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ABSTRACT 

Students who initially choose STEM majors frequently switch to non-STEM 

majors.  Additionally, there are national concerns over the paucity of homegrown 

scientists, and college is a potentially critical period when many potential scientists are 

lost.  The aim of this study was to examine, over the course of a semester, the role of 

identity formation and motivation in students’ intent to leave a STEM major.  Participants 

included 363 diverse undergraduate science students enrolled in chemistry II.  Measures 

of achieved ego-identity status, competency beliefs, task values, perceived costs, interest, 

self-efficacy, chemistry II grades, and intent to leave a STEM major were given over four 

waves of data collection.  Regression analysis and cross-lagged path analysis were the 

primary analytical methods.  Results revealed that achieved ego-identity status 

significantly predicted competency beliefs, values/interest, and effort costs; however, 

achieved ego-identity status was not related to opportunity or psychological costs.  

Competency beliefs of the major was a significant predictor of chemistry II grades, and 

values and effort cost were significant predictors of intent to leave STEM.  Opportunity 

cost was only significantly related to intent to leave STEM at the end of the semester and 

psychological cost was not significantly related to students’ intent to leave STEM.  These 

results provide evidence for theorized relationships between identity formation, 

competency beliefs, task values, and perceived costs.  Furthermore, perceived cost was 

demonstrated to be a multi-dimensional construct with important implications for 

students’ intent to leave STEM. 
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CHAPTER 1 

INTRODUCTION 

 

Arguably, one of the most important decisions college students make is their 

course of study (i.e., an academic major).  Undergraduates view their academic major as 

critical to their future career, identity, and overall wellbeing (Galotti, 1999).  Deciding on 

an academic major can be difficult, and it is not uncommon for students to switch from 

their initial interest to another major.  Changing majors is especially common for students 

majoring in the natural sciences, and these students often switch from a science to a non-

science major (Daempfle, 2003; Seymour & Hewitt, 1997; Strenta, Elliot, Adair, Matier, 

& Scott, 1994).  For example, one study found that almost half of all students initially 

interested in chemistry and physics end up in a non-science major (Strenta et al., 1994).  

Given the significance of the decision to individual students, understanding how students 

decide on their major is important.  Additionally, there are broader implications 

associated with the attrition rates of science majors that extend beyond the individual 

student. 

There are national concerns over the paucity of homegrown scientists, engineers, 

and mathematicians (Committee on Prospering in the Global Economy of the 21st 

Century [COSEPUP], 2007; Committee on Underrepresented Groups and the Expansion 

of the Science and Engineering Workforce, 2010).  The need for highly skilled workers in 

science and technology jobs has grown over the last several decades.  However, the 

United States continues to lose ground to competing nations in producing qualified job 

candidates to fill those roles.  At the same time other countries continue to develop 
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science and technology talent.  A critical period when many potential scientists are lost is 

during college.  Students who decide to switch out of a science major are also likely 

opting out of a science career.  It is important to find ways to stem the loss of students 

from science, technology, engineering, and math (STEM) majors in order to continue to 

develop qualified STEM talent.   

There has been a recent call to motivate students to pursue science degrees by 

increasing their interest in science (Committee on Underrepresented Groups and the 

Expansion of the Science and Engineering Workforce, 2010).  This is sensible since 

research has demonstrated that college students commonly cite a loss of interest in 

science or new interest in another field as reasons for switching out of science to a non-

science major (Seymour & Hewitt, 1997).  Therefore, understanding students’ 

motivations for leaving a science major is important.  Furthermore, students often enter 

college with insufficient information regarding academic majors and occupations 

(Committee on Underrepresented Groups and the Expansion of the Science and 

Engineering Workforce, 2010).  Many students make commitments to a major or career 

path yet have not had the opportunity to sufficiently explore their intended field of study.  

Science students who have not sufficiently explored their field of study more often 

change majors (Seymour & Hewitt, 1997).  Thus, students’ exploration and commitment 

to their occupation and major may also be important factors related to science students’ 

decisions to switch to a non-science major.   

In sum, choosing an undergraduate major is one of the most important decisions a 

college student will make.  Furthermore, there is national concern over the ability of the 

United States to keep up with science and technology careers in our global economy 
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(COSEPUP, 2007).  Given the critical nature of the decision, the need for more 

homegrown talent in STEM fields, and the frequency of undergraduate students 

switching out of science majors, examining factors that are associated with college 

students' motivation for choosing to remain in or leave a STEM major is critical.   

In the remainder of Chapter 1, I will first clarify the meaning of switching from a 

science to a non-science major.  Next I will briefly review literature relevant to attrition 

from science majors and then present an argument for the use of particular motivation 

and identity frameworks in examining attrition from science majors.  Finally, I will 

present the research questions for the study.  It should be noted that while the focus of 

this study is on the relationships among motivation, identity formation, achievement, and 

intentions to change majors in this study, there are several additional antecedents that 

could be examined and are un-modeled variables that may predict grades and intent to 

leave STEM majors (e.g., parents, quality of high school).  However, for practical 

reasons these variables were not included in this study. 

Defining the Phenomenon 

In this study, the term science or STEM major refers to undergraduate academic 

majors that fall under the natural sciences as defined by the National Science Foundation 

(Committee on Underrepresented Groups and the Expansion of the Science and 

Engineering Workforce, 2010).  These majors are typically found in a university science 

department (e.g., biology, physics, chemistry, biochemistry, etc.).  Also included as 

science majors for the purposes of this study were majors that lead to STEM careers in 

the health professions, such as kinesiology.  Rather than examining switching majors 

within specific science domains (e.g., chemistry, biology), I examined the phenomenon at 
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a broader level.  I examined the decision to change from a science major to a non-science 

major.  For example, the intention to switch from biology (natural science) to a Spanish 

major (humanities) was examined as was intending to switch from a natural science to a 

social science (e.g., anthropology).  However, intending to switch from one natural 

science major to another was not investigated (e.g., students who switched from biology 

to chemistry or physics).  Finally, I did not examine students’ initial choice of major 

since many students who initially choose a science as a major decide to switch to a non-

science major (Seymour & Hewitt, 1997).  Thus, many students who were initially 

interested in science are lost from the STEM pipeline during the college years.  Even 

though the process by which students decide on their major initially may be important, 

students’ initial choice of major was not directly examined as an outcome variable in this 

study.  However, one of the constructs in this study (achieved ego-identity status) takes 

into account the manner in which initial commitments were made (definitions of achieved 

ego-identity status will be described in more detail below and in later chapters).  Thus, 

the primary outcome under examination in this study was the intention to switch from a 

science major to a non-science major.  However, there were cases in which a student’s 

official university status was undecided, yet their intention was to declare a science major 

in the future.  Having the intention to declare a science major was also examined.  

