaching their academic goals (Lavin et al., 2009).   Hong and Shull 

(2010) recommended educators to at least understand the impact the faculty have on 

students and to recognize students do benefit from the energy and enthusiasm of their 

faculty. 

 Student perceptions of the quality of their faculty are highly influenced by 

observations made on the very first day of class (Jenkins, 2011).  The first day of class is 

when students are forming opinions and making judgments, fair or otherwise, about their 

teacher (Jenkins, 2011).  Things as simple as a faculty member’s attire can influence 

student opinion before any words are spoken (Lavin et al., 2009).   

 In a 2009 study, Lavin et al. showed a group of students photographs of a male 

professor dressed in business, business-casual, and casual attire, and the students then 

answered 17 questions about their impressions of the faculty member.  In general, the 

students had a higher opinion of the more professionally attired faculty and perceived the 

person in the photograph as being more knowledgeable, better prepared, and a more 

effective teacher (Lavin et al., 2009).  However, the students also perceived the more 

casual dressed faculty to be more approachable and  open to discussion, as well as 

probably more able to apply problems to real world scenarios (Lavin et al., 2009).   

Solinas et al. (2012) emphasized the ability of the professor to encourage and 

maintain the interest of the student was an important factor in student retention.  In the 

Lavin et al. (2009) study, it is important to understand student opinions and perceptions 
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had very little to do with actual teaching effectiveness, as the experiment dealt with 

hypothetical faculty and student perceptions of photographs.  Student perceptions of their 

teachers attire, while limited in its applicability to teaching ability, does provide 

information about the judgments made by classroom students. 

 Recognizing the importance of good teaching is not limited to the United States 

(Hvistendahl, 2009).  Hvistendahl (2009) noted China is not only infusing millions of 

dollars into research, but Chinese educators are reinventing their undergraduate curricula 

to inspire creative thinking.  China’s leaders have recognized in order to educate world-

class students and compete with the United States, educators in China would have to re-

invent their education system (Hvistendahl, 2009).  China has invested nearly 6% of its 

annual budget in higher education and has risen to second in the world in biomedical 

research publication (Hvistendahl, 2009; National Academy of Sciences et al., 2010).  

 China’s education officials are trying to emulate the American education mode, 

which provides a broad educational base for mainstream students, rather than trying to 

identify specialized skills early in the educational process (Hvistendahl, 2009).  To do 

this, China’s education officials are trying to attract American university professors to 

teach in their system (Hvistendahl, 2009).  American university professors are adept at 

getting research dollars that may improve China’s higher education system (Hvistendahl, 

2009).  China has recognized while a faculty focused on research may bring in the 

research dollars, a faculty inspiring creativity in the students will likely lead to the 

student learning outcomes they are seeking to achieve (Hvistendahl, 2009). 

 Undeveloped majors.  A prominent subject represented in the STEM major 

growth portion of the literature deals with how to attract women and minorities to STEM 
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fields.  Women fill nearly half of all the jobs in America, but only 25% of the STEM jobs 

(Beede, Julian, & Langdon, 2011).  Milgram (2011) highlighted the importance of 

recruiting female students into STEM majors by focusing on answering the question:  

Why is it important to have more women in STEM?  

The limited number of women in leadership roles within STEM education is a 

missed opportunity for both women and education (Milgram, 2011).  Milgram (2011) 

explained increasing the numbers of women choosing STEM education as students could 

greatly affect the quality and breadth of the problem solving characteristics of the STEM 

workforce.  Milgram (2011) expressed how women bring a different perspective that 

shapes and influences STEM disciplines:  

Having more women in the picture will not only help women themselves, it will 

also help society benefit from their expertise whether it's ensuring women are 

included in clinical trials for medical re-search or developing a prosthetic knee 

that works better for women.  We are all enriched when women fully contribute to 

science and technology.  (p. 5)   

The U.S. Commission on Civil Rights (2010) stated that recruiting women into 

STEM educational fields is only part of the solution to increasing women in STEM 

careers.  Since the pool of qualified STEM aspirants is relatively small compared to other 

fields, limited resources would be better spent on increasing the size of the pool by 

focusing on skill building within pre-STEM programs targeting women (U.S. 

Commission on Civil Rights, 2010). 

Outreach programs have been effective tools for promoting STEM careers to 

women entering higher education (Milgram, 2011).  A program to place marine science 
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majors in contact with the public at aquariums to improve scientific information 

communications has helped students entering the workforce in their field of study 

(Halversen & Tran, 2010).  Peer mentoring programs for freshman engineering students 

have helped reduce the dropout rate at the University of Pittsburg (Budny et al., 2010).  

Electronic media enhancements grants from the National Science Foundation have been 

identified as necessary in directing student-teacher interaction at schools around the 

country (National Science Board, 2010).  Research Experiences for Undergraduates 

(REU) programs have been shown to be effective mechanisms to recruit undergraduate 

students into the sciences and also to retain them, especially underrepresented students 

(Gibson & Bruno, 2012).  These specific, focused outreach programs succeed by 

supplying motivational and practical tools to students and teachers to achieve an 

academic or career impacting result (Budny et al., 2010; Gibson & Bruno, 2012; 

Halversen & Tran, 2010; Milgram, 2011). 

Due to the underrepresentation of certain demographic groups in STEM education 

and careers, it can be deduced that members of these demographic groups have decided 

not to major in STEM areas (Gasiewski et al., 2012; NEC et al., 2011; NRC, 2007).  

Ajzen (1991) attempted to explain this decision through the TPB: 

Those who believe that they have neither the means nor the opportunities to 

perform a certain behavior are unlikely to form strong behavioral intentions to 

engage in it, even if they hold favorable attitudes toward the behavior and believe 

important individuals would approve of their performing such behavior. (p. 134) 

Researchers conclude women and minorities have not chosen STEM education, 

not due to a lack of interest, but rather from the lack of role models to which they can 



SCIENCE STUDENT MAJOR CHOICE CRITERIA  28 
 

 
 

identify with and be mentored by (Lips & McNeill, 2009; Page, Bailey, & Delinder, 

2009).   In a 2009 outreach effort by California Institute of Technology and City College 

of San Francisco’s Computer Networking and Information Technology (CNIT) program, 

an increase of female student participation by 12% was recorded the first year and again 

by 15% the second year of the initiative (Milgram, 2011). 

A student choosing to major in a STEM academic area and a student choosing not 

to major in a STEM academic area are both applying, to varying degrees, the three 

constructs of the TPB (Ajzen, 1991; Tan & Laswad, 2009).  Referents have been shown 

to influence students’ major choice decisions, especially among women and minorities 

(Toulmin & Groome, 2007).  Programs and initiatives designed to increase STEM area 

involvement and retention have proven effective possibly, in part, due to the referents 

provided to the student from the program or initiative.  When students deciding on a 

college academic major are lacking informational sources for any of the constructs of the 

TPB, programs and initiatives targeting these students can act as a referent surrogate 

(Ajzen, 1991; Tan & Laswad, 2009).  Since most programs and initiatives are subject, or 

at least area specific, participants’ decision-making tools could be enhanced allowing the 

student to make more informed academic major-related decisions.  Science, technology, 

engineering, and math specific programs and initiatives have shown to increase 

participation in STEM academic areas by supplementing a student’s decision-making 

tools with positive, encouraging STEM referents (NEC et al., 2011). 

STEM Educational Pedagogies 

 Gallant (2010) summarized the importance of integrated STEM coursework and 

maintaining qualified, inspirational teachers by relating the need for a well-prepared 

workforce to the preparatory and inspirational role parents, teachers, and policy makers 
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play in advancing the STEM curricular environment.  Gallant (2007) emphasized the end 

result of an effective integrated program could be increasing student content knowledge, 

thus improving achievement in mathematics and science.  A key component of Gallant’s 

(2010) assertion is the specificity of the teachers’ role in creating student motivation.   

 Student motivation created by the teacher could be maintained, and persist into 

the workforce, by applying an effective STEM-specific pedagogy (Gasiewski et al., 

2012).  Sanders (2009) stated that integrated STEM pedagogy is a specific application of 

educational practices that are intended to engage students and promote scientific inquiry 

by design.  A robust learning environment, according to Sanders (2009), is one that 

engages students and groups of students in problem solving and student-initiated 

scientific inquiry.  Sanders (2009) admitted a skepticism when reading or hearing STEM 

used to imply something new and different in educational practices.  Upon closer 

inspection, many of the STEM-labeled programs and/or initiatives are in no way 

integrated and continue to approach education from the traditional separated subject 

matter structure (Sanders, 2009).   

Traditional science and math curricula have produced some of the top scientists 

and mathematicians around the world, but an integrative approach could produce a larger 

number.  The concern is too many young students are dropping out of these traditional 

rigorous programs (Atkinson & Mayo, 2010; Lips & McNeill, 2009; National Academy 

of Sciences et al., 2010).  The integrated  approach to STEM is intended to attract and 

retain students who otherwise would have left the STEM fields all-together (Sanders, 

2009).  The need for a change in the way educators approach students in these courses is 

the result of the social and technological realities of the current generation of students 
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(Gallant, 2010).  Gallant (2010) observed the technological age of video games, 

smartphones, and instant messaging is creating a culture of students familiar with 

constant stimuli and innate engagement within digital environments.   

The traditional lecture and note-taking system for mathematics and science 

instruction may not continue to be an effective educational process in the modern era 

with the expanded use of digital resources (National Science Board, 2010).  Capturing the 

interest of math and science students in elementary and secondary schools will require 

the embrace of classroom technology by teachers who know how to use it (Gallant, 

2010).  Significant advances have been made in the modern classroom in concerted 

efforts to get the attention and focus of students on presented material.  However, 

“Enrichment is extremely valuable, particularly to inspire interest in STEM, but 

insufficient by itself” (National Science Board, 2010, p. 17).  

While fiscal constraints often slow the modernization of more classrooms, other 

initiatives can be just as effective: mentoring, internships, and after-school programs can 

engage students to a higher degree in STEM areas (Gallant, 2010).  The initiatives 

referred to by Gallant (2010) can be applied to integrated and traditional STEM education 

alike.  Traditional education in the separate components of STEM may be enhanced by 

creating connections between independently taught subjects (Williams, 2011).  Williams 

(2011) suggested STEM discipline interaction could be achieved through encouraged 

cross-training of teachers, and argued true integration is unlikely to be achieved due to 

rigid class schedules, curriculum structure, and classroom design.  A more reasonable 

alternative to STEM integration could be the development of cross-curricular links and 

maintaining the integrity of each subject separately (Williams, 2011).  Gentile et al. 
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(2010) found students enrolled in integrated programs are likely to take more math, 

science, and computer courses their junior and senior years, and emphasized these 

students were likely to participate in research, and make connection between subject 

areas earlier in their education. 

Gasiewski et al. (2012) linked high attrition rates in STEM classes to several 

factors, including a prevalence of large lecture courses and an apparent lack of an 

engaging teaching pedagogy.  Gasiewski’s et al. (2012) study surveyed 2,873 students in 

73 introductory science, technology, engineering, and math courses at 15 colleges and 

universities.  The findings indicated students are more engaged in classes where  

instructors regularly and often demonstrated a clear openness to student questions and 

recognized their role with helping students succeed (Gasiewski et al., 2012).   

There is an established link between supportive, encouraging instruction, and 

student satisfaction (Solinas et al., 2012).  Students who reported feeling comfortable 

asking questions, seeking tutoring, attending supplemental instruction sessions, and 

collaborating with other students were more likely to be engaged in the class (Gasiewski 

et al., 2012).  Student engagement can be increased in traditional classrooms in STEM 

fields (Gasiewski et al., 2012).  Active learning, web-based pedagogy, and 

collaborative/cooperative learning are areas Gasiewski et al. (2012) reported as 

supportive of creating increased student engagement in traditional classrooms.  

 Student engagement can also be achieved through collaborations between science 

researchers and science educators (Campbell, Der, Wolf, Packenham, & Abd-hamid, 

2012).  An analysis of a 2012 study by Campbell et al. showed collaboration between 

science educators and genetics researchers resulted in measurable positive changes in 
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how the course was taught, while gains were made in student engagement in the scientific 

inquiry process. Gallant (2010) noted increased student engagement through deliberate 

STEM integration has several documented benefits and further posited, “the benefits of 

developing and implementing an integrated curriculum include (a) students are able to 

connect concepts across discipline, (b) students are more motivated to learn, and (c) 

students score higher on standardized mathematics and science tests” (p. 5).   

While a good portion of the literature on STEM issues implies a degree of 

integration between single subject coursework, the result of integration initiatives provide 

meaningful insights on pedagogies applicable to non-integrated student learning 

environments as well.  Gallant (2007) summarized the challenges to overcome in the 

integrated approach by identifying the need for more teacher collaboration, improving 

classroom scheduling, and improving teachers’ classroom management skills.  Gentile et 

al. (2010) found a key missing evaluative measure was the communication between first- 

and second-year teachers about the preparedness of the entering students, then using this 

information to ensure the first year classes are better prepared.   

Both Gallant (2007) and Gentil et al. (2010) identified problems and challenge 

areas in integrated programs common to traditional non-integrated coursework and 

documented the varying degree to which instructors of integrated science programs differ 

in opinion regarding the effectiveness of student learning in these environments.  

Coalescing a faculty around any single pedagogy is problematic.  A 2009 study by 

Dickman, Schwabe, Schmidt, and Henken analyzing the effectiveness of an integrated 

STEM program, concluded the primary challenge was maintaining a focus on critical 

thinking and problem solving.  Dickman et al. (2009) further expanded their conclusion 
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by raising the question of teacher credentials for integrated STEM courses.  Finding 

teachers knowledgeable in the subject matter and also possessing the ability to effectively 

promote student performance in the areas of critical thinking and problem solving may 

also be a challenge in non-integrated classes.  Finally, Osborne et al. (2007) surveyed 

integrated STEM results and offered the critique that students would benefit from more 

practical applications and discussion time in the integrated courses.  The parallels of the 

challenges of integrated STEM courses and traditional, non-integrated courses may be 

similarly apparent to educators from both realms. 