Finally, science major and STEM major are used interchangeably in this study.  

Choosing to Leave a Science Major 

University students make important academic choices that potentially affect their 

life paths including their initial choice of major, but also switching majors.  This may be 

especially true for students who choose to switch from a science major to a non-science 
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major since switching out of a science major would likely signal a change in occupational 

trajectory as well.  For example, a student who changes from biology to a business major 

(and abandons pursuing science coursework) likely has also abandoned the goal of 

attending medical school.  The student would not meet the requirements for application to 

medical school without completing the necessary science and math prerequisites.  First, I 

will review two illustrative studies that examine the problem of attrition from science 

majors.  Then I will discuss the usefulness of motivational theories in understanding 

academic choices.   

Examples of Empirical Findings on Science Attrition  

Rates of students migrating from science majors to non-science majors and 

students’ reasons for switching have been documented in prior research (e.g., Seymour & 

Hewitt, 1997; Strenta et al., 1994).  In the fall 1988 semester, Strenta and colleagues 

(1994) surveyed a large sample of college students (N = 5,320) from four highly selective 

universities.  Their sample of students was high achieving with the majority of 

participants graduating in the top 10% of their class and an average SAT combined score 

of 1310.  They reported that approximately 44% of the sample of undergraduate students 

initially interested in chemistry and 43% initially interested in physics ultimately majored 

in a non-science or left school all together.  Strenta and colleagues also reported 

significant gender differences between students who remained in science and students 

who switched.  Being female was related to switching to a non-science major for students 

who had an initial interest in the physical sciences (e.g., physics, chemistry).  

Furthermore, grades in college science courses, but not non-science grades, significantly 

predicted attrition from science majors.  These students perceived science courses as less 
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interesting and more competitive than humanities or social science courses.  Finally, 

Strenta and colleagues asked participants to select reasons from a predetermined list for 

switching to a non-science major.  Some examples of those results were 90% of women 

and 80% of men indicated that their reasons for switching to a non-science major were 

that other fields were more interesting.  Sixty percent of men and 71% of women 

indicated that a humanities or social science field made better use of their talents.  

Finally, 41% of men and 48% of women cited that science coursework is too difficult as 

reasons for leaving a science major.   

Seymour and Hewitt (1997) conducted a large ethnographic study with 460 

undergraduate science, math, and engineering (S.M.E.) students from 13 different 4-year 

institutions in the United States.  The participating universities varied in the level of 

prestige of their science and math departments as well as in their focus on teaching and 

research.  The research team inquired about both reasons for choosing to major in science 

and reasons for leaving science.  Like Strenta and colleagues (Strenta et al., 1994) 

Seymour and Hewitt found that the most common reason students gave for switching 

majors was a loss of interest in science.  Other examples of Seymour and Hewitt’s 

findings were that many students who switched out of science reported controlled (Deci 

& Ryan, 2000) or unexamined reasons for choosing science in the first place.  For 

example, parents and teachers often pushed students into a science major based on their 

prior achievement or a family tradition in science and mathematics.  Other students who 

switched out of a science major talked about having a lack of knowledge about science 

courses and professions.   
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Both studies, which are highly cited in the literature, serve to illustrate the high 

frequency of students leaving science majors.  These studies also illustrate that 

motivational constructs (e.g., interest) and self-constructs (e.g., conceptions of ability, 

exploration) are salient in students’ decisions to switch from a science major to a non-

science major.  Finally, results of more recent studies examining students’ reasons for 

leaving science majors are consistent with the findings by Strenta et al. (1994) and 

Seymour and Hewitt (1997), and prior research has demonstrated that even high-ability 

students frequently leave science majors (e.g., Webb, Lubinski, & Benbow, 2002). 

The Role of Motivation in Understanding Academic Choices 

A variety of motivational paradigms have been used when examining academic 

choice in STEM (Betz & Hackett, 1983; Harackiewicz et al., 2008; Koller, Baumert, & 

Schnabel, 2001; Lavigne et al., 2007; Dalgety & Coll, 2006; Sullins et al., 1995; Strenta 

et al., 1994; Pajares & Miller, 1995).  More specifically, motivational constructs such as 

interest and self-efficacy have frequently been linked to choice behavior.  For example, 

Koller, Baumert, and Schnabel (2001) found that German high school students with a 

greater interest in mathematics chose more advanced math courses.  Bong (2001b) found 

that course-specific self-efficacy and task values predicted enrollment intentions with a 

sample of 168 Korean female college students.  High self-efficacy in mathematics has 

been linked with the decision to major in science (Betz & Hackett, 1983).  Dalgety and 

Coll (2006) found that chemistry self-efficacy was related to chemistry students’ 

intentions to enroll in chemistry in the future and self-efficacy had a medium-sized effect 

(η2 = .10).  Harackiewicz et al. (2008) demonstrated that undergraduates’ situational 

interest in psychology predicted future enrollment in psychology courses (β = .13) and 
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choosing a psychology major (β = .12).  Furthermore, these effects were stronger for 

students with more psychology background knowledge (β  = .24) for psychology courses 

and for psychology major (β = .33).  Although interest and self-efficacy are important for 

understanding students’ academic choices, expectancy-value theory is a prominent 

motivational theory that was developed in its modern form to examine choice behavior 

(Eccles, 1994). 

Expectancy-Value Theory and Choice Behavior 

According to the Eccles and colleagues’ model of expectancy-value theory, 

choices are directly related to task specific expectations for success and the value placed 

on achieving success in the task or task values (Eccles & Wigfield, 2002; Wigfield, 

Tonks, & Klauda, 2009).  For example, students who do not expect to be successful in a 

science major or no longer value a science major may decide to switch to a non-science 

major.  Modern expectancy-value theory was initially developed to understand gender 

differences in the selection of math courses and math achievement (Eccles, 1983; 1994).  

Empirical research utilizing an expectancy-value framework has since been broadened to 

domains such as science, humanities, physical education, and sports (Eccles & Wigfield, 

2002).  Thus, the expectancy-value model is well suited for examining the primary 

phenomenon of interest in this study, the intent to switch from a science major to a non-

science major.  Even though expectancy-value theory is well equipped to examine the 

phenomenon of interest, I am not suggesting that this is the only useful model for 

understanding choice behavior (e.g., see Miller & Byrnes, 2001).   
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Gaps in the Expectancy-Value Model 

Although the expectancy-value model is well established as a motivational theory, 

not all aspects of the theory have been thoroughly examined in extant empirical literature.  

Many studies using an expectancy-value framework have examined relationships 

between some values (but not all) and academic choice.  Perceived cost, one of the four 

task values in the expectancy-value model, has received little attention even though it is 

hypothesized to be critical in choice behavior (Wigfield & Cambria, 2010).  Thus, 

perceived cost is in need of further study.   

Additionally, it is important to examine the role of students’ identity in the 

formation of expectations for success and task values for a chosen major.  Eccles (2009) 

recently argued for the importance of identity as an antecedent to expectancy beliefs and 

task values.  According to Eccles personal and collective identities are related to choice 

behavior in that choices are enactments of one’s identity commitments and serve to 

validate those identities.  Therefore, individuals will value those choices that align with 

salient aspects of the self (please see Chapter 2 for further discussion of personal and 

collective identities).   

While Eccles (2009) discussed the relationships between identity and expectancy-

value constructs theoretically, empirical research examining these relationships is almost 

non-existent.  Furthermore Eccles’ conception of personal and collective identity 

addresses the identity commitments individuals make (e.g., seeing oneself as one who 

helps others); however, Eccles’ conception of identity does not address the manner in 

which commitments were made.  How individuals come to their identity commitments is 

important as these processes are related to the quality of those commitments (Marcia, 
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1993).  Incorporating a model of identity formation that addresses both the identity 

commitments made and the mechanisms in which those commitments were made will 

provide a more complex understanding of how identity relates to expectancies, values, 

perceived costs, and choice behavior.  Marcia’s (1966) ego-identity status theory is one 

such model. 

According to Marcia’s (1966, 1993) model, individuals can be categorized into 

one of four ego-identity statuses (identity achievement, identity moratorium, identity 

foreclosure, and identity diffusion), which reflect the extent to which an individual has 

engaged in exploration in forming an identity and whether commitments have been made 

in identity relevant domains.  These statuses are associated with more and less adaptive 

outcomes (Marcia, 1993).  Two critical ego identity domains for college students are the 

occupational and academic domains.  There is no empirical research examining the 

interplay between college students’ ego-identity status in occupational or academic 

domains, expectations for success, task values, and academic choices, yet how these 

constructs interact is likely important in those choices.  For example, students who have 

not explored and committed to an occupational identity may not value their major in the 

same way as students who have explored and committed to an occupational identity.   

The Current Study 

In this study I examined the interplay between college science students’ 

competency beliefs about their science major (a composite of expectations for success 

and ability beliefs; see Chapter 2 for further discussion of the relationships between these 

constructs), valuing of their science major, the perceived costs of their science major, and 

achieved ego-identity status in the occupational-academic domain in understanding their 
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intent to leave science majors.  Results of this study provide a deeper understanding of 

the factors that influence students’ decisions to leave science majors since significant 

relationships between achieved ego-identity status, expectancy-value beliefs, and 

students’ intentions to remain in or leave science majors were found.  These results may 

assist career counselors, academic advisors, instructors, and administrators who work 

with undergraduate science students by illuminating important processes in students’ 

decisions to change majors.  Finally, the results of this study extend expectancy-value 

theory and research, particularly related to the unique role of perceived cost in students’ 

intentions to remain in a STEM major and the role of identity formation in students’ 

competency beliefs and valuing of a science major (Eccles, 2009).  

Four waves of data were collected from a sample of Chemistry II lab students at 

Temple University on their competency beliefs of their science major, valuing and 

perceived costs of their science major, achieved ego-identity status in the occupational-

academic domain, and intentions to switch to a non-science major in order to examine the 

importance of these constructs in attrition from science majors.  The following research 

questions were examined:  

1. What is the unique contribution of achieved ego-identity status to values, costs 

and competency beliefs after accounting for prior achievement?   

2. What are the relationships between achieved ego-identity status, values, costs, and 

competency beliefs, and course grades and intentions to leave a STEM major over 

the course of a semester?   

a. What is the unique contribution of perceived cost to Intentions to leave a 

STEM major over the course of a semester?  
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b. Do values, competency beliefs, and costs at Time 1 mediate the 

relationship between achieved ego-identity scores at Time 1 and intent to 

leave a STEM major at Time 2?  

As a roadmap through the remainder of the dissertation, I examine literature 

related to expectancy-value theory, the cross-section of identity and expectancy-value 

theory, and Marcia’s (1966) ego-identity status model in Chapter 2.  In Chapter 3, I 

describe the study methods including details about the sample, measures, and data 

analyses.  In Chapter 4 I report the final results of the data analyses.  Finally, in 

Chapter 5, I discuss the results reported in Chapter 4, provide implications for future 

research and practice, and discuss the limitations of the study.  I now turn to a 

description of the theoretical foundation of expectancy-value theory and its central 

constructs. 
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CHAPTER 2 

LITERATURE REVIEW 

 

Expectancy-Value Theory 

Broadly speaking, expectancy-value theory seeks to account for choice behavior 

and performance in achievement related tasks (Wigfield, Tonks, & Eccles, 2004).  

According to the expectancy-value model, choice behavior is directly influenced by 

individuals’ expectations for success in a task and beliefs about the value of a task or task 

values (Eccles, 1994; Eccles, 2009; Wigfield & Eccles, 2000, Wigfield et al., 2004; 

Wigfield, Tonks, & Klauda, 2009).  To illustrate the basic premise of this theory, college 

students would be more likely to choose a major in which they expect to be successful, 

where they believe they can meet all course demands of the major.  However, expecting 

to be successful is not enough.  Students must also find value in choosing the major.  For 

example, students may value the major for meeting some future goal, such as a career 

goal.  In the following sections, I will define the central constructs of the expectancy-

value model and review the theory in more detail. 