STEM Workforce 

Studies show the American STEM workforce demands a greater number of 

qualified graduates than the educational system is producing (NSB, 2012).  As a result of 

this workforce demand, the higher educational system in the United States is under 

pressure to produce more qualified STEM graduates (The President’s Council of 

Advisors on Science and Technology, 2012).  Carnevale et al. (2011) divided science, 

technology, engineering, and math occupations include five major subgroups:  (a) 

computer occupations; (b) mathematical science occupations; (c) architects, surveyors, 

and technicians; (d) engineers and engineering technicians; and (e) life and physical 

science occupations.  Carnevale et al. (2011) projected a 17% growth in these fields by 

2018.  This high rate of growth for STEM occupations in the future will only be 

surpassed by healthcare occupations (Carnevale et al., 2011).  The DOL (2007) identified 

the importance of growth in STEM fields as vital to United States economic growth and 

competitiveness.  Long-term strategies developed for increasing worker standards of 

living and greater opportunity require public, private, and not-for-profit coordination 
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(DOL, 2007).  The size and quality of the American workforce is directly affected by the 

number of college students choosing to major in science, technology, engineering, and 

math. (Winters, 2009).  Lips and McNeil (2009) warned that the declining number of 

graduates in STEM academic fields will result in a diminished ability of the United States 

to compete globally.  

Educational pipeline.  Efforts to invigorate United States STEM competitiveness 

generally focus on the pipeline model supplying STEM educated talent to the workforce 

(Ewell et al., 2003).  The positive effects economic factors play in attracting an educated 

workforce are important, but the educational system is the key component for sustained 

progress towards workforce improvement (Ewell et al., 2003).  Kuenzi (2008), in a report 

to Congress, frequently referred to expanding the pipeline when summarizing the United 

States government’s role in STEM advancement.   

Critics of this model expressed concern that more attention should be given to the 

demand component and less to the supply side of workforce needs (Metcalf, 2010).  

Metcalf (2010) identified the universal acceptance of the pipeline model while 

emphasizing the workforce importance as a catalyst for increasing education attainment 

from a demand perspective.  Metcalf (2010) contended the data upon which many STEM 

initiatives rely may be improved by inclusion of factors that better represent the 

complexities of a workforce in flux: 

As economic and national investment in STEM continues to grow, even in a time 

of proclaimed economic crisis, it is particularly important to take a critical eye to 

the assumptions, values, and limitations of the pipeline model and its manner of 

understanding educational pathways. (p. 15) 
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Researchers have identified specific instances where the pipeline educational 

model seems to effectively characterize a STEM workforce shortage (Carnevale, Smith, 

& Strohl, 2010).  Carnevale et al. (2011) reported, “Siemens has reported 3,200 open but 

seemingly un-fillable jobs, and in Michigan, Nexteer Automotive is looking for 100 

engineers, but is having a hard time finding qualified workers” (p. 16).  While several 

researchers and government reports list labor statistics to validate their prediction of a 

STEM worker shortage, other researchers deemphasize the magnitude of the anticipated 

shortage (Carnevale & Smith, 2011; Dickman et al., 2009; Metcalf, 2010).  Dickman et 

al. (2009) contended workforce opportunities create a demand for well-prepared STEM 

students, while emphasizing the importance of not overlooking the effect a large supply 

of graduates has on the creation of new, innovative technologies, and products.  Both the 

workforce demand and the STEM graduate supply should be considered when analyzing 

the interrelated effects one has on the other (Metcalf, 2010). 

A complete analysis of the educational pipeline may require the acknowledgment 

of the complexities of global economics, and the intricacies of the education-workforce 

relationship.  Metcalf (2010) cautioned grouping fields and people together within the 

STEM designation “has a tendency to homogenize and oversimplify the complex ways 

that people learn, work, and identify themselves” (p. 9).  Carnevale et al. (2011) 

contended some of the debate surrounding the STEM supply and demand issues can be 

explained by examining the desire for STEM skills throughout the economy.  

Occupations other than STEM occupations are diverting STEM workers out of 

the pipeline, creating a workforce deficit (Carnevale et al., 2011).  The critical thinking 

and problem solving skills possessed by STEM graduates are valuable to employers 
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outside the STEM occupational area (Carnevale et al., 2011).  Additionally, graduates 

uninspired to seek employment in their degree field could have resulted from a 

disenchantment of the student as to their ability to solve meaningful problems (Foster, 

2010).   

Educational pedagogies emphasizing student inspiration and confidence could 

limit the number of students seeking employment outside the STEM area (Carnevale et 

al., 2011).  While this phenomenon may account for the abundance of STEM graduates 

per STEM vacancies argument, the reality still exists that more STEM graduates are 

needed to replace those siphoned off to other occupational areas.  A failing economy and 

lowered standards of living are possible outcomes if the United States does not invest in 

high quality, knowledge-intensive jobs leading to innovative enterprises, discovery and 

new technology fields (NRC, 2007).  Acknowledging the importance of maintaining a 

high STEM proficiency, the literature presents a range of educational focus areas to 

address the real, or perceived, American STEM deficiencies.  

Higher education attainment.  Carnevale et al. (2011) provided a specific 

regional study on the challenges facing the STEM workforce in midwestern United 

States.  As a result of the economic downturn of 2007, many low and middle income 

workers lost jobs in farming and manufacturing (Carnevale & Smith, 2011). These jobs 

are not expected to return, and are expected to be replaced by jobs in STEM occupations 

(Kuenzi, 2008; National Academy of Sciences et al., 2010)  Carnevale et al. (2011) 

explained the STEM jobs of the future, in the midwest United States specifically, “will 

require a higher level of education attainment than was required by the pre-recession 

workforce” (p. 6).  These workforce requirement findings are synchronous with national 
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trends (NEC et al., 2011).  More jobs nation-wide are requiring some form of higher 

education (Carnevale et al., 2010).  The need for a more highly educated workforce is 

also prerequisite for the innovation desired for global competition (Carnevale et al., 

2011).  Atkinson and Mayo (2010) explained:   

Just as we would be unable to expand industry if we lacked the natural resource 

materials to build the factories (e.g., cement), or energy to power the plants, we 

cannot expand our technology economy without the needed human resources, in 

this case high-quality STEM graduates. (p. 22) 

 Educational attainment rates have been aligned with technological innovation 

around the globe (National Academy of Sciences et al., 2010).  The Organization for 

Economic Cooperation and Development (OECD) is a group of 30 countries joined in an 

effort to increase the quality of life of their citizens (National Academy of Sciences et al., 

2010).  In 2011, the United States was ranked 9th among OECD countries in the 

percentage of young people obtaining a college degree.  Tapping America’s Potential 

(TAP) (2008) established a goal of doubling the number of STEM graduates with 

bachelor’s degrees from 2005 to 2015.  This group of American business leaders, in 

2005, formed to raise awareness on the importance of the United States government’s 

role in supporting innovation.   

 In 2008, TAP reported the United States was “gaining momentum, but losing 

ground” (p. 1). and expressed concern for America’s competitive future by relating 

government support to business innovation around the world.  The TAP (2008) progress 

report communicated the frustration coming from America’s business leaders: “while 

governments around the world are building their national innovation capacity through 
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investments in research and STEM education, the United States is standing still.  Failure 

to change [this] status quo places America’s future economic and technological 

leadership at risk” (p. 2).   

 During this time, the United States Congress passed the America Creating 

Opportunities to Meaningfully Promote Excellence in Technology, Education, and 

Science (COMPETES) Act, which addressed many of the concerns expressed by TAP in 

2005 (Kuenzi, 2008).  The America COMPETES Act was a significant step towards 

enhancing the United States innovation capacity, if properly funded (TAP, 2008).  

Tapping America’s Potential (2008) recommended the U. S. government should follow-

through with the America COMPETES Act by funding basic university research, funding 

STEM education programs, enacting immigration reforms to attract foreign-born 

professionals into the United States, and encourage state, local, and private-sector 

initiatives. 

Immigration. The American economy and workforce have been greatly 

enhanced by professionals who were foreign-born and immigrating to the United States 

(NRC, 2007).  For example, “One-quarter of all companies founded in these sectors 

[engineering and technology-related industries nationwide] from 1995-2005 had at least 

one immigrant key founder; and these firms contribute substantially both to job and 

wealth creation in the… [United States]” (Wadhwa, Saxenian, Rissing, & Gereffi, 2008, 

p. 13).  Kuenzi (2008) raised concerns regarding the number of degrees awarded to 

foreign students, as compared to those awarded to United States citizens.  Kuenzi (2008) 

reported over half of the engineering degrees awarded in the United States are earned by 

foreign students, and while most of these students remain in the United States workforce 
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after graduation, these students still represent foreign expertise.  Kuenzi (2008) further 

noted: 

The increased presence of foreign students in graduate science and engineering 

programs and in the scientific workforce has been and continues to be of concern 

to some in the scientific community. Enrollment of U.S. citizens in graduate 

science and engineering programs has not kept pace with that of foreign students 

in these programs. (p.15) 

Increased American participation in STEM occupations through higher education 

attainment is a priority for the United States government, educators, and business leaders 

(Kuenzi, 2008; NRC, 2007; TAP, 2008).  Instilling confidence in potential STEM 

students attending introductory coursework by linking workplace-related problems and 

skills developed in the classroom could reduce student major choice uncertainty. 

 Despite the United States government’s efforts to improve America’s STEM 

proficiencies, measurable improvement has not been achieved on a wide scale.  

Government expenditures on STEM related initiatives totaled approximately 3 billion 

dollars in 2004 and remained at that amount in 2007 (National Science Board, 2010).  

The effectiveness of programs funded was examined in 2007 with the U.S. Department of 

Education’s report of the Academic Competitiveness Council (ACC).  The U. S. 

Department of Education pointed out: “After a review of the [STEM education] examples 

submitted, the ACC concluded that ‘there is a general dearth of evidence of effective 

practices and activities in STEM education’” (U.S. Department of Education, 2007, p. 3).  

Faculty considering innovative teaching approaches and inspirational classroom activities 
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could be encouraged that their efforts may contribute to STEM education improvement to 

solve problems that have yet to be identified.  

Summary 

 Leading innovation in STEM areas has been on the United States’ agenda since 

the 1960s when Russia won the space race with the Sputnik satellite (Peoples, 2008).  By 

focusing on factors contributing to national educational excellence in STEM fields, the 

United States can retain and improve its world rank in innovation, competitiveness, and 

security (DOL, 2007).  Improving STEM education will require a focus on both 

preparation and inspiration of students (President’s Council of Advisors on Science and 

Technology, 2012).  A focused national effort to increase the number and quality of 

STEM graduates in the United States has been ongoing in the United States (NEC et al., 

2011).   

Inspiring and engaging students in the classroom may increase student confidence 

in their choice of academic major and eventual career decisions.  Bretell and Ault (2010) 

found students frequently state they would be more likely to continue with their college 

education if they were more informed and confident about their choice of academic 

major.  Students may be predisposed to choose a particular academic major based on 

their own unique qualities (Tan & Laswad, 2009).  Tan and Laswad (2009) found 

students’ perceptions of their own skills are an important factor when students decide on 

a college major.  Students use factors such as aptitude, interest, and job availability while 

deciding on their college major (Porter & Umbach, 2006).   

The role faculty play in student learning, motivation, and retention in science 

cannot be over-emphasized.  Several authors have used surveys to learn student 
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characteristics and learning outcomes within the STEM fields of study (Adams et al., 

2006; Atkinson & Mayo, 2010).  Adams et al. (2006) studied two aspects of STEM 

education; the impact of teaching styles on the likelihood of students becoming physics 

majors and difference in learning styles of male and female physics majors.  Atkinson 

and Mayo (2010) determined faculty qualifications should be composed of a mix of 

knowledge and experience that will benefit students.  A student choosing to major in a 

STEM academic area and a student choosing not to major in a STEM academic area are 

both applying, to varying degrees, the three constructs of the TPB (Ajzen, 1991; Tan & 

Laswad, 2009).   

Classroom teachers and mentors have been shown to influence students’ major 

choice decisions, especially among female students and students from traditionally 

underserved ethnicities (Toulmin & Groome, 2007).  Researchers conclude females and 

from traditionally underserved ethnicities have not chosen STEM education, not due to a 

lack of interest, but rather from the lack of role models to which they can identify with 

and be mentored by (Lips & McNeill, 2009; Page et al., 2009).  Increasing the number of 

mentors among women and minorities could, in turn, increase participation of women 

and minorities as students in STEM educational fields (United States Commission on 

Civil Rights, 2010). 

While traditional science and math curricula have produced some of the top 

scientists and mathematicians around the world, an integrative approach could produce a 

larger number of qualified graduates (Sanders, 2009).  Too many young students are 

dropping out of these traditional rigorous programs (Sanders, 2009).  The integrated  

approach to STEM is intended to attract and retain those students who otherwise would 
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have left the STEM fields (Sanders, 2009).  While fiscal constraints often slow the 

modernization of classrooms, other initiatives, such as mentoring, internships, and after-

school programs,  can be just as effective at engaging students to a higher degree in 

STEM areas (Gallant, 2010).   

Studies show the current American STEM workforce demands a greater number 

of qualified graduates than the educational system is producing (National Science Board, 

2010).  The number of graduates in these academic fields has been on the decline in the 

United States since the 1960s, which, according to Lips and McNeil (2009), has resulted 

in a diminished ability of the United States to compete in science and engineering on the 

world stage.  Despite the United States government efforts to improve America’s STEM 

proficiencies, measurable improvement has not been achieved on a wide scale.   

The chapters that follow will present the study-specific details pertaining to 

research design, methodology, population and sample, collection, and analysis of data.  

Chapter Three will describe the methodology utilized for this study.  Chapter Four will 

describe the type of data obtained during this study and present an analysis of the data.  

Chapter Five summarizes findings and presents conclusions relevant to the research 

questions of this study.  Chapter Five will also provide a discussion of the findings as 

they relate to problems and challenges identified in Chapter Two. 
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Chapter Three: Methodology 

 The United States relies on its education system to produce workers in the areas 

of science, technology, engineering and math (STEM) in order to compete globally 

(Atkinson & Mayo, 2010).  Studies show the current American STEM workforce 

demands a greater number of qualified graduates than the educational system is 

producing (National Science Board, 2010).  As a result of this workforce demand, the 

higher educational system in the United States is under pressure to produce more 

qualified STEM graduates (The President’s Council of Advisors on Science and 

Technology, 2012).   

 The number of STEM graduates currently produced by American higher 

education institutions, as measured by degree completion, can be seen as result of a series 

of decisions made by STEM degree seeking students (Kalevitch et al., 2012).  This study 

proposed to survey the decision-making criteria science students use, and the 

motivational sources reported by these students when deciding to pursue a science major.  

Knowing and understanding these decision-making criteria and motivational sources of 

STEM degree seeking students could lead to the development of initiatives aimed at 

increasing the number of students completing STEM degrees at American higher 

education institutions (Tan & Laswad, 2009). 

Problem and Purpose Overview  

 It was estimated in 2010 the United States would produce less than 15% of all 

science, technology, engineering and math (STEM) students worldwide (Hong & Shull, 

2010).  This represents a significant decrease from the 50% the United States produced in 

1960 (Hong & Shull, 2010).  The United States has consistently shown it is unable to 

produce enough of its own STEM workers in key fields (Atkinson & Mayo, 2010).  
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Surveys found students often cited poor instruction and the lack of supportive faculty as 

reasons for STEM students not continuing their chosen field of study (Hong & Shull 

2010). To improve STEM education and increase student participation in STEM areas, 

higher educational institutions must focus on both preparation and inspiration of students 

(President’s Council of Advisors on Science and Technology, 2012).  The faculty role in 

motivating students and maximizing student learning is critically important.   Faculty can 

often be perceived by students as significant sources of support or the root of their 

frustrations (Hong & Shull 2010).  According to a study conducted by Malgwi et al., 

(2005) college students decide on their academic major during their first major class.  

Introductory courses in all disciplines have been shown to be obstacles to student 

persistence and degree completion (Zeidenberg, Jenkins, & Scott, 2012).  Introductory 

STEM courses, in particular, may deter prospective majors due to their breadth and rigor 

(National Science Board, 2010).   

 The purpose of this research study was to gain insight into the decision-making 

processes students employ as they relate to the selection of an academic major in science, 

technology, engineering, or math (STEM.)  Knowing, understanding, and addressing 

these factors could possibly lead to changes in how instructors approach students which 

could result in an increase in the number of students declaring a STEM area academic 

major in the United States. 

Research questions.  This research proposed to provide answers to the following  

questions:   

1. What motivation factors are most likely to be reported by college students in 

pursuit of a STEM major? 
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2. What differences exist, if any, in the types of motivation factors reported by 

STEM students as disaggregated by the types of higher education institutions 

they attend? 

3. What differences exist, if any in the types of motivation factors reported by 

STEM students as disaggregated by age and sex? 

Research Design  

 This study employed a quantitative approach to obtain results to answer the 

research questions.  Quantitative approaches allow results to be expressed in measurable, 

numerical terms (Creswell, 2009).  It was the intention of the researcher to obtain data 

describing decision-making and motivational variables within the identified sample 

population.   This research study was designed to provide descriptive data through the use 

of a survey instrument.  Surveys can effectively describe aspects of a population’s 

opinions, attitudes, and beliefs (Fraenkel, Wallen, & Hyun, 2009).   

 A qualitative component to this research was considered during the preliminary 

design phase, but was ultimately ruled out based on a review of the literature, projected 

data needs, and the desire to effectively communicate findings to STEM faculty.  

Research conducted in STEM fields relies on empirical evidence to guide decisions, 

articulate ideas, and communicate findings (Creswell, 2009).  The STEM subject matter 

presented in this research was intended to be impactful to the STEM educational field 

comprised primarily of individuals trained in these empirical methodologies (Bluman, 

2009).  Creswell (2009) explained the assumptions made in empirical science are more 

appropriately investigated with quantitative research than qualitative research.  

Furthermore, the President's Council of Advisors on Science and Technology (2012) 
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identified the need for empirically validated teaching practices in STEM educational 

areas. 

Population and Sample 

 The population of this study was students majoring in biology who attended 

higher education institutions in the Midwest.  The schools were selected based on their 

location, size, science degree offerings, and their status as a public, private, two-year, and 

four-year institution.  The sample was generated and divided into cluster samples 

(Bluman, 2009). This quantitative approach was appropriate because the participants 

were divided into groups based on the type of institution they attend (Bluman, 2009).  

Creswell (2009) noted cluster sampling employs multi-stage sampling by first selecting 

the institution of a specific type, then identifying the participants to which surveys will be 

distributed.  The total population will be representative of students from all four 

institution types.  Steps were incorporated into the study to avoid any influences affecting 

the participant’s willingness to take part in the study (Fowler, 2009).   

Instrumentation  

 The data collection tool utilized for this study was a survey.  The quantitative 

survey method of data collection was utilized in order to produce numerical descriptions 

of the study population needed to answer the research questions (Fowler, 2009).  A 

survey which uses a five-point scale was used to obtain data for the study (Glynn et al., 

2011).  The purpose of the survey was to collect data which can be generalized from a 

sample to a population, so that inferences can be made about the characteristics, attitudes, 

and behaviors of this population.  The questionnaire utilized, with permission, was the  

Science Motivation Questionnaire II (SMQII) © 2011 by Shawn M. Glynn (see 

Appendix A).  This questionnaire has been validated for use in research investigating the 
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motivation of science students and includes specific criteria students may contemplate 

when deciding on an academic major (Glynn et al., 2011).  Survey questions conform to 

the student motivation and perceived success framework by limiting their scope to those 

criteria identified as constructs of Ajzen’s (1991) Theory of Planned Behavior (TPB).  It 

was anticipated students would find the range of response options appropriate to the topic 

questions being asked.  Malgwi et al. (2005) determined students cite identifiable factors 

in their major selection decision-making process.  Demographic data on each participant 

were also collected to provide a framework for the data analysis. 

 The SMQII consists of a 25-item questionnaire (Glynn et al., 2011).  In order to 

learn attributes of the sample population which are outside the realm of the questionnaire 

developed by Glynn et al. (2011), six questions were included as an addendum to the 

survey by the researcher, for a total of 31 questions.  To preserve validity of the SMQII, 

the additional five questions were treated as a separate, stand-alone survey during 

analysis.  It was estimated based on the length of the questionnaire, and the amount of 

input requested by the participants, that the questionnaire would require approximately15 

minutes to complete.  The questions were based on specific identifiers associated with 

how college students select their academic major (Glynn et al., 2011).   

 The SMQII identifies five factors associated with science student major selection:  

intrinsic motivation, career motivation, self-determination, self-efficacy, and grade 

motivation (Glynn et al., 2011).  The questions added by the researcher addressed a 

student’s motivational source.  Each question was answered with a selection from a five-

point scale.  The scale limited participant responses across a range enabling the 

researcher to comparably discern student motivational factors (Fowler, 2009). The 
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limited scaled response options assisted the researcher in identifying and analyzing trends 

in the sample results.  Conclusions were reached based on an analysis of data, and the 

statistical estimates made from those data (Fowler, 2009).   

 The SMQII was converted to a digital format to allow for online data collection.  

Glynn et al. (2011) give permission to educators who wish to use the questionnaire for 

research and teaching provided they comply with the fair use of this copyrighted and 

registered work. The SMQII was used in its entirety.  The additional six questions 

focusing on source of motivation represented an area in which the researcher desired 

more information.     

Data Collection  

 Prior to sampling, the SMQII and the additional researcher-created questions were 

tested by a three-person review committee.  Committee members were chosen from 

biology faculty and education administrators who would not participate in the actual 

study.  Committee member selection was partially based on the potential member’s 

professional role and associated knowledge of issues in science, technology, engineering, 

math, teaching, and enrollment trends in higher education.  Upon finalization by the 

committee, the SMQII and the researcher’s additional questions were field-tested on 

students not participating in the study to ensure consistent and meaningful data were 

gained during the sampling phase of this study.   

Approval of this research study by the Lindenwood University Institutional 

Review Board was obtained (see Appendix B) and letters requesting permission to access 

participants were sent to selected schools (see Appendix C).  The survey distribution 

process was initiated after the researcher received written permission from the schools.  

The survey was administered using an internet-based survey tool accessed through 
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Kwiksurveys.com.  A link to the survey was e-mailed to the instructors at each of the 

schools representing the cluster to be sampled. The contact person then distributed the 

link to the questionnaire to all potential participants.   

Information about the participant was asked in the beginning of the survey 

instrument followed by the questions.  Each question was followed by a scaled response 

section based on a five-point  scale.  Information was available to the participant 

regarding the identity of the researcher, the purpose of the research, and contact 

information for the researcher.  After analysis was complete, all data gathered from the 

surveys were stored digitally in a password-protected file on an external computer hard-

drive and stored in a safe deposit box for a period of three years starting from the date on 

which the survey was distributed.  These security measures were used to protect the 

participant’ privacy and ensure the confidentiality of the responses (Fink, 2013). 

Data Analysis  

 Completed survey results were downloaded from the survey web site and the data 

were imported into an Excel file for descriptive analysis.  Two types of data were 

analyzed in this study; ordinal data and interval data.   

 Ordinal data analysis.  According to Bluman (2009), ordinal scale data is 

defined as data that can be expressed in ranked groups; “however precise differences 

between the ranks do not exist” (p. 8).  The central tendency of ordinal data is most 

accurately represented by the median or mode (Boone & Boone, 2012).  Summarizing 

ordinal scale data by calculating the statistical mean is inappropriate as it would lead to 

result which could fall at increments between actual survey choices, rendering the result 

meaningless. The purpose of the ordinal data collected in this survey was to discern 

trends in a student’s type and source of motivation when deciding on science as an 



SCIENCE STUDENT MAJOR CHOICE CRITERIA  50 
 

 
 

academic major.  Students selected their response to these questions from the choices by 

completing the sentence, I majored in science because.  For each of the six sentence 

completions provided in the survey, the student ranked the source of motivation by 

choosing one of the following qualifiers: strongly disagree, disagree, neutral, agree, or 

strongly agree.  These responses were converted to ranked values; 1 for strongly 

disagree, to 5 for strongly agree.  In this study, responses of agree and strongly agree 

were considered positive responses for the specific motivational source, while responses 

of disagree and strongly disagree were considered negative responses.   

 Interval data analysis.  When the responses to several questions are grouped 

together for analysis, they may be considered interval data that can appropriately be 

described with the central tendency statistic of a mean, or average (Boone & Boone, 

2012).  In this study, the responses to the five researcher-generated survey questions 

designed to inquire about student motivation type were averaged, which resulted in a 

composite score for each motivation type.  Composite scores were averaged for groups of 

students for the purpose of comparing those groups (e.g. school type, age and sex). 

 Analysis of the data from this study included a percentage comparison of the five 

possible responses to each question.  Observable differences between responses recorded 

for a question allowed the researcher to ascertain whether the subject of the question 

influenced the student (positive response) or did not influence the student (negative 

response).  As noted before, this study adopted the composite approach characterized by 

Glynn et al. (2011) to analyze student response to five motivational factors:  intrinsic 

motivation, grade motivation, career motivation, self-efficacy, and self-determination.  

 The survey consists of five questions for each of the motivation types, for a total 
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of 25 questions.  Each question required a response from a five-point scale.  The students 

selected from never, rarely, sometimes, usually, and always to rank given responses to 

the statement; When I am in a college science course.  These responses were converted to 

numerical values, one for never, to five for always, to analyze the data generated.  

Student responses for each of the five questions within a motivational group were 

averaged to generate a composite score used to characterize that student’s overall 

response to those questions as a group.    

 Frequency tables were used to compare results of the survey between each school.  

Frequency tables summarize data by tabulating how often values occur within a data set 

(Bluman, 2009).  Survey result comparisons between institutions allowed the researcher 

to discern factors affecting one school’s students’ major choice decisions from those of 

another school.  Participants’ survey data were then examined to determine the source 

and type of motivation the participants used when deciding to major in science. 

Summary  

This research utilized a survey to collect information about what factors led 

students to decide on biology as their academic major.  Quantitative data were gained 

through the use of a survey with a five-point scaled response.  The data obtained 

extended the understanding of the factors utilized by students when deciding on a major.  

The assumptions made in empirical science are appropriately investigated with 

quantitative research due to the identified need for empirically validated teaching 

practices in STEM educational areas (Creswell, 2009; The President’s Council of 

Advisors on Science and Technology, 2012).  Ultimately, the goal of this research was to 

provide the data necessary for the development of initiatives that increase the number of 

students majoring in STEM academic areas.   
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Chapter Four provides an overview of the problem and purpose, a review of the 

instrumentation and data collection, and a detailed analysis of the data.  The data analysis 

section presents the findings for each research question.  These findings are further 

disaggregated by institution type and by the demographics of the participants.   
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Chapter Four: Analysis of Data 

 Science, technology, engineering, and math (STEM) have been identified as 

educational areas in need of improvement (Atkinson & Mayo, 2010; DOL, 2007; 

National Academy of Sciences, National Academy of Engineers, & Institute of Medicine, 

2011; President’s Council of Advisors on Science and Technology, 2012).  The 

improvement desired would contribute an elevation in status for the United States in the 

area of STEM workforce readiness (Atkinson & Mayo, 2010; DOL, 2007; Toulmin & 

Groome, 2007).  As discussed in Chapter Two, studies have shown STEM deficits in the 

American workforce (DOL, 2007; Metcalf, 2010; National Academy of Sciences et al., 

2011; United States Commission on Civil Rights, 2010).  Solutions to workforce deficits 

often focus on the education system that supplies capable STEM graduates prepared to 

enter the workforce (DOL, 2007; Ewell et al., 2003; Metcalf, 2010; President’s Council 

of Advisors on Science and Technology, 2012).   