Expectations for Success 

Expectation for success is defined as individual beliefs about how well one 

expects to perform on a particular task in the future (Eccles & Wigfield, 2002; Wigfield 

et al., 2009).  Expectations for success are similar to ability beliefs, which are defined as 

individuals’ perceptions about their own ability in comparison to others in the present 

(Eccles & Wigfield, 2002).  According to Eccles and her colleagues (Wigfield et al., 

2009), ability beliefs about the self and expectations for success are theoretically distinct 
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constructs. However, these two constructs are indistinguishable in empirical studies 

(Eccles & Wigfield, 2002; Eccles & Wigfield, 1995).  For example, Eccles and Wigfield 

(1995) assessed expectations for success and ability beliefs with a sample of 742 middle 

school and high school students.  Results of a factor analysis on the scales demonstrated 

that expectations for success and ability beliefs loaded onto a single factor.  As a result, 

Eccles and Wigfield and other researchers (e.g., Buehl & Alexander, 2005; Durik et al., 

2006) have assessed expectations for success and ability beliefs together.  Therefore, this 

was the approach taken in the present study.  From this point forward I will use the 

terminology competence beliefs, used by Buehl and Alexander (2005), when referring to 

the combined measurement of expectations for success and ability beliefs to more 

accurately reflect the construct under study. 

The construct “expectations for success” is also similar to, yet distinct from, self-

efficacy, which is defined as individuals’ beliefs about how capable they are at 

performing or learning at a specified level (Schunk & Pajares, 2009).  Since they are 

closely related, expectations for success and self-efficacy have been used interchangeably 

in prior research (Bong, 2001a; Bong, 2001b; 2004; Meece, Wigfield, & Eccles, 1990).  

Both self-efficacy and expectations for success relate to beliefs about a future task; 

however, self-efficacy relates to one’s own ability whereas expectancy beliefs can also 

relate to external factors (Schunk & Pajares, 2009).  For example, a student may expect 

success in a biology course because he believes he has high ability in biology or because 

he believes the professor is an easy grader.  However, Eccles and Wigfield (2002) argue 

that expectations for success are most closely related to Bandura’s (1997) concept of 

personal efficacy expectations (Eccles & Wigfield, 2002; Schunk & Pajaras, 2009), 
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which are defined as beliefs about the ability to perform the necessary behaviors to be 

successful on a given task (Bandura, 1997; Eccles & Wigfield, 2002).  An example of 

personal efficacy expectations is the belief that one has the ability to study hard enough 

to earn an A in chemistry class.  Both competency beliefs and self-efficacy were 

measured in this study in order to establish discriminant validity between the constructs.   

In sum, according to expectancy-value theory, expectations for success refers to 

beliefs about how one will perform on a task in the future.  Moreover, according to the 

theory, this is only one piece of the puzzle in explaining performance and choice 

behavior.  It is important to also consider one’s subjective task values. 

Subjective Task Values 

The second component of the expectancy-value model is subjective task value or 

the value an individual assigns to an achievement task (Eccles, 2009; Wigfield & Eccles, 

2000, Wigfield et al., 2004; Wigfield, Tonks, & Klauda, 2009).  Broadly speaking, 

subjective task value is defined as “a quality of [a] task that contributes to the increasing 

or decreasing probability that an individual will select it” (Eccles, 2009, p. 82).  Thus, 

subjective task value is particularly important in choice behavior.  The broader task-value 

construct subsumes four subcategories of task values: 1) attainment value, 2) intrinsic 

value, 3) utility value, and 4) perceived cost (Eccles, 2009; Wigfield & Cambria, 2010; 

Wigfield & Eccles, 2000; Wigfield et al., 2004; Wigfield et al., 2009).  I will explain each 

of the subjective task values below and provide examples relevant to undergraduate 

students’ choice of major in order to illustrate each construct. 
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Attainment Value 

Attainment value is conceptualized as the importance of a task to an individual’s 

identity or central aspects of the self (Eccles, 2009; Wigfield, Tonks, & Klauda, 2009).  

From this perspective, tasks that are consistent with definitions of the self will be of 

higher attainment value.  Conversely, tasks that are inconsistent with self-definitions will 

have a lower attainment value.  This is based on several assumptions.  For example, it is 

assumed that individuals’ “seek to confirm their possession of those characteristics 

central to their self-image and both personal and collective identities” and that different 

tasks can provide opportunities for individuals to confirm those characteristics (Eccles, 

2009, p. 83).  Finally, it is assumed that tasks will be valued, in part, based on the 

consistency of the task with one’s identity.  Thus, a task will have a high attainment value 

if that task provides an opportunity to confirm salient aspects of the self (Wigfield et al., 

2009).  An example that illustrates attainment value is a student who chooses 

environmental biology as his major because the major is consistent with his identity as an 

environmentally conscious person or environmentalist.  The major would be important to 

this student beyond its usefulness in getting an environmental science job in the future. 

Intrinsic Value 

Intrinsic value is the anticipated enjoyment of a task or the level of interest one 

has in a task.  Thus, intrinsic value (sometimes referred to as interest or enjoyment value; 

cf. Eccles, 2009) carries an affective component (i.e., enjoyment).  Intrinsic value is 

conceptually similar to intrinsic motivation posited by Deci and Ryan, which is defined 

as “doing an activity for the inherent satisfaction of the activity itself” (Ryan & Deci, 

2000, p. 71; Wigfield & Cambria, 2010).  Intrinsic value also shares similarities with 
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individual interest, which is a “relatively stable affective-evaluative orientation toward 

certain domains” (Schiefele, 2009, p. 201).  An example of when intrinsic value comes 

into play is when a college student chooses chemistry as her major because she has an 

interest in chemistry and enjoys chemistry or when a student decides to take a pottery 

class because she enjoys making pottery. 

Utility Value 

Utility value relates to the usefulness of a task to an individual’s future goals.  

Utility value is conceptually similar to extrinsic motivation in self-determination theory, 

which “refers to the performance of an activity in order to attain some separable 

outcome” (Ryan & Deci, 2000, p. 71).  Utility value is distinct from attainment value in 

that it is less personally meaningful to the individual.  Thus, utility value is associated 

with achieving external outcomes related to future goals.  There is also some conceptual 

overlap between utility value and interest in that personal or individual interest contains a 

utility value component (Linnenbrink-Garcia & Fredricks, 2008; Schiefele, 2009).  An 

example of a choice motivated by utility value is when college students select a physics 

course in order to fulfill a requirement for their biology major.  They may not necessarily 

enjoy physics or believe it is an important subject; however, they may be motivated by 

the desire to achieve a goal of attaining a degree in biology or some other major that has a 

physics requirement.  

Perceived Cost 

Finally, perceived cost relates to the negative aspects of a task and can be 

conceptualized along three dimensions: 1) opportunity cost, 2) effort cost, and 3) 

psychological or emotional cost (Eccles, 2009; Eccles & Wigfield, 2002; Wigfield & 
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Cambria, 2010).  The first dimension of cost is the loss of opportunity to engage in other 

activities of interest as a consequence of making another choice (Wigfield & Eccles, 

2000).  For example, choosing biology as a major may preclude a student from enrolling 

in other courses of interest such as art.  The second dimension of perceived cost is related 

to the effort required to achieve success in a chosen task.  If a student has two courses to 

choose from, the student may choose what is perceived as the easier of the two courses 

since the easier course would likely require less effort.  This may be especially true if, for 

example, either course fulfills a requirement for the student’s chosen major and both 

courses are of equal interest.  The third possible dimension of perceived cost is 

psychological or emotional costs associated with success or failure on a task.  For 

example, the pressures associated with being admitted into medical school may result in a 

high level of anxiety for a student.  The anxiety experienced by the student may be 

perceived as a cost associated with the goal of becoming a physician.   

An individual can assign a single task value or multiple task values to a task.  For 

example, a chemistry course may have utility value for one student and the same course 

may have utility and intrinsic value for a second student.  Furthermore, the degree to 

which different individuals value an achievement task will vary (Wigfield et al., 2009).  

In other words the utility value of the chemistry course for one student may be higher 

than the utility value the course has for another student.  

According to the expectancy-value model expectancy beliefs and task values 

positively relate to each other (Eccles & Wigfield, 2002; Wigfield et al., 2009; Wigfield 

et al., 2004; Wigfield & Eccles, 2000).  Prior research has found that as children move 

through grade school into high school expectancy beliefs and task values become more 
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closely correlated suggesting children value tasks in which they expect success (see 

Wigfield et al., 2009 for a review).  Additionally, expectations for success and task values 

decline over time, from grade school into high school.  As students grow older 

comparisons between the self and other students become more salient and students’ 

ability beliefs in different domains decline (Wigfield et al., 2009).  Finally, some studies 

have found that competence beliefs predict task values, suggesting that individuals come 

to value tasks in which they perceive themselves to be skilled (Jacobs et al., 2002; 

Wigfield et al., 2009).  Now that I have elaborated the theoretical foundation of 

expectancy-value theory I turn to a review of extant empirical literature using the 

expectancy-value model. 

Expectancy-value Constructs and Academic Outcomes 

Expectancy-value theory has been applied to a variety of domains including 

academics, physical education, leisure activities, and sports (Eccles & Wigfield, 2002; 

Wigfield et al., 2009).  Researchers examining expectancy-value constructs typically use 

quantitative methods and administer surveys to assess competency beliefs, and task 

values (Wigfield et al.).  Expectancy-value constructs have been examined in both cross-

sectional and longitudinal studies with young children through adults, and several studies 

have been conducted in educational settings ranging from pre-school through college 

(Wigfield et al.).   

For the purposes of this study, I will primarily focus on studies related to choice 

behavior and achievement in academic domains since this study examines the role of 

competency beliefs (i.e., expectations for success and ability beliefs combined) and task 

values in science students’ academic choices.  I will begin with a review of studies 
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examining competency beliefs, task values, and academic choice (academic choice 

intention is the primary outcome in this study).  A review of studies examining 

relationships between expectancy-value constructs and academic achievement will 

follow.  

Academic Choice 

Several studies have demonstrated the relationships between expectancies for 

success, subjective task values, and choice behavior (Acee & Weinstein, 2010; Bong, 

2001a; Chen & Liu, 2009; Durik, Vida, & Eccles, 2006; Eccles, 1987; Luttrell et al., 

2010; Neuville, Frenay, & Bourgeois, 2007; Simpkins, Davis-Kean, & Eccles, 2006; 

Sullins, Hernandez, Fuller, & Tachiro, 1995).  While this body of work has linked both 

expectancies for success and task values with academic choices, there seems to be a 

consensus that evidence points to the greater predictive power of task values in 

explaining academic choices (Wigfield et al., 2009).   

Sullins and colleagues (1995) demonstrated that both male and female student 

values predicted future biology course enrollment intentions in a pilot study with 181 

undergraduates enrolled in biology courses.  Subjective task values were the only 

predictor of future course enrollment intentions for males yet competency beliefs and task 

values were significant predictors of enrollment intentions for female students.  

Moreover, subjective task values were the strongest predictor of future course enrollment 

intentions for females in the study.  Bong (2001b) found that task values were a stronger 

predictor of enrollment intentions than self-efficacy with female undergraduates from a 

university for women in South Korea.  The relationships between task values, self-

concept of ability (which is empirically intertwined with expectations for success) and 



 21 

choice have been demonstrated longitudinally and with younger students as well (Durik 

et al., 2006; Eccles, Vida, & Barber, 2004; Watt, 2006).   

Durik, Vida, and Eccles (2006) longitudinally examined the efficacy of task 

values and competence beliefs (i.e., self-concept of ability and expectations for success 

combined) in predicting the literacy choices of 606 high school students.  The 

independent variables included self-concept of ability, intrinsic, utility and attainment 

values.  Time spent reading for leisure, language arts course selection, and career 

aspirations served as the dependent variables.  Task values and ability self-concept were 

measured with adapted versions of items used by Eccles and Wigfield (1995).  Durik and 

colleagues used path analysis to understand the relationships between 3rd grade reading 

achievement, 4th grade motivation, 8th grade English achievement, 10th grade 

motivation and the outcome variables after controlling for parental education and gender.  