 Within education, specific areas are identified in the literature as impactful to 

STEM improvement.  Recruitment and retention of students choosing STEM majors have 

been identified as areas that, if improved, could address a portion of the workforce supply 

concerns (Lloyd & Eckhardt, 2010).  Educational pedagogies in STEM areas could be 

impactful on student learning which, in turn, may positively impact identified STEM 

workforce readiness concerns (Campbell et al., 2012; McConnell et al., 2006; Osborne et 

al., 2003).  The STEM workforce in America can be considered a product of the quality, 

quantity, and composition of those graduating from American educational institutions 

with STEM degrees (Drew, 2011; National Academy of Sciences et al., 2010).  In this 

chapter, the motivational factors influencing student STEM major choice, as reported by 
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respondents to this study’s survey, will be examined.  Findings for each research question 

will be presented and discussed. 

Problem and Purpose Overview 

Employment in STEM fields is becoming increasingly important to the United 

States’ economic growth and competitiveness (DOL, 2007).  The United States is 

consistently not able to produce enough of its own STEM workers in key fields (Atkinson 

& Mayo, 2010).  The STEM Workforce Challenge Report of the DOL (2007) summarized 

the problem by stating, “American pre-eminence in STEM will not be secured or 

extended without concerted effort and investment.” (p. 1)  The National Science Board 

report, Preparing the Next Generation of STEM Innovators: Identifying and Developing 

our Nation’s Capital (2010) stated: 

 We cannot assume that our Nation’s most talented students will succeed on their 

own. Instead, we must offer coordinated, proactive, sustained formal and informal 

interventions to develop their abilities. Students should learn at a pace, depth, and 

breadth commensurate with their talents and interests and in a fashion that elicits 

engagement, intellectual curiosity, and creative problem solving—essential skills 

for future innovation. (p. 2) 

 A report by the NEC et al. (2011) predicted that America’s future economic 

growth and competitiveness will largely depend on skills developed in STEM educational 

fields.  This report calls for an improvement in the quality and quantity of American 

science education graduates (NEC et al., 2011).  To improve STEM education, educators 

must focus on both preparation and inspiration of students in STEM academic field (The 

President's Council of Advisors on Science and Technology, 2012).   
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 As stated previously, American leaders have been repeatedly calling for a larger, 

stronger STEM trained workforce since the 1960s  (NRC, 2007).  The reasons cited for 

STEM improvement efforts have ranged from national defense, to the economic impact 

of global competitiveness, and the desire for industry innovations in sustainable energy 

(Atkinson & Mayo, 2010; President’s Council of Advisors on Science and Technology, 

2012).  Improving the American workforce requires STEM education that starts with 

students deciding to major in a STEM field.   

 Hong and Shull (2010) reported students make major choice decisions based in 

part on experiences they have with faculty teaching in STEM areas.  Hong and Shull 

(2010) noted faculty can be perceived as significant sources of student support or the root 

of their frustrations, and were reasons for low retention rates of STEM students.  The 

degree science majors base their decisions on, factors other than teaching, is not well-

represented in the literature.  Tan and Laswad (2009) examined the decision-making 

processes of accounting majors and categorized those decisions into three categories 

based on Ajzen’s (1991) TPB.  

The purpose of this research was to learn why students choose a STEM major and 

to determine which decision criteria most influenced this decision.  According to the TPB 

proposed by Ajzen (1991), the key components of decision-making can be quantified and 

used as predictors of behavior.  In this study, STEM majors’ decision criteria were 

compared between different institution types; two-year, four-year, and private four-year, 

and between demographic groups; age and sex.  The data gained through this research 

study were analyzed for trends in students’ decision making process in the selection of an 

academic major in a STEM field.  While the TPB has been used to study student major 
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choice, it has not been used to study STEM fields specifically (Tan & Laswad, 2009).  

Knowing, understanding, and addressing these TPB factors could possibly lead to a 

change in how instructors approach students’ needs (Tan & Laswad, 2009).  The 

application of these TPB factors, in turn, could possibly impact the number of students 

declaring a STEM area academic major in the United States.  

 The quality of education is the focus of most of the STEM improvement efforts 

(Ewell et al., 2003).  While most of these efforts focus on improving existing curriculum 

and pedagogy for students already in the STEM pipeline, more attention could be focused 

on increasing the number of students entering the STEM pipeline (Ewell et al., 2003).  

Increasing the number of students choosing to major in STEM could have a far greater 

impact on increasing and strengthening the STEM workforce than educational efficiency 

and quality efforts alone (Bretell & Ault, 2010).   

Instrumentation and Data Collection 

The quantitative survey method of data collection was utilized to produce 

numerical descriptions of the study population needed to answer the research questions 

(Fowler, 2009).  A survey, which used a five-point scale, was used to obtain data for the 

study.  The purpose of the survey was to collect data which can be generalized from a 

sample to a population so that inferences can be made about the characteristics, attitudes, 

and behaviors of this population. The questionnaire utilized was the Science Motivation 

Questionnaire II © (SMQII), created in 2011 by Glynn et al.  This questionnaire is 

appropriate for use in research investigating science student motivation and includes 

criteria students may consider when deciding on an academic major (Glynn et al., 2011).  

Survey questions conform to the student motivation and perceived success framework by 
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limiting their scope to those criteria identified as constructs of Ajzen’s (1991) Theory of 

Planned Behavior.  It was anticipated students would find the range of response options 

appropriate to the topic questions being asked.  It was also anticipated results would show 

students cite the identifiable factors in their major selection decision-making process 

(Malgwi et al., 2005).  Demographic data on each participant were also collected to 

provide a framework for the data analysis. 

 The SMQII consists of a 25-item questionnaire and was converted for online 

access (Glynn et al., 2011).  Glynn et al. (2011) gives permission to educators who wish 

to use the questionnaire for research and teaching provided they comply with the fair use 

of this copyrighted and registered work.  In order to learn attributes of the sample 

population which are outside the realm of Glynn’s et al. (2011) questionnaire, six 

questions were included as an addendum to the survey by the researcher, for a total of 31 

questions.  To preserve validity of the SMQII, the additional six questions were treated as 

a separate, stand-alone survey during analysis.  It was anticipated that the questionnaire 

would require a time of approximately 15 minutes to be complete by the average survey 

participant.  The questions were based on specific identifiers associated with how college 

students select their academic major (Glynn et al., 2011).   

 The SMQII identifies five factors associated with science student major selection:  

Intrinsic motivation, career motivation, self-determination, self-efficacy, and grade 

motivation (Glynn et al., 2011).  The questions added by the researcher addressed a 

student’s motivational source.  Each question was answered with a selection from a five- 

point scale.  The scale limits participant responses across a range enabling the researcher 

to comparably discern student motivational factors. The limited scaled response options 
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assist the researcher in identifying and analyzing trends in the sample results (Fowler, 

2009).    

Respondent Demographics 

 The population of this study was composed of 137 students majoring in biology 

who attended three higher education institutions in the Midwest. These science students 

make up a portion of the larger group of STEM students, and their motivations were 

generalized to describe STEM students.  The schools were selected based on their 

location, size, science degree offerings, and their status as public, private, two-year, and 

four-year institutions.  This was done to ascertain whether student major choice varied 

among these designations.    

 A breakdown of the survey results showed 51% of the respondents attended a 

four-year, public institution.  Thirty-one percent of the students in the population were 

enrolled in a four-year, private institution.  The remaining 18% of the responses came 

from students who attended a two-year, public institution.  The majority of the students 

who participated in the survey, 84% reported their race as White.  The remaining 16% of 

students reported themselves as Black or African-American, Asian, Hispanic or Latino, a 

combination of two or more races, or none of these.  Female respondents made up 68% of 

the students who responded, while 32% were male.  Sixty-nine percent of students 

surveyed were between the ages of 18 and 34.  

Data Analysis  

The survey was available to students for four weeks.  This time frame was chosen 

based on the suggestion of the work done by Hamilton (2009).  After distributing the 

survey to students at all three college campuses and giving appropriate response time, 



SCIENCE STUDENT MAJOR CHOICE CRITERIA  59 
 

 
 

completed survey results were downloaded from the survey web site and the data were 

imported into an Excel file to analyze the results using descriptive analysis.   

The type of data gathered in this study was best characterized as ordinal and 

interval data, based on the definition used by Boone and Boone (2012).  The ordinal data 

were generated by the six questions developed by the researcher to ascertain sources of 

student motivation to major in science (e.g., family, friends, career, grades).  Interval data 

were produced by using the 25-question survey developed by Glynn et al. (2011) in 

which multiple questions measuring each motivation type are averaged, producing a 

composite score for each factor.  These composite scores allowed comparison and 

ranking of motivation types among groups.  

 Ordinal data analysis.  Bluman (2009) identified ordinal data as rankable, but 

cautioned that precise differences between the ranks do not exist.  The central tendency 

of ordinal data is accurately represented by the median or mode (Boone & Boone, 2012).  

Summarizing ordinal data by statistical mean would lead to increments between actual 

survey choices, which are inappropriate for this data set.  The purpose of the ordinal data 

in this study was to discern trends in a student’s type and source of motivation when 

deciding on science as an academic major.  Students selected their response to these 

questions from the choices completing the sentence, I majored in science because.   

 For each of the six sentence completions provided in the survey, the student 

ranked the source of motivation by choosing one of the following qualifiers: strongly 

disagree, disagree, neutral, agree, or strongly agree.  In this study, responses of agree 

and strongly agree were considered positive responses for the specific motivational 
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source, while responses of disagree and strongly disagree were considered negative 

responses.   

 Interval data analysis.  When the responses to several questions were grouped 

together for analysis, they were considered interval data that can appropriately be 

described with the central tendency statistic of a mean (Boone & Boone, 2012).  In this 

study, the responses to the five survey questions for motivation type were averaged, 

which resulted in a composite score for each motivation type.  This process was used for 

each of the five motivational types (Glynn et al., 2011).  Composite scores were averaged 

for groups of students for the purpose of comparing those groups (e.g. school type, age 

and sex).  Analysis of the data from this study included a percentage comparison of the 

five possible responses to each question.  Observable differences between responses 

recorded for a question allowed the researcher to ascertain whether the subject of the 

question influenced the student (positive response), or did not influence the student 

(negative response).   

 As noted before, this study adopted Glynn’s (2011) composite approach to 

analyze student response to five motivational factors:  intrinsic motivation, grade 

motivation, career motivation, self-efficacy, and self-determination.  The survey consists 

of five questions for each of the motivation types, for a total of 25 questions.  Each 

question required a response from a five-point scale.  The students selected from never, 

rarely, sometimes, usually, and always to rank given responses to the statement, When I 

am in a college science course.  These responses were converted to numerical values, one 

for never, to five for always, to analyze the data generated.  Student responses for each of 
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the five questions within a motivational group were averaged to generate a composite 

score used to characterize that student’s overall response to those questions as a group.    

Findings from research question 1.  The first research question (What 

motivation factors are most likely to be reported by students in pursuit of a STEM 

major?) was analyzed using descriptive analysis in order to obtain percentages of student 

responses.   

Eighty-nine percent of the biology students who responded to the survey rated 

career as an important factor when making the decision to major in the science related 

field.  The scores for this area were derived from a set of questions which indicated 

career as a motivation.  The five career motivation questionnaire response items each 

involve the extrinsic motivator of a career, which necessitates learning science as a means 

to this tangible employment end (Glynn et al., 2011).  The five motivation questions 

regarding career offered to participants discussed having career advantages, would be 

centered in a science field, would support the participant in a getting a good job as well as 

determining if science problem solving skills would be utilized in the participants’ chosen 

career.  A composite score was garnered from averaging the five questions related to this 

topic.  Students most often chose usually or always when responding to these questions 

with an average of the composite scores being a 4.6 on a 5-point scale. Interestingly, only 

two composite scores fell below the average score of three on the five-point scale in 

regards to career as a motivation. 

Motivation by grades obtained in coursework was the second highest factor with 

85% of students surveyed responding positively.  The scores for this area were derived 

from a set of questions which indicated grades as a motivation.   The five motivation 
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questions regarding the importance of grades to participants discussed the competitive 

nature of grade perception, the relative importance of achieving a high grade, the overall 

importance of grades in general, and the particular significance of exam and laboratory 

grades.  A composite score was garnered from averaging the five grade-related questions. 

The students most often chose usually or always when responding to these questions with 

an average of the composite scores being a 4.5 on a 5-point scale. Similar to the above 

career motivation analysis, only two composite scores fell below the average score of 

three on the five-point scale in regards to grades as a motivation. 

Intrinsic motivation was the third most attributed factor reported by students, with 

78% of students surveyed responding positively.  The scores for this area were derived 

from a set of questions highlighting intrinsic factors as motivation.  A composite score 

was garnered from averaging the five intrinsic motivation questions.  The five 

questionnaire response items measuring intrinsic motivation examined the relevancy of 

science to everyday life, to what extent personal interest came into play, curiosity in 

science discoveries, the meaningful nature of learning science, and the level of enjoyment 

experienced while studying science.  Students most often chose usually or always when 

responding to these questions with an average of the composite scores being a 4.3 on a 5-

point scale.  Three composite scores fell below the average of three on the five-point 

scale of intrinsic motivating factors. 

Self-efficacy was identified as a motivational factor by 77% of students surveyed.  

The scores for this area were derived from a set of questions highlighting self-efficacy as 

factors for motivation.   The five self-efficacy measuring questionnaire response items 

examined the confidence of students to do well in science, the belief of their ability to 



SCIENCE STUDENT MAJOR CHOICE CRITERIA  63 
 

 
 

master knowledge and skills, the belief of achieving good grades on tests and in general, 

and the positive affirmation that they can understand the subject matter.  A composite of 

the self-efficacy questions resulted in an average score of 4.3.  Again, only two 

composite scores fell below the average of three on the five-point scale measuring 

intrinsic factors as motivation. 

Self-determination, as a motivating factor, was characterized as important by 71% 

of students surveyed.  This factor represents the fewest students choosing usually or 

always when answering questions measuring self-determination when compared to the 

above described factors.  The five self-determination measuring questionnaire response 

items inquired about the adequacy of effort that goes into learning science, the existence 

of strategies to learn science, the time spent learning science, and the overall preparation 

and effort required to do well in science.  A composite of the self-determination questions 

resulted in the lowest average score of 4.1.  Five composite scores fell below the average 

of three on the five-point scale assessing self-determination as a motivational factor. 

Analysis of participant responses to the six questions added to the survey to 

measure the source of students’ motivation to major in science revealed 16 % of students 

who responded to the survey concurred with the statement:  I majored in science because 

a family member majored in science.  Likewise, 17% of students surveyed concurred 

with the statement: I majored in science because friends majored in science. 

Interestingly, 62% of the students who participated in the survey indicated a teacher 

motivated them to pursue a science major.  Eighty-two percent of the students responded 

positively to the statement: I majored in science because I wanted to solve meaningful 

problems. 
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Overall, career, grades, intrinsic, self-efficacy, and self-determination were 

reported as motivational factors by a majority of science majors participating in this 

study.  Career motivation was rated highest, followed closely by grade motivation.  

Students reported self-efficacy as tertiary to career and grades when reporting 

motivational factors in their science major pursuits.  Finally, self-determination, while 

important, was found to be the least attributable factor affecting science motivation.  In 

regards to students’ motivation source, few students reported being influenced by friends 

and family when deciding to major in science.  Science students overwhelmingly 

attributed the desire to solve meaningful problems as central to their decision to major in 

science.  A majority of the students surveyed credited a teacher for influencing their 

desire to pursue science as a college major. 

Findings from research question 2.  The second research question (What 

differences exist, if any, in the types of motivation factors reported by STEM students 

from varying types of higher education institutions?) was analyzed using descriptive 

statistics in order to obtain percentages of student responses.  Responses from the survey 

were disaggregated by the type of institution biology science majors attended, and their 

answers were reported by type of institution in order of the highest to lowest composite 

scores on the survey.  The survey questions were analyzed using the instrument 

developed by Glynn et al. (2011), which used a five-point scale to determine degrees of 

agreement of whether certain aspects in science courses influenced biology college 

students’ decision to choose this area as their college major.  In addition to Glynn’s et al. 

(2011) survey, the researcher added six additional questions to further investigate sources 

of motivation using the format of a scale. The cultural underpinnings of students 



SCIENCE STUDENT MAJOR CHOICE CRITERIA  65 
 

 
 

attending different institution types may manifest itself as motivational nuances affecting 

major choice (Porter & Umbach, 2006).  Additionally, variation in motivational factors 

reported by students attending different institution types could lead to retention strategies 

for students transferring from one institution type to another (President’s Council of 

Advisors on Science and Technology, 2012).   

Responses from community colleges.  Analysis of the results obtained from 

students surveyed at a two-year community college found intrinsic motivation and grade 

motivation were the highest ranked factors with 94% of students answering usually or 

always on both the intrinsic motivation and the grade motivation questions.  Intrinsic 

motivation garnered the highest composite score among community college students, 

with an average composite score of 4.7 for questions measuring intrinsic motivation.  

There were no composite scores below the average of three on a five-point scale.  The 

average composite score for community college students answering the grade motivation 

questions on a 5-point scale was 4.6.  As with intrinsic motivation, no composite scores 

fell below the average of three on the five-point scale for questions related to grade 

motivation.   

Both career motivation and self-efficacy questions garnered an 82% usually or 

always response rate for community college students.  Career motivation had the third 

highest average composite score for community college students, with a 4.5.  Again, no 

composite scores fell below the average of three on a five-point scale.  Community 

college students ranked self-efficacy fourth out of the five motivational factors.  Self-

efficacy questions, answered by community college students, resulted in an average 
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composite score of 4.4, with no composite scores below and average of three on a five- 

point scale.   

Finally, the least attributed motivational factor for community college students 

was self-determination.  Self-determination was the lowest ranking motivational factor 

with 71% of community college students choosing usually or always for those questions.  

The average composite score of 4.3 for self-determination was the lowest of all the five 

motivational factors measured.  As in every motivational factor measured for this group, 

no composite scores were observed below the average of three on a five-point scale. 

Community college students, when asked about why they majored in science, 

identified the desire to solve meaningful problems to a high degree, with 94% of students 

surveyed responding positively.  Only 23% of community college students indicated a 

friend had influenced them to major in science.  Interestingly, the lowest ranked source of 

motivation for community college students was family.  Only 12% of community college 

students surveyed revealed they majored in science due to the influence of a family 

member.   

In summary, community college students reported intrinsic and grade motivations 

highest, followed by career and self-efficacy, and finally self-determination factors 

lowest.  It should be noted that while the composite scores for community college 

students did fall in a certain rank, each of the five motivational factors were rated with no 

composite scores falling below an average of three on the five-point scale for any of the 

five motivational areas.  While self-determination was the lowest ranked of the five 

factors, it was still ranked high, with 71% of surveyed community college students 

ranking this category favorable.  While friends and family appear not to be influences to 
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community college students on major choice, teachers and the desire to solve meaningful 

problems do appear to influence student major choice in the sciences. 

Response from four-year private universities.  Analysis of the results obtained 

from students surveyed at a four-year, private institution revealed grade motivation as the 

highest ranked motivational factor, with an average composite score of 4.6 on the five- 

point scale.  Eighty-six percent of four-year public university students surveyed answered 

usually or always for questions pertaining to grade motivation.  None of the composite 

scores for grade motivation fell below an average of three on a five-point scale. 

Career motivation was the second highest ranked motivating factor reported by 

four-year private university students.  An average composite score of 4.5 out of five on 

the scale was calculated for this group when answering questing pertaining to career 

motivation.  While two composite scores fell below an average of three on the five-point 

scale, a total of 84% of private four-year university students responded positively to 

questions measuring career motivation. 

Self-efficacy ranked third among the five motivational types among private four-

year university students.  The average composite score for this group was 4.1 out of 5 on 

the scale for questions measuring student self-efficacy.  While one average composite 

score fell below three on the five-point scale, 65% of students surveyed responded 

positively to questions revealing self-efficacy as a motivational factor. 

Just over half (58%) of the private four-year university students surveyed reported 

intrinsic motivation as an important factor in their science pursuit.  Intrinsic motivation 

ranked fourth out of the five motivational factors measured in private four-year university 
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students, garnering an average composite score of 4.0 out of 5 on the scale.  Two 

composite scores in this group fell below an average of 3 on this scale. 

The least attributed motivational factor reported by private four-year university 

students was self-determination.  Analysis of composite scores for self-determination 

measuring questions revealed an average of 3.9 out of five on the scale. Four composite 

scores in this group fell below an average of three on the five-point scale.  Sixty-five 

percent of private four-year university students did respond positively to the self-

determination measuring questions. 

Private four-year university students, when asked why they majored in science, 

identified the desire to solve meaningful problems to a high degree, with 81% of students 

surveyed responding positively.  Fifty-three percent of these students reported they were 

influenced by a teacher to major in science.  Only 21% of private four-year university 

students indicated a friend had influenced them to major in science.  Finally, the lowest 

ranked source of motivation for private four-year university students was family.  Only 

12% of these students surveyed revealed they majored in science due to the influence of a 

family member.   

         Response from four-year public universities.  Analysis of the results obtained from 

students surveyed at a four-year, public institution revealed career motivation as the 

highest ranked motivational factor with an average composite score of 4.7 on the five-

point scale.  Ninety-five percent of four-year public university students surveyed 

answered usually or always for questions pertaining to grade motivation.  As was found 

in the other institution types studied, none of the composite scores for grade motivation 

fell below an average of three on a five-point scale.   
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Four-year public university students responded to intrinsic motivation and grade 

motivation questions similarly; both these motivational types garnered an average 

composite score of 4.5 on a 5 point scale.  Eighty-seven percent of public four-year 

university students surveyed ranked intrinsic motivation question as usually or always 

influencing their science efforts.  Seven composite scores for intrinsic motivation fell 

below an average of 3 on the 5-point scale.  Grade motivation questions garnered an 83% 

positive response rate from public four-year university students, with 10 composite scores 

falling below the average of 3 on the 5-point scale. 

 The average composite score for public four-year university students for self-

efficacy motivational factors was 4.3.  Self-efficacy was the third most cited motivational 

factor for this group.  Eight-four percent of the average composite scores for self-efficacy 

represented a positive response by these four-year public university students.  Nine of the 

average composite scores for self-efficacy fell below the average of 3 on the 5-point 

scale. 

 The lowest ranking motivational factor for four-year public university students 

surveyed was self-determination.  Self-determination as a motivational factor garnered an 

average composite score of 4.2 for these students.  Seventy-six percent of the four-year 

public university students surveyed ranked self-determination positively, fewer than any 

of the other four motivational factors above. 

 Public four-year university students, when asked why they majored in science, 

identified the desire to solve meaningful problems to a high degree, with 82% of students 

surveyed responding positively.  Forty-five percent of these students reported they were 

influenced by a teacher to major in science.  Only 16% of public four-year university 
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students indicated a family member had influenced them to major in science.  

Interestingly, the lowest ranked source of motivation for public four-year university 

students was friends.   

Summary of responses from types of institutions. Community college students 

report intrinsic and grade motivations highest, followed by career and self-efficacy, and 

finally self-determination factors lowest.  While two-year community college and four-

year private university biology students responded grades were a high motivation for 

them; this factor was not the highest response for four-year public university biology 

students who participated in the survey.  Analysis of the results obtained from students 

surveyed at a four-year public university were as follows:  The highest ranking factor was 

career motivation with 86% of surveyed students answering usually or always to 

questions measuring career motivation.  Career motivation followed with 83% of 

surveyed students responding in this way.  Survey questions framed around the 

characteristics of self-determination were responded to positively (usually or always 

responses) by 65% of surveyed, four-year public university students.  The results 

obtained by students surveyed answering the self-efficacy framed questions were the 

same as those obtained for the self-determination questions with a 65% positive response 

rate from surveyed students.  Survey questions measuring intrinsic motivation showed the 

lowest positive response rate (58%) by four-year public university students.  Four-year 

public university student motivation type responses can be summarized from highest to 

lowest as follows:  grade, career, self-determination, and self-efficacy (equally), and 

finally, intrinsic motivation. 
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The influence a family member has on a student deciding to major in science was 

analyzed by disaggregating the survey data by type of institution.  The responses to 

whether family members influenced their choice to major in science were similar 

regardless of institution type.  When asked whether family members influenced their 

decision to major in science, only 16% of four-year public university students surveyed 

and 16% of four-year private university students surveyed responded positively.  

Similarly, only 12% of two-year public community college students surveyed responded 

positively.  When asked whether friends influenced a student’s decision to major in 

science, only 13% of four-year public university students surveyed responded positively, 

24% of two-year public community college students surveyed responded positively, and 

21% of four-year private university students surveyed responded positively. 

 Teacher influence, job prospects and solving meaningful problems were reported 

by students surveyed as factors influencing their decision to major in science.  A higher 

percentage of two-year public community college students reported being influenced by a 

teacher to major in science (59%) compared to 53% of four-year private university 

students, and only 45% of four-year public university students surveyed.  Four-year 

private university students had the highest percentage (84%) of those surveyed 

responding positively to the statement,  I majored in science because I wanted to get a 

good job, compared to 71% and 73% of students surveyed at a two-year public 

community college and a four-year public university, respectively.  When asked whether 

they majored in science because they wanted to solve meaningful problems, 94% of two-

year public community college students surveyed responded positively, compared to 86% 

of four-year private university students and 82% of four-year public university students. 
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Findings from research question 3.  The third research question (What 

differences exist, if any in the types of motivation factors reported by STEM students as 

disaggregated by age and sex?) was analyzed using descriptive statistics in order to 

obtain percentages of student responses.  In research question three, responses from the 

survey were disaggregated by age and sex.  Findings are reported below in order of the 

highest to lowest composite scores for each motivation factor measured by the survey.  

As for Research Question One and Research Question Two, survey questions were 

analyzed using the instrument developed by Glynn et al. (2011), which used a 5-point 

scale to determine degrees of agreement of whether certain aspects in science courses 

influenced biology college students’ decision to choose this area as their college major.  

In addition to Glynn’s et al. (2011) survey, the researcher added six additional questions 

to further investigate sources of motivation using the format of a scale. 

Response from males.  Grade motivation and self-efficacy were the highest 

ranked motivational factors reported by males.  Both grade motivation and self-efficacy 

garnered a composite score of 4.4 on a five-point scale.  This composite score reflects a 

77% positive response by males answering questions measuring grade motivation and 

self-efficacy separately.  Only one grade motivation composite score fell below the 

average of 3 on a five-point scale, while no self-efficacy composite scores fell below this 

average of 3. 

Career motivation ranked third among males surveyed.  The composite score for 

males answering career motivation questions was 4.3, just below grade motivation and 

self-efficacy.  Seventy-one percent of males surveyed responded with usually or always 
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when rating the importance of career in determining their college major.  Two composite 

scores fell below a 3 on a 5-point scale for males answering career motivation questions. 

The composite score garnered for males answering questions measuring intrinsic 

motivation was 4.2.  Sixty-nine percent of males regarded intrinsic motivation as positive 

by answering usually or always when rating intrinsic motivating factors.  One composite 

score fell below the average of 3 on a 5-point scale for intrinsic motivation.  Intrinsic 

motivation ranked fourth out of the five motivational factors measured. 

Finally, males rated self-determination lowest among the motivational factors, 

with 57% responding positively to those questions.  The average composite score for 

males answering self-determination questions was 3.9 out of 5 on the scale.  While this 

factor was ranked the lowest of the five motivational factors, it should be noted that most 

males rated self-determination as important in their STEM major coursework.  Only two 

composite scores for this area fell below the average of 3 on the 5-point scale. 