Results indicated that self-concept of ability in 4th grade predicted the courses students 

selected in 10th grade.  Tenth grade self-concept of ability predicted all three outcomes 

(courses, career, leisure reading).  Interestingly, self-concept of ability did not predict 8th 

grade English grades as would be expected.  Rather, importance value (a composite of 

attainment and utility value) in 4th grade predicted both 8th grade English achievement 

and courses selected in 10th grade.  Importance value in 10th grade also predicted career 

aspirations and courses.  Finally, intrinsic value in 4th grade predicted leisure reading in 

10th grade, and 10th grade intrinsic value predicted leisure reading and choice of courses 

in 10th grade.  These results demonstrate the usefulness of both competency beliefs and 

task values in predicting choice behavior over time. 
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Eccles, Vida, and Barber (2004) studied longitudinal predictors of college 

enrollment with a subsample of participants from a large longitudinal study, the Michigan 

Study of Adolescent Life Transitions.  Participants included 528 students who completed 

all four waves of data collection including 6th grade, 10th grade, 12th grade, and two years 

post high school graduation.  The authors collected data on a variety of variables at wave 

1 (6th grade) including demographic (e.g., mother’s educations, family income), 

motivation (e.g., task values, competence beliefs, achievement), and plans for going to 

college.  Data on course enrollment were collected in wave 2 (10th grade) and 

achievement in high school was assessed at wave 3 (12th grade).  Finally, participants 

were asked about their college enrollment status at wave 4 (2 years post-high school).  

Results of regression analyses indicated mother’s education, family income, resiliency 

(not quitting when assignments are hard), competency beliefs, GPA, and college plans 

(all at 6th grade) predicted college enrollment.  Sixth grade task values (along with 

several others variables) predicted plans for college enrollment in 6th grade, which were 

important in predicting actual college enrollment.  Thus, the results of this study illustrate 

the “long-term process of complex interactions” (p. 74) leading to the decision to enroll 

in college after high school.   

Longitudinal studies examining the relationships between expectancy-value 

constructs and academic and occupational choices have also been conducted with high 

school students.  Watt (2006) conducted a three-year longitudinal study with a sample of 

459 Australian high school students.  Participants were followed from 9th through 11th 

grades.  After controlling for prior achievement in grade 9, Watt found that math intrinsic 

value (β = .20) and self-perceptions of math ability (β = .15) in 10th grade predicted 
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senior year math course selection in 11th grade.  Math course selection in 11th grade 

significantly predicted math related career choices.  

Finally, support for the relationships between expectancy-value constructs and 

choice behavior have been demonstrated in experimental research through the 

manipulation of task values.  For example, in an experiment with 82 undergraduate 

students in an introductory statistics course for educational psychology majors, Acee and 

Weinstein (2010) manipulated subjects’ task values (attainment, utility and intrinsic) with 

a value re-appraisal (VR) intervention.  Participants in the experimental condition 

completed a series of activities that facilitated their exploration of the potential 

importance, utility, enjoyment, and costs and benefits of statistics.  Results indicated that 

statistics task values increased significantly for participants in the experimental condition; 

however, not for participants in the control condition.  Furthermore, experimental 

participants were more likely to visit two statistics websites posted on the students’ 

course website than were control participants.  However, the researchers were only able 

to study who visited the statistics website in half of the total sample and there were only 

seven students total who visited the website.   

Hulleman and colleagues (Hulleman, Godes, Hendricks, & Harackiewicz, 2010, 

Study 2) examined the direct and indirect effects of an intervention aimed at increasing 

utility value on maintained situational interest and performance with 237 undergraduates 

in an introductory psychology course.  In this study performance in the course was a 

moderator and maintained situational interest was assessed by asking students about their 

level of interest in majoring in psychology.  Results indicated that the intervention 

successfully increased participants’ utility value for the course, especially for low-
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achieving students.  Utility value was a significant predictor of interest in majoring in 

psychology in the future.  Finding a relationship between utility value and maintained 

interest is interesting since task values typically predict choice behavior (Wigfield et al, 

2009).  It is possible that the measure of maintained situational interest used by Hulleman 

was actually tapping students’ intentions for choosing a major in the future.  Although 

interest in majoring in a domain is not a direct indicator of behavior choice, studies of 

interest have demonstrated that interest is related to choice behavior (Schiefele, 2009).  

The studies cited above are illustrative of research findings that demonstrate the 

relationships between competency beliefs, task values, and choice behavior.  However, 

perceived cost was not measured in the majority of these studies (Sullins et al., 1995 was 

the exception).  Cost is rarely included in empirical studies of choice behavior using 

expectancy-value theory despite its theoretical importance (Wigfield & Cambria, 2010; 

Wigfield et al., 2009; Wigfield, Battle, Keller, & Eccles, 2002).  However, recently there 

have been a few studies that have assessed perceived cost (Battle & Wigfield, 2003; 

Buehl & Alexander, 2005; Luttrell et al., 2010).  For example, in a study that included 

cost (along with other task values) in the examination of women’s intentions to attend 

graduate school, Battle and Wigfield (2003) found that female undergraduates were less 

likely to attend graduate school when the perceived costs of attendance were high.  Buehl 

and Alexander (2005) measured cost in a study examining the relationships between 

epistemological beliefs, task performance and motivation.  However, Buehl and 

Alexander utilized a composite task values score in their analyses.  Thus the unique 

contribution of cost was unknown.   
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The role of perceived cost in academic choices is in need of further investigation.  

Examining cost more closely is especially important considering that cost is hypothesized 

to play a crucial role in choice behavior (Wigfield & Cambria, 2010).  One of the aims of 

this study is to further an understanding of the unique contribution of cost in 

undergraduate science students’ intentions to leave a science major. 