When asked why students chose a major in science, 80% of males surveyed 

attributed their decision to the desire to get a good job.  Only 9% of males surveyed 

attributed their science major choice to a family members influence.  Seventy-four 

percent of males surveyed chose to solve meaningful problems when asked why they 

majored in science.  Friends and teachers were attributed by 27% and 37% of males 

surveyed, respectively.  

Response from females.  Career motivation was the highest rated of the five 

motivational factors measured for females surveyed.  The composite score for females 

answering career motivation questions was 4.7 on a 5-point scale.  This high composite 
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score was the result of 96% of females surveyed rating career motivation positively.  

Three composite scores did fall below the average of 3 on the 5-point scale. 

Grade motivation ranked second for females surveyed.  Grade motivation 

garnered a composite score of 4.6 on the 5-point scale, with only one score falling below 

3 on the scale.  Ninety percent of females surveyed answered grade motivation questions 

with usually or always important for their major coursework. 

Intrinsic motivation was the third most attributed motivational factor for females 

surveyed.  Females answering questions measuring intrinsic motivation resulted in a 

composite score of 4.4 on the 5-point scale.  Eighty-three percent of females surveyed 

reported intrinsic motivating factors as important for their college major.  Two composite 

scores fell below the average of 3 on the 5-point scale. 

Females surveyed responded positively to self-determination and self-efficacy 

questions nearly equally with a resulting composite score of 4.2 for both motivational 

groups.  Self-determination questions garnered a positive response from 78% of females 

surveyed.  Self-efficacy questions followed with a 76% positive response from females 

surveyed.  Three composite scores fell below an average of 3 on the 5-point scale for 

self-determination, while only two fell below this level for self-efficacy questions.  Self-

determination and self-efficacy ranked 4th and 5th, respectively among females out of the 

five motivational types measured. 

When asked why students chose a major in science, 88% of females surveyed 

attributed their decision to major in science to a desire solve meaningful problems.  Only 

19% of females surveyed attributed their science major choice to a family members 

influence.  Seventy-four percent of females surveyed cited future job attainment desires 
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as a reason for their science major choice.  Friends and teachers were attributed by 15% 

and 56% of females surveyed, respectively.  

Age 21 and under responses.  The highest rated motivational factors students 

surveyed age 21 or under were career and grade motivation.  The respondents in this age 

group answered career and grade motivation questions with a resulting 4.6 average 

composite score for both these motivational types.  Ninety-one percent of students 

surveyed age 21 and under rated career motivation positively, with either usually or 

always important in their major coursework.  Three composite scores in this group fell 

below the average of 3 on a 5-point scale.  Eighty-eight percent of those surveyed 

answered grade motivation questions as important in their field of study. 

Self-efficacy and intrinsic motivational factors both garnered an average 

composite score of 4.2 on a 5-point scale among students surveyed age 21 and under.  

Seventy-six percent of surveyed students 21 and under cited self-efficacy as usually or 

always important in their science coursework, with two composite scores falling below 3 

on a 5-point scale.  Intrinsic motivation questions were answered positively by 71% of 

students surveyed 21 years of age and under.  Three composite scores fell below 3 on a 5-

point scale for this age group when answering intrinsic motivation questions. 

Self-determination ranked 5th out of the five motivational factors measured for 

students surveyed age 21 and under.  Self-determination, for this group garnered an 

average composite score of 4.1 on a 5-point scale.  Even though self-determination was 

the lowest rated factor for this group, 72% of students surveyed responded positively to 

self-determination measuring questions.  Four composite scores did fall below the 

average of 3 on a 5-point scale for self-determination in this group. 
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When answering questions regarding a student’s source of motivation to major in 

science, 84% those age 21 or under cited the desire to solve meaningful problems.  

Seventy-eight percent of surveyed students age 21 or under expressed the desire to get a 

good job was influential in their major choice decision.  Interestingly, only 20% of these 

students attributed their decision to major in science to the influence of a friend or family 

member.  Teachers were attributed by 55% of students surveyed age 21 or under, as 

influential in that students decision to major in science. 

Age 22 through 34 responses. Analysis of the results obtained from students 

surveyed age 22 through 34 revealed intrinsic motivation as the highest ranked 

motivational factor for this group.  Ninety-six percent of students surveyed in this age 

group responded positively to questions measuring intrinsic motivation.  This group 

garnered an average composite score of 4.7 for intrinsic motivation questions.  No 

composite scores fell below an average of 3 on a 5-point scale for intrinsic motivation. 

Career motivation ranked second for this group.  Surveyed students between the 

ages of 22 and 34 responded to career motivation questions positively at a rate of 88% 

when answering questions gauging the importance of career in their science major 

pursuit.  The average composite score for these students for all career motivation 

questions was 4.6 on a 5-point scale.  There were no composite scores for career 

motivation in this age group below an average of 3 on the 5-point scale. 

Grade motivation for this age group followed career motivation with the slightly 

lower composite score of 4.5 on the 5-point scale.  Eighty percent of students surveyed 

between the ages of 22 and 34 affirmed grade motivation was an important aspect of their 

major choice.  Only one grade motivation composite score fell below the average of 3 on 
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a 5-point scale for this group.  Grade motivation was followed closely by self-efficacy for 

those surveyed in the age group of 22-34 years old. 

Self-efficacy, for the 22-34 years old age group, garnered a composite score of 4.4 

on the 5-point scale.  No composite scores fell below an average of 3 on the 5-point scale 

for this group.  Students in this group responded to self-efficacy survey questions with an 

80% positive response rate.  While this is the same positive response rate observed for 

this group on grade motivation questions, the slightly lower average composite score 

aligns self-efficacy just below grade motivation for those surveyed 22-24 years old. 

Finally, self-determination garnered the lowest composite score for the 22-34 age 

group.  Self-determination was affirmed by students surveyed as important in their 

science study field, but the observed 4.3 average composite score ranked this motivation 

type 5th among the five motivational types measured for this study.  Seventy-six percent 

of surveyed students between the ages of 22 and 34 answered questions measuring self-

determination with a usually or always importance rating. 

When asked why students decided to major in science, 88 % surveyed in the age 

22-34 years old group responded with the selection: I wanted to solve meaningful 

problems. Eighty percent of those surveyed in this age group cited the desire to get a 

good job as a source of their major choice decision.  Only 4% of these students attributed 

their science major choice to a friend or family member.  A teacher was attributed by 

36% of students age 22-34 as influencing their science major choice.  

Age 35 and over responses. Intrinsic motivation was observed to be the highest 

ranked motivational factor for students surveyed age 35 or over.  All students surveyed in 

this age group responded positively to questions measuring intrinsic motivation.  An 
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average composite score of 4.5 was observed for this group when answering questions 

measuring intrinsic motivation.  No composite scores fell below an average of 3 on the 5-

point scale. 

The motivational factor receiving the second rank for this age group was self-

efficacy.  Self-efficacy garnered a 60% positive response rate among the 35 years old and 

above group.  The average composite score for questions measuring student self-efficacy 

was 4.2 on the 5-point scale.  Self-efficacy was closely followed by grade motivation for 

this group. 

Grade motivation garnered an average composite score of 4.2 for those surveyed 

age 35 and above.  Sixty percent of those surveyed answered grade motivation positively 

by choosing the survey responses of usually or always when relating the importance of 

grades in their coursework.  One composite score was observed below an average of 3 on 

the 5-point scale for this group answering grade motivation questions.  It should be noted, 

while grade motivation received the same positive response rate as self-efficacy above, 

the slightly lower average composite score for grade motivation ranks grade motivation 

for this age group as 3rd. 

Career motivation, like grade motivation and self-efficacy, garnered a 60% 

positive response rate for students surveyed age 35 and above.  The lower average 

composite score of 4.0 placed career motivation below those described previously for this 

group.  No average composite scores fell below an average of 3 on the 5-point scale for 

this group answering questions measuring career motivation.  Career motivation ranked 

4th among the five motivations factors measured for students age 34 and above. 
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The lowest ranking motivational type for the 34 and above age group was self-

determination.  Only 40% of those students surveyed in this age group answered survey 

questions measuring self-efficacy positively.  The average composite score for students 

surveyed age 35 and above was 3.8 on the 5-point scale when answering questions 

measuring self-determination as important for their science coursework.  While self-

determination was the lowest ranked of the five measured motivational factors for this 

study, self-determination was affirmed as important for these students in their science 

classes.  No average composite scores fell below 3 on the 5-point scale. 

Only 40% of those surveyed in the 35 years old and greater age category 

responded positively to friends, teachers, or potential jobs as influencers in their decision 

to major in science.  Interestingly, none of those surveyed in this age category attributed 

family members as being an influence for majoring in science.  Eighty percent of those 

35 and over in age attributed their grades in science as influencing their decision to major 

in science.  Sixty percent of those surveyed in this age category attributed the desire to 

solve meaningful problems as influential in their decision to major in science. 

Differences were observed in the motivational types and sources of motivation 

between the groups studied.  Males rated grade motivation and self-efficacy highest, 

while females rated career motivation highest and self-efficacy lowest.  Both males and 

females surveyed reported friends and family had little influence on their decision to 

major in science.  Both males and females attributed their desire to solve meaningful 

problems as an influence in their major choice. 

The students surveyed belonging to the 22-34 age group ranked intrinsic 

motivation highest and self-determination lowest among the five motivational types 
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studied.  Career and grade motivation was highest in the students in the 21 years of age 

and under group.  Like the age 22-34 group, the 21 years of age and under group rated 

self-determination lowest.  All age groups reported the desire to solve meaningful 

problems as influencing their science major choice.  Friends and family were reported as 

not important among those surveyed less than 21 to 34 years of age, while friends did 

appear to influence those students older than age 34. 

Summary 

This quantitative survey study collected information on student motivational type 

and source relating to how students decide on their academic major in biology.  The data 

obtained were analyzed to further the understanding of the motivational factors used by 

students when deciding on a science major.  The goal of this study was to provide the 

data necessary for the development of initiatives that increase the number of students 

majoring in STEM academic areas, and improve retention of existing student majors. 

Career, grade, intrinsic, self-efficacy, and self-determination were reported as 

motivational factors by a majority of science majors participating in this study.  Few 

students reported being influenced by friends and family when deciding to major in 

science.  Science students overwhelmingly attributed the desire to solve meaningful 

problems as central to their decision to major in science.  A majority of students surveyed 

credited a teacher for influencing their desire to pursue science as a college major. 

Community college students reported intrinsic and grade motivations highest, 

followed by career and self-efficacy, and finally self-determination factors lowest.  While 

two-year community college and four-year private university biology students responded 

grades were a high motivation for them, this factor was not the highest response for four-
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year public university biology students who participated in the survey.  Four-year public 

university student motivation type responses were summarized from highest to lowest as 

follows:  grade, career, self-determination and self-efficacy (equally), and finally intrinsic 

motivation.  The responses to whether family members influenced their choice to major 

in science were similar regardless of institution type.  When asked whether friends 

influenced a student’s decision to major in science, only 13% of four-year public 

university students surveyed responded positively, 24% of two-year community college 

students surveyed responded positively, and 21% of four-year private university students 

surveyed responded positively. 

 Teacher influence, job prospects, and solving meaningful problems were reported 

by students surveyed as factors influencing their decision to major in science.  Four-year 

private university students had the highest percentage (84%) of those surveyed 

responding positively to the statement: I majored in science because I wanted to get a 

good job.  When asked whether they majored in science because they wanted to solve 

meaningful problems, 94% of two-year public community college students surveyed 

responded positively, compared to 86% of four-year private university students, and 82% 

of four-year public university students. 

Males rated grade motivation and self-efficacy highest, while female students 

rated career motivation highest and self-efficacy lowest.  Both males and females 

reported friends and family had little influence on their decision to major in science.  

Both males and females attributed their desire to solve meaningful problems as an 

influence in their major choice.  Students age 22-34 ranked intrinsic motivation highest 

and self-determination lowest among the five motivational types studied.  Career and 
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grade motivation was highest in the students age 21 and under.  Like the older group, this 

younger group rated self-determination lowest.  All age groups reported the desire to 

solve meaningful problems as influencing their science major choice 

Chapter Five will provide the summary and conclusions drawn by the researcher 

based on the findings.  The implications deduced from the conclusions will be related to 

problems identified by the literature in Chapter Two.  Following the implications for 

practice discussion, the researcher will offer recommendations for future research.  

Future research recommendations will be centered on the subjects of research design, 

population and sample, and instrumentation.   
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Chapter Five: Summary and Conclusions 

The United States currently ranks 21st in 9th grade science literacy, while 

Finland, Hong-Kong, Japan, New Zealand, Canada, Estonia, Australia, Netherlands, and 

Taiwan take the top 10 spots (Organisation for Economic Co-Operation and 

Development [OECD], 2010).  Atkinson and Mayo (2010) emphasized the United States 

education system does not graduate adequate numbers of STEM majors to fill jobs in key 

fields.  A report by the NEC et al. (2011) predicted America’s future economic growth 

and competitiveness will largely be dependent upon skills developed in STEM 

educational fields.  The NEC (2011) report summarized the need for improvement in the 

results of American science education by increasing the number and quality of American 

higher education graduates adequately prepared for the demands required by globally 

competitive employers (Atkinson & Mayo, 2010).  Efforts to improve and expand 

America’s scientific competencies continue in the form of a comprehensive approach 

reaching into the combined areas of STEM (NEC, 2011).  The American 

Competitiveness Initiative was created in 2006 to improve America’s global economic 

competitiveness by increasing funding for STEM education areas.  Presidential actions 

have also attempted to spur STEM change.  The President’s Council of Advisors on 

Science and Technology (2012) emphasized the breadth of desired change by calling on 

educators to focus on both preparation and inspiration of students. 