Academic Achievement 

 Prior research has demonstrated that competency beliefs, and task values predict 

academic achievement (Meece,Wigfield, & Eccles, 1990; Steinmayr & Spinath, 2007; 

Stipek & Ryan, 1997; Wigfield et al., 2009).  For example, Steinmayr and Spinath (2007) 

found that task values (attainment, utility, and intrinsic) and competence beliefs in math 

predicted math grades for both boys (β = .62 and β = .66 respectively) and girls (β = .72 

and β = .70 respectively) with a sample of 342 German high school students (M age = 

16.94).  Additionally, after controlling for general intelligence, the effect of sex on 

academic performance in math was mediated by math task values (β = .62; unfortunately, 

the proportion of variance explained is unknown since R2 figures were not reported by the 

authors).  However, Meece, Wigfield, and Eccles (1990) reported that expectancy beliefs 

predicted math grades only, while values predicted intentions to take additional math 

courses in a study with 250 7th to 9th grade students.  Stipek and Ryan (1997) found, in a 

study with 233 preschool and kindergarten children, that expectations for success in an 

art task negatively predicted scores on letter (β = –.13) and number (β = –.10) 

achievement tasks.  The authors suggest that these results may be related to very young 

children’s tendency to overestimate their abilities (Stipek, 1984; Wigfield, Tonks, & 

Klauda, 2009).  However, the negative relationship may also be explained by the fact that 
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the authors were relating expectations for success in art to number and letter achievement 

rather than expectations for success in number and letter skills to achievement in these 

domains.  Expectations for success and task values are domain specific (Cole, Bergin, & 

Whittaker 2008; Wigfield et al., 2009), which may help explain Stipek and Ryan’s 

findings. 

Even though expectations for success and ability beliefs are typically the strongest 

predictors of achievement (Meece, Wigfield, & Eccles, 1990; Wigfield et al., 2009), it 

has been demonstrated that task-values also predict academic achievement (Cole, Bergin, 

& Whittaker, 2008; Steinmayr & Spinath, 2007; Viljaranta, Lerkkanen, Poikkeus, 

Aunola, & Nurmi, 2009; Yumusak, Sungur, Cakiroglu, 2007).  For example, Viljaranta et 

al. (2009), using a longitudinal design, examined the relationships between motivation 

and achievement in math and reading with 139 kindergarten students.  Results of a cross-

lagged path analysis (i.e., the relationships between motivation and achievement over 

time) demonstrated that task motivation (i.e., intrinsic value) for math at time 1 predicted 

math achievement at time 2 and math achievement at time 1 predicted task motivation for 

math at time 2.  However, these relationships were not found for reading achievement.  

Cole, Bergin, and Whittaker (2008), in an examination of the mediational role of effort in 

the relationship between task values (excluding cost) and performance on a low-stakes 

test, found that undergraduate students who held higher task values were more effortful 

on the test which resulted in higher scores.  Furthermore, different values were 

differentially related to scores in different domains on the test.  These results illustrate the 

domain specificity of task values in predicting achievement outcomes.  
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The studies reviewed above highlight the relationships between competency 

beliefs, task values, and academic achievement.  However, most studies have been 

conducted with younger children and more research is needed with college-aged students.  

The present study used a diverse sample of undergraduate science students from a large 

urban institution to examine the relationships between identity formation, expectancy-

value constructs, academic achievement, and choice intentions.   

Predictors of Competency Beliefs and Task Values 

While the studies reviewed above served to illustrate the relationships between 

competency beliefs, task values, and achievement outcomes, there are a variety of factors 

hypothesized to shape competency beliefs and task values (see Figure 2.1; Eccles, 1994; 

Wigfield & Eccles, 2000).  Proximal predictors of expectations for success and task 

values include an individual’s self-schemata (e.g., self-concept of ability, perceptions of 

task demands, long and short-term goals), and affective memories of previous 

achievement situations (Eccles & Wigfield, 2002; Wigfield et al., 2009; Wigfield et al., 

2004; Wigfield & Eccles, 2000).  For example, students who believe they have a high 

ability in math will expect to be successful in their math courses and may come to value 

math over time (Wigfield et al., 2009).  However, self-concept of ability or ability beliefs 

and expectations for success are empirically indistinguishable (Eccles & Wigfield, 1995).  

More distal predictors of expectations for success and task values include environmental 

and individual factors such as gender roles, stereotypes, perceptions of parents’ and 

teachers’ attitudes and beliefs about the individual, and causal attributions for success or 

failure (Eccles & Wigfield, 2002; Wigfield et al., 2009; Wigfield et al., 2004; Wigfield & 

Eccles, 2000).   For example, students who attribute a poor grade on a math exam to a 
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lack of studying may still expect to be successful in their math course since they can 

control their study behavior (as long as they believe they have control over their 

studying!).  Finally, the most distal predictors of expectancy beliefs and task values 

include culture, the behavior of parents and other important socializers, previous 

achievement-related experiences, and individual aptitudes (Eccles, 2009; Eccles & 

Wigfield, 2002; Wigfield, Tonks, & Klauda, 2009; see Figure 2.1).  Students who are told 

by their parents and teachers that math is important and that they are good at math may 

come to expect success in math courses and value math.  Thus, a multitude of complex 

factors interact to shape competency beliefs and task values. 

More recently, identity constructs have been theorized as important predictors of 

competency beliefs and task values (Eccles, 2009).  However, there has been little 

attention given to these relationships in empirical studies.  I will elaborate on the 

theoretical cross-section between identity and expectancy-value theory next. 

Identity and Expectancy-Value Theory 

The links between motivational constructs and identity formation have been 

considered more closely in recent empirical and theoretical scholarship, and expectancy-

value theory is no exception (e.g., Cox & Whaley, 2004; Eccles, 2009; Kaplan & Flum, 

2010; La Guardia, 2009; Renninger, 2009;).  Eccles (2009) posited that developing 

personal and collective identities are important antecedents (and also consequences) of 

task values and expectations for success.  In Eccles model (see Figure 2.1 below) 

personal and collective identities are depicted as separate from emerging self-knowledge 

and future goals, but these identity constructs can also be thought of as overarching 

concepts that incorporate emerging self-knowledge and future goals.  While the 
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importance of identity has been discussed theoretically, there have been very few studies 

examining identity constructs within an expectancy-value framework.  One of the goals 

of this study was to empirically examine the role of identity in the relationship between 

undergraduate science students’ competency beliefs, task values, and academic outcomes.  

First, I will elaborate on Eccles’ conception of personal and collective identities and 

discuss literature that examines identity within an expectancy-value theory framework.  I 

will follow with an argument for incorporating an alternative and well-established 

identity construct in the examination of relationships between identity and expectancy-

value theory. 

Eccles’ (2009) conception of identity.  In a recent special issue of Educational 

Psychologist, Eccles argues for a view of identity development through an expectancy-

value theory lens (Eccles, 2009).  First, Eccles proposes a conception of identity in terms 

of two groups of self-perceptions.  The first includes self-perceptions about 

competencies, abilities, and personal characteristics and the second includes self-related 

perceptions of personal goals and personal values (personal values are distinct from task 

values, which are related to a task).  An individual’s self-perceptions are framed by both 

personal identities and collective/social identities.  Eccles defines personal and collective 

identities as highly valued characteristics of the self that makes one a unique individual 

(personal identity) and that tie one to salient social groups (collective/social identity).   

Eccles (2009) posits that personal and collective identities are related to choice 

behavior in that “choices are a primary mechanism through which individuals enact their 

personal and collective/social identities and thus validate their identities” (p. 79).  It 

logically follows that individuals will value those choices that align with salient aspects 
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of an individual’s identity.  Thus, personal and collective identities are closely related to 

task values.  Additionally, Eccles hypothesizes that personal identity is related to 

competency beliefs.  For example, individuals’ expectations for success on future tasks 

are influenced by a variety of factors including prior experience with similar tasks 

(Wigfield et al., 2009).  From these prior experiences individuals will have developed 

beliefs about their skills and abilities in particular domains.  These beliefs are part of their 

personal identity (Eccles, 2009).  Thus, “self” constructs such as self-concept of ability 

and self-schemata fall under the overarching umbrella of personal and collective 

identities.    

Personal and collective/social identities are posited to have a more direct 

relationship with task values than with competency and task values are also believed to 

relate to the identity formation process (Eccles, 2009).  Personal and collective identities 

are most closely related to two components of subjective task value: attainment value and 

perceived cost.  In terms of attainment value, individuals will value those activities or 

tasks most that are consistent with personal and collective identities.  For example, 

imagine a university student who views herself as highly skilled in science and as a result 

incorporates “future scientist” into her identity.  This student will likely choose to major 

in a science domain (e.g., chemistry, biology) partly because the attainment value of such 

a major would be high.  According to theory, majoring in science would be an enactment 

in the real world of her “scientist” identity (Eccles, 2009).  In other words, the major 

would be important to this student because the major validates an important or salient 

aspect of the student’s identity.  Since the major will have importance to the student in 

this respect the major will have a high attainment value. 
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On the other hand, activities and/or choices that detract from the enactment of 

specific personally important personal and collective identities will have high perceived 

costs.  Thus, for our hypothetical student, the perceived cost of switching from a science 

major to a non-science major would likely be high due to the lost opportunity to enact her 

identity as a (future) scientist.  Moreover, fear of failure in the science major may be high 

for this student, since failure would serve to disconfirm her identity as an individual who 

is highly skilled in the sciences (Eccles, 2009).   

Intrinsic and utility values may also relate to identity, though not as closely as 

attainment value and cost.  For example, for our hypothetical student, majoring in science 

will have a high utility value since a science major is required to accomplish a more distal 

career goal (e.g., becoming a pharmacist).  This future career goal will also be important 

in the enactment of her identity as a scientist.  Interest is also related to course selection 

and career choice (Schiefele, 2009; Wigfield, Battle, Keller, & Eccles, 2002); therefore, 

the student will likely enjoy many of the required science courses (i.e., the course will 

have high intrinsic value for the student).  Furthermore, individuals will often engage in 

activities that they enjoy repeatedly and as a result develop skill in that activity.  Their 

developed skill will theoretically be incorporated into their personal identity and as a 

result the activity will become important to these  individuals (Eccles, 2009).  Thus, if a 

student enjoys biology and becomes skilled in this domain, the domain may be 

incorporated into the individual’s identity (Eccles). 

To summarize, according to Eccles (2009), important behavior choices serve as 

the enactment of personal and collective identities.  These behavioral choices are most 

proximal to competency beliefs on a task and the value one assigns to that task.  
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Subjective task values in particular are closely related to personal and collective identity.  

Those tasks that are most highly valued will be most likely to be chosen (all other things 

being equal), and values will be influenced by how one defines oneself.  While the 

relationships between identity and expectancy-value constructs have been extended 

theoretically, few scholars have studied these relationships empirically.  

 

 

Figure 2.1.  Simplified Eccles and colleagues expectancy-value model (Eccles, 2009; 
Wigfield et al., 2009). 
 



 33 

 
Empirical evidence.  One of the few studies to empirically test the relationships 

between an identity construct, expectancy-value constructs, and achievement can be 

found in Sport Psychology literature.  Cox and Whaley (2004) examined the relationships 

between athlete’s identity, expectancy beliefs, task values, and persistence and effort in 

basketball.  One hundred eighty nine varsity basketball players (Mage = 16.5, 48% 

female, 48% African-American, 44% white, 7.4% Asian/other) were assessed on their 

expectations for success in basketball, subjective task value of basketball, and basketball 

identity.  Cox and Whaley assessed basketball identity with a self-definition measure, 

which “[assessed] the degree to which players see themselves as basketball players” (p. 

107).  A sample question from the survey was, “to what extent do you see yourself as a 

basketball player?” (p. 107).  Expectations for success and subjective task value were 

measured using adapted items form the Self- and Task-Perception Questionnaire (Eccles 

& Wigfield, 1995).  The researchers measured attainment, utility and intrinsic values as 

well as cost.  However, the cost subscale (drawn from Raedeke, 1997) showed poor 

reliability so it was excluded from the final analyses.  In order to measure effort and 

persistence, the athletes’ coaches completed a subscale of the Teacher Rating of 

Academic Achievement Motivation (TRAAM).  These items assessed players’ effort to 

improve basketball skills.  The authors hypothesized that basketball identity would be 

related to achievement outcomes in basketball.  They further posited that this relationship 

would be mediated by players’ expectations for success in basketball and their subjective 

task values (see Figure 2.2 below).  Structural Equation Modeling (SEM) techniques 

were used to test these effects.  The model showed a good fit to the data after removal of 

some of the items on the task value scales.  The results indicated that basketball identity 
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significantly predicted