 Chapter Five will reiterate the predominant aspects of the study. The findings 

detailed in Chapter Four will be summarized.  A discussion of the conclusions drawn 

from these findings, with support from related literature, follows. The remainder of the 
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chapter details suggestions for addressing the issues raised during the research and offers 

recommendations for any future research related to the theme of this study. 

Review of the Study 

 The purpose of this research study was to ascertain the reasons why students 

choose a STEM major and to determine what decision criteria influenced this decision.  

According to the TPB proposed by Ajzen (1991), the components observed in decision-

making can be quantified and analyzed as predictors of behavior.  Information collected 

during this study was accomplished through the use of a 25-question survey developed 

and validated by Glynn et al. (2011) and a six-question survey developed by the 

researcher.  The SMQII identified five factors associated with science student major 

selection:  intrinsic motivation, career motivation, self-determination, self-efficacy, and 

grade motivation (Glynn et al., 2011).  The questions added by the researcher addressed a 

student’s motivational source.  Each question was answered with a selection from a five-

point scale.   

 The population of this study included students majoring in biology at three higher 

education institutions in the Midwest; one two-year public community college, one four-

year public university, and one four-year private university.  After distributing the survey 

to students at all three college campuses and giving appropriate response time (Hamilton, 

2009), completed survey results were downloaded from the survey web site, and the data 

were imported into an Excel file to analyze the results using descriptive analysis 

(Creswell, 2009).   

 Two types of data were analyzed in this study; ordinal data and interval data 

(Boone & Boone, 2012).  The ordinal data were generated by six questions developed by 

the researcher to ascertain sources of student motivation to major in science (e.g., family, 
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friends, career, grades)  Interval data were produced by using the 25-question survey 

developed by Glynn et al. (2011) in which multiple questions measuring each motivation 

type were averaged, producing a composite score for each factor.  These composite 

scores allowed comparison and ranking of motivation types among groups. Intrinsic 

motivation questions use the terms, “interesting, meaningful, curious, and enjoy” when 

describing a student’s participation in science coursework.  Grade motivation questions 

encompassed the importance of grades to a student.  Self-determination was gauged with 

questions using the terms, “effort, strategies, time preparing, and study.”  Career 

motivation questions employed terms relating to jobs and potential earnings as 

motivators.  Self-efficacy questions utilized words, such as “confident, believe, and sure” 

when relating classroom experiences.  

Findings 

The first research question (What motivation factors are most likely to be reported 

by students in pursuit of a STEM major?) was examined by averaging the responses from 

the five survey questions for each of the motivational types to produce a single composite 

score for each motivational type (Boone & Boone, 2012; Glynn et al., 2011).  Eighty-nine 

percent of the students who responded to the survey rated career as a factor when making 

the decision to major in the science related field. Being motivated by grades obtained in 

coursework was the second highest factor with 85% of students surveyed responding 

positively.  Intrinsic motivation was the third most attributed factor reported by students, 

with 78% of students surveyed responding positively.  Self-efficacy was identified as a 

motivational factor by 77% of students surveyed.  Self-determination, as a motivating 

factor, was characterized as important by 71% of students surveyed.   
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A limited number of students reported being influenced by friends and family 

when deciding to major in science.  Students overwhelmingly attributed the desire to 

solve meaningful problems as central to their decision to major in science.  A majority of 

students surveyed credited a teacher for influencing their desire to pursue science as a 

college major. 

The second research question (What differences exist, if any, in the types of 

motivation factors reported by STEM students from varying types of higher education 

institutions?) was examined by averaging the responses from the five questions for each 

motivational type to produce a composite score for each motivational type, then 

disaggregating these data by institution type.  Community college students reported 

intrinsic and grade motivations highest, followed by career and self-efficacy, and finally 

self-determination factors lowest.  It should be noted that while the composite scores for 

community college students did fall in a certain rank, each of the five motivational 

factors were rated with no composite scores falling below an average of three on the five-

point scale for any of the five motivational areas.  While self-determination was the 

lowest ranked of the five factors, it was still ranked high with 71% of surveyed 

community college students ranking this category favorable.  Friends and family 

appeared not to be influences to community college students on their choice to select 

science as an academic major; however, teachers and the desire to solve meaningful 

problems did appear to influence student major choice in the sciences. 

Students surveyed at a four-year, private institution revealed grade motivation as 

the highest ranked motivational factor.   Career motivation was the second highest ranked 

motivating factor reported by four-year private university students.  Self-efficacy ranked 
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third among the five motivational types among private four-year university students.  

Fifty-eight percent of private four-year university students surveyed reported intrinsic 

motivation as an important factor in their science pursuit.  Intrinsic motivation ranked 

fourth out of the five motivational factors measured in private four-year university 

students.  The least attributed motivational factor reported by private four-year university 

students was self-determination.  As detailed earlier, self-determination was gauged with 

questions using the terms, “effort, strategies, time preparing, and study.”  These students 

were motivated to solve meaningful problems and were influenced by teachers but were 

not motivated by friends or family. 

Students surveyed at a four-year, public institution revealed career motivation as 

the highest ranked motivational factor.  Four-year public university students responded to 

intrinsic motivation and grade motivation questions similarly.  Self-efficacy was the third 

most cited motivational factor for this group.  The lowest ranking motivational factor for 

four-year public university students surveyed was self-determination.   

The third research question (What differences exist, if any in the types of 

motivation factors reported by STEM students as disaggregated by age and sex?) was 

examined by averaging the responses from the five questions for each motivational type 

to produce a composite score for each motivational type, then disaggregating this data by 

age and sex.  Differences were observed in the motivational types and sources of 

motivation between the groups studied.  Males rated grade motivation and self-efficacy 

highest, while females rated career motivation highest and self-efficacy lowest.  Both 

males and females surveyed reported friends and family had little influence on their 
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decision to major in science. In addition, both males and females attributed their desire to 

solve meaningful problems as an influence in their major choice. 

Students whose age fell in the age group of 22-34 ranked intrinsic motivation 

highest and self-determination lowest among the 5 motivational types studied.  Career 

and grade motivation was highest in students whose age fell in the age group of 21 and 

under.  Like the students whose age fell in the age group of 22-34, the students surveyed 

who fell in the 21 years of age and under group rated self-determination lowest.  All age 

groups reported the desire to solve meaningful problems as influencing their science 

major choice.  Friends and family were reported as not important among those surveyed 

less than 21 to 34 years of age, while friends did appear to influence those students 

surveyed age 34 and above. 

Conclusions 

 Science students surveyed at public two-year colleges, public four-year 

universities, and private four-year universities chose a major in science because they 

were influenced by a teacher and possessed the desire to solve meaningful problems.  

While students taking part in this survey often rank the five motivational types studied as 

important in their science major pursuit, these students rank career motivation above all 

others.  Previous research has shown students entering STEM majors are frequently 

doing so to achieve planned careers in STEM fields (Gasiewski et al., 2012).  When 

deciding to major in science, students surveyed did not report being influenced by friends 

or family.  With the emphasis placed on STEM careers by high school guidance 

counselors and the media, along with economic factors, current students may have been 

recruited or selected as a result of these efforts (Atkinson & Mayo, 2010; National 

Science Board, 2010; Sharkness, Jr, Hurtado, Figueroa, & Chang, 2011).  Students 
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surveyed may have been less influenced by friends and family due to the unavailability of 

jobs in the geographic region of this study pertaining to science fields.  It is the opinion of 

the researcher that science students have deeply held career objectives that may transcend 

parental advice.  Interest in science in an area lacking science jobs may attract students 

intent on adventuring beyond their family experience (Atkinson & Mayo, 2010). 

 The second research question required disaggregating obtained data by institution 

type.  A comparison of student responses from different institution types revealed 

differences in student responses between these institutions.  For example, public two-year 

college students reported intrinsic motivations highest when compared to other institution 

types.  Intrinsic motivation was measured with questions gauging a student’s personal 

interest, curiosity, and enjoyment in science.  It was interesting for the researcher to 

observe these traits of curiosity and enjoyment present in community college students at a 

level higher than observed within other institution types.  

 Many students attend community college to develop their interests and learn 

about themselves prior to deciding on a major (Goldrick-Rab, 2010).  By comparison, 

four-year private university students rated intrinsic motivations lowest when surveyed.  

Four-year private university students rated grade motivations highest among the five 

motivations studied.  This dichotomy between community college and private university 

student motivations was noteworthy in the opinion of the researcher.  Relatedly, public 

university students ranked career motivation as highest among the five motivations 

studied.  This information could be instructive at a time when smoothing the transition 

from community college to four-year universities is increasingly sought (Dowd, 2012).  

While it is beyond the scope of this research, it is contemplative whether students were 
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influenced by the culture of the institution they attended to revere some motivational 

characteristics over others.  Alternatively, students with differing motivations may be 

attracted to different institution types.  This subject will be discussed further in the 

recommendations for future research section. 

 When disaggregated by sex, analysis of the data generated by the survey allowed 

the researcher to observe motivational variations when comparing males and females.  

While career and grade motivations were high among both males and females surveyed, 

the source of their motivation varied.  Females were less likely to be influenced by a 

family member to major in science when compared to males.  Females are less likely than 

males to major in STEM fields, in part due to departmental cultures at academic 

institutions (Hill, Corbett, & St. Rose, 2010).  Males’ sources of motivation was 

predominately career related, compared to females’ desire to solve meaningful problems.  

While family influence rated relatively low for both males and females, an interesting 

observation of the evidence notes females received less family influence toward their 

major choice than male students.  Parental encouragement plays a significant role in 

students pursuit of career goals (Dietrich & Salmela-Aro, 2013)  Equally interesting was 

the difference observed between male student and female student primary sources of 

motivation.  Female motivation sources were of a more intrinsic nature, compared to the 

extrinsic nature of male’s sources of motivation, comparatively. Improving the work-life 

balance policies at educational institutions could bring the culture change needed to 

attract more females to STEM academics (Hill et al., 2010). 

 The third research question also required the disaggregation of the data into age 

groups of those surveyed.  Survey participants whose age was within the 21 years of age 
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and under group rated career and grade motivations highest as it related to their science 

major choice, while intrinsic motivations rated higher for those students whose age places 

them in the 22 years of age and above group.  Prior to this research, it was the opinion of 

the researcher that students 22 years of age and above group might be more career 

motivated, assuming they were returning to school after job displacement.  Lips and 

McNeil (2009) articulated:  “American students may be less prepared to compete for jobs 

in STEM fields than students with degrees from other countries” (p. 3). The researcher 

offers that these older students may be returning to school to follow their interests 

following an unsatisfactory or unfulfilling career.   

 In Rising Above the Gathering Storm, a report by the National Research Council 

published in 2007, an observation is made regarding the importance of the government 

supporting the retraining of displaced science and engineering workers as a step to 

keeping pace with the increased pace of technological innovation.  Life-long learning is 

identified in this report as a necessity to be promoted by employers for workers as 

technology companies strive for a larger global market-share (NRC, 2007).  As stated 

earlier, students surveyed generally did not rate family and friend influences as 

particularly important, but it is important to note that the older students surveyed did 

show a higher influence from friends of any other group.  This may be in part due to the 

experience an older student may have with interacting with professional contemporaries.  

Students whose age places them in the 22 years of age and above group may be more 

likely to have been influenced by friends they consider “successful” in their careers and 

have made a conscious decision to follow their example.  Younger students may not have 
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many friends currently in science career fields due to their traditional (immediately after 

high school) college entry timing. 

Implications for Practice 

 Findings from this study contribute to a greater understanding of student 

motivations surrounding science major choice.  Knowledge of the motivations 

influencing students choosing a major in STEM field provides the insight needed to 

cultivate a larger participation in these educational areas.  The number of graduates in 

these academic fields has been on the decline in the United States since the 1960s, which, 

according to Lips and McNeil (2009), results in a diminished ability of the United States 

to compete in science and engineering on the world stage.  

Despite the United States government efforts to improve America’s STEM 

proficiencies, measurable improvement has not been achieved on a wide scale (National 

Academy of Sciences et al., 2010).  In the Gathering Storm report (2005) America’s 

preeminence in STEM innovation was described as faltering.  The Gathering Storm 

report (2005) led to a government stimulus in the form of The America COMPETES Act 

(2007), which called for the implementation of many of the recommendations of the 2005 

Gathering Storm report.  In 2010, the National Academy of Sciences et al.  released a 

report on the progress made toward America’s competitiveness in the global marketplace 

which noted that it was “he unanimous view of the committee members participating in 

the preparation of this report is that our nation’s outlook [had] worsened” (p. 5).   

Findings from this study could play a role in reforming science instruction 

towards development of a pedagogical flexibility conducive of greater student retention 

and success, while informing processes aimed at increasing the number of students 

entering STEM majors (Ewell et al., 2003).   Examination of the motivations displayed in 
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science courses are broad and sometimes divergent among the groups studied.  Hong and 

Shull (2010) found students often cited poor instruction in their courses and lack of 

supportive faculty as reason STEM students discontinue their pursuit of a STEM major. 

Evidence from this study supports the idea that teacher influence is a positive 

motivational factor cited by students surveyed.   

Instruction that is informed by the findings of this study would develop student 

proficiencies through varying objectives designed to appeal to the range of motivations 

reported by students in their classes.  Given the influence a teacher possesses in the 

development of subject matter interest in students, teachers successful in engaging 

students should be identified, and their practices, and classroom management experience 

shared with other teachers (Osborne et al., 2003).  Creating learning communities where 

collaboration between teachers is constant can lead to an expansion of the capacity of 

teachers to achieve student engagement (Campbell et al., 2012).  Exercises that focused 

on solving real world problems would seem to be of interest to the majority of the 

students surveyed as a part of this study.   

Foster (2010) contended that those best suited to bring meaningful activities into 

the math and science classroom may not be teachers.  Retired non-teaching STEM 

professionals, with a wealth of real-world experience, could bring the needed expertise 

into the classroom (Foster, 2010).  The National Governors Association (2007) 

recommended changing the way K-12 STEM teachers are hired.  The report, Building a 

Science, Technology, Engineering, and Math Agenda,  speculated teacher education and 

certification programs should be modified to allow experienced STEM professionals who 
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do not have teaching credentials to gain those credentials while in the classroom 

(Toulmin & Groome, 2007).   

Tobias (1990) emphasized the need for change in introductory college coursework 

to provide better insight and encouragement to students interested in professions in 

STEM fields.  Students often choose their major early in their college career when they 

are taking introductory courses with a relatively high dropout rate, based on mastery of 

material not entirely indicative of the skills needed in the workplace (Drew, 2011; Howe 

& Burnaby, 2005; Osborne et al., 2003; Tobias, 1990).  It is the opinion of the researcher 

that workplace skills and educational objectives should merge together in classrooms of 

the future.  The NEC et al. in 2011, published the report, A Strategy for American 

Innovation: Securing Our Economic Growth and Prosperity.  This report emphasized 

educational investments and workforce training as essential building blocks for a 

workforce which creates new ideas (NEC et al., 2011). 

Increasing the participation of underrepresented groups in the STEM workforce 

requires increasing members of those underrepresented groups in the educational system 

(Atkinson & Mayo, 2010).  The President’s Council of Advisors on Science and 

Technology (2012) found women and racial minorities constitute approximately 70% of 

college students and only earn 45% of the STEM degrees.  In the 2012 President’s 

Council of Advisors on Science and Technology report, Engage to Excel: Producing One 

Million Additional College Graduates with Degrees in Science, Technology, Engineering, 

and Mathematics, women and minorities are described as encountering an academic 

culture in STEM fields that can be unwelcoming nor attuned to their needs or 

perspectives.  Underrepresentation of certain demographic groups in STEM education 
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and careers is a result of members of these demographic groups deciding not to major in 

STEM areas (Atkinson & Mayo, 2010).  Ajzen’s (1991) TPB explained this decision 

behavior by maintaining that people who are led to believe they have neither the means, 

nor the opportunities to participate in a particular activity are not likely to form the 

intentions to engage in that activity. 

Researchers conclude women and minorities have not chosen STEM education, 

not due to a lack of interest, but rather from the lack of role models to whom they can 

identify with and be mentored by (Lips & McNeill, 2009; Page et al., 2009).   Applying 

Ajzen’s (1991) theory, mentors and role models can provide the encouragement missing 

from those individuals of underrepresented STEM groups leading to individual intention 

to pursue and engage in the activity (Ajzen, 1991).  The results of this research provided 

data identifying female students majoring in biology were highly motivated, but followed 

behind males, when reporting encouraging influence from friends and family.   

Formal mentoring programs may provide needed support for underrepresented 

groups.  In a 2009 outreach effort by California Institute of Technology and City College 

of San Francisco’s Computer Networking and Information Technology (CNIT) program, 

an increase of female student participation by 12 % was recorded the first year and again 

by 15 % the second year of the initiative (Milgram, 2011).  Atkinson and Mayo (2010) 

observed,  “the goal of STEM education… should be to produce the best STEM 

graduates to fuel the innovation economy, regardless of ethnicity or socio-economic 

status” (p. 85). 
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Recommendations for Future Research 

This study was designed to gather motivation data of science student major choice 

criteria.  A review of the literature at the onset of this study revealed few studies on the 

decision-making process students employ when deciding on a college major.  One study 

focused on the success of students majoring in accounting (Tan & Laswad, 2009). 

Another investigated reasons for low retention and persistence within a group of 

engineering majors (Budny et al., 2010).  While a great deal has been written on the need 

to encourage participation in STEM academic majors, little has been published on the 

motivations leading students to major in a STEM field.   

This study was conducted through the use of a previously published 

questionnaire.  The questionnaire utilized was the Science Motivation Questionnaire II © 

2011 by Shawn M. Glynn (SMQII).  Survey questions conformed to the student 

motivation and perceived success framework by limiting their scope to those criteria 

identified as constructs of Ajzen’s (1991) TPB. The SMQII contains questions designed 

to measure a participants reliance on five motivational types:  grade motivation, career 

motivation, intrinsic motivation, self-determination, and self-efficacy. This questionnaire 

has been validated for use in research investigating the motivation of science students and 

includes specific criteria students may contemplate when deciding on an academic major 

(Glynn et al., 2011).   The following sections discuss potential alterations of this study 

with potential outcomes. 

 Research design.  The study utilized a survey designed to collect quantitative 

results from participants majoring in biology at three educational institutions in the 

midwest region of the United States.  A mixed method design would allow a future 
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researcher the ability to capture participant qualities through interviews or open-ended 

questions.  Motivational themes gleaned from the student interviews would provide 

future researchers a more detailed perspective about an individual student’s motivation.  

The use of a qualitative component could provide meaningful results outside the 

constructs of the pre-determined response choices of a quantitative survey (Fraenkel  et 

al., 2009).  A qualitative study could reveal perceptions and motivations through 

interviews of students answering open-ended questions (Fowler, 2009).   

Additionally, the researcher acknowledges the value of an expanded format for 

future studies.  Expanding the survey to include questions about student’s specific career 

intentions could provide a needed framework by which to evaluate findings.  Finally, 

future researchers should consider including an aspect of their study to include questions 

about a participants history regarding changing majors.  

As mentioned earlier, it is interesting to ponder whether students were influenced 

by the culture of the institution they attended to revere some motivational characteristics 

over others.  Alternatively, students with differing motivations may be attracted to 

different institution types.  Future researchers may consider collecting artifacts of 

institutional culture to provide insight into whether the observations made in the findings 

section can be attributed to the types of students who decide to attend the different 

institution types or if the culture of each institution has an effect on the stated motivations 

of its students.  While it would be reasonable to assume that the culture of an institution 

will affect the students attending that institution, the degree to which this cultural 

influence effects science student motivations has not been well studied (Porter & 

Umbach, 2006).   
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Population and sample.  The population of this study included students majoring 

in biology at several higher education institutions in the Midwest.  The schools were 

selected based on their location, size, science degree offerings, and their status as a 

public, private, two-year, and four-year institution.  Future studies conducted in different 

geographical areas may produce similar results, but also might show differences between 

geographical areas that could be related to socio-economic variables and the availability 

of science employment opportunities.  Additionally, surveying students at multiple 

schools within each institution type would provide a more detailed and descriptive 

analysis of students representing those institutions.  Increasing the number of 

participating institutions may lead to obtaining a larger sample.  This would eliminate 

generalizations made of each institution type based on the surveying of a singular 

location.   

This study did not capture participants representing minorities.  An effort should 

be made in future studies to target higher education institutions with larger racial 

minority student enrollment.  Increasing the number of study participants representing 

non-white races would allow meaningful insight into variations between these groups’ 

motivations.  Combining the previously mentioned qualitative focus, with better 

representation from minority groups could provide findings that better inform efforts 

increasing minority participation in STEM field.  

Exploring ways to engage groups underrepresented in STEM education was a 

stated purpose of the report, A strategy for American Innovation: Securing Our 

Economic Growth and Prosperity by the NEC et al. in 2011.  Another alteration to the 

sample could be the inclusion of other STEM majors and/or non-science majors.  In this 
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study the researcher chose to focus solely on biology majors to gain information about 

this group as a base line for future research.  Future researchers may consider expanding 

the survey to students from other STEM majors.  This could provide a comparison 

leading to specific motivations prominent in students from other STEM majors such as 

chemistry, physics, and geology.   

While this study allowed the researcher to make findings relevant to biology 

student motivation, the researcher could not regard these findings as specific to science 

majors.  Another comparison that could be made is that of rural students vs. urban 

students.  Since this study surveyed students from three institutions in southwest 

Missouri, the findings are limited based on this designation.  Expanding the study to 

include students attending higher education institutions in urban and metropolitan areas 

would allow student motivation comparisons to be made that are not possible with this 

regional study. 

 Instrumentation.  While the published questionnaire used by the researcher 

utilized a five-point scale, future research may benefit from modifying the questionnaire 

response options to a four-point scale.  Using a four-point system forces survey 

participants to a positive or negative general reaction to survey questions by eliminating 

the neutral response (Fowler, 2009).  While it was informative to the researcher to know 

when participants had a neutral position for any particular survey item, forcing 

participants toward a positive or negative response would prevent the elimination neutral 

responses and thus provide more data available to the researcher for analysis. 

Modification to the SMQII could be the addition of response items to identify a 

participant’s status as freshman, sophomore, junior, or senior.  The data gathered by such 
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response items would allow the researcher to disaggregate the data into these status 

groups allowing the comparison of motivational factors between students of different 

statuses.  Findings could illuminate, as mentioned previously, progressive changes in 

students’ motivations and motivational sources as they advance closer to graduation and 

ultimately a career.  A variation of this modification could be to administer pre-and post- 

surveys to the same group of advancing students.  A survey conducted of students 

obtaining careers in a STEM field coupled with interviews of these participants could 

provide insight to the motivations prevalent in educational environments, and how those 

motivations translate in the workplace. 

Summary 

 Improving the quantity and quality of American STEM workers in order to supply 

the demand for STEM jobs created by global competition and the desire to maintain and 

improve the United States’ standing world-wide in this field has been the focus and 

overarching reason for STEM research (Atkinson & Mayo, 2010; Carnevale et al., 2011; 

Dickman et al., 2009; NEC et al., 2011).  One mechanism for achieving these stated goals 

is to increase the number of students majoring in STEM educational fields (Dickman et 

al., 2009; Ewell et al., 2003).  A review of the literature revealed little information as to 

the aspirations and motivations of students currently pursuing a college major in STEM 

areas.  Some published studies focused on student major choice criteria in areas other 

than STEM (Malgwi et al., 2005; Tan & Laswad, 2009).  Other studies focused on 

improving retention of students by identifying stumbling blocks for student degree 

completion (Ariza, Davis, Frye, & Harmsen, 2011; Bretell & Ault, 2010; Lloyd & 

Eckhardt, 2010). 
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 In order to collect student motivation data regarding science student major choice 

criteria, an existing, published science student questionnaire, the SMQII, was used.  The 

survey used in this study was administered electronically to students from a two-year 

public college, a four-year public university, and a four-year private university.  Upon 

completion of the survey period, the results were analyzed leading to informative, new 

data about those science students’ major choice motivations.  As detailed earlier in this 

chapter, the findings revealed that science students did share high rankings of the 

motivations studied.  Differences between the highest ranked motivations for students 

attending each of the different institution types were also observed.  Disaggregated by sex 

and age of the participants reveal further differences upon which meaningful results and 

recommendations can be made.  This new information about the motivational construct 

of the studied group of science majors can be applied to the previously stated problem of 

a lack of STEM majors in the American higher education system to provide workers 

required to fill the demand of a globally STEM-competitive United States (National 

Academy of Sciences et al., 2010). 

 By feeding the motivations of science students with curriculum based in real-

world problems that meet the criteria defined by the workplace, today’s higher education 

system can start a progress towards STEM pre-eminence that could provide a foundation 

supportive of innovative, meaningful, profession-ready graduates of the future (Dickman 

et al., 2009; NRC, 2007; Saxman, Gupta, & Steinberg, 2010). 
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Appendix A 

Science Motivation Questionnaire II © 2011 by Shawn M. Glynn (Glynn et al., 2011) and 

motivational source questionnaire. 

Part A.  Science Motivation:  In order to better understand what you think and how you feel 

about your college science courses, please respond to each of the following statements from the 

perspective of ‘‘When I am in a college science course. . .’’ 

[Response scale: * Never * Rarely * Sometimes * Usually * Always] 

01. The science I learn is relevant to my life. 

02. I like to do better than other students on science tests. 

03. Learning science is interesting. 

04. Getting a good science grade is important to me. 

05. I put enough effort into learning science. 

06. I use strategies to learn science well. 

07. Learning science will help me get a good job. 

08. It is important that I get an ‘‘A’’ in science. 

09. I am confident I will do well on science tests. 

10. Knowing science will give me a career advantage. 

11. I spend a lot of time learning science. 

12. Learning science makes my life more meaningful. 

13. Understanding science will benefit me in my career. 

14. I am confident I will do well on science labs and projects. 

15. I believe I can master science knowledge and skills. 

16. I prepare well for science tests and labs. 

17. I am curious about discoveries in science. 

18. I believe I can earn a grade of ‘‘A’’ in science. 

19. I enjoy learning science. 

20. I think about the grade I will get in science. 

21. I am sure I can understand science. 

22. I study hard to learn science. 

23. My career will involve science. 

24. Scoring high on science tests and labs matters to me. 

25. I will use science problem-solving skills in my career. 

  

Part B.  Source of science major selection motivation: 

To what degree (strongly disagree, disagree, neutral, agree, strongly agree) were the following 

factors used by you when deciding to major I science?  I majored in science because... 

1. Family member(s) majored in science. 

2. Friends majored in science. 

3. A teacher motivated me to pursue a major in science 

4. I wanted to get a good job. 

5. I wanted to solve meaningful problems. 

6. I always made good grades in science 
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Appendix B 
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Appendix C 

August 1, 2013 

Dear_________________, 

This letter is requesting permission to conduct research at your institution.  The research 

is a part of my doctoral dissertation in higher education instructional leadership at 

Lindenwood University in St. Charles, Missouri.  The title of my dissertation topic is:  

Deciding on Science:  An Analysis of Higher Education Science Student Major Choice 

Criteria.  The research will involve science students at your institution completing an 

online questionnaire exploring their motivations for pursuing an academic major in the 

sciences.  

The purpose of this research is to gain an understanding of the decision-making processes 

students employ when deciding on a college major, specifically science.   

Please sign the attached permission letter and return in the enclosed envelope to approve 

this request.  Alternatively, the enclosed letter may be scanned and emailed to: 

swhite324@stlcc.edu 

If you have any questions, or would like additional information please feel free to call me 

at 417-425-0487.  Thank you for your consideration of this request. 

 

Sincerely, 

 

Stephen W. White 

Doctoral Student 
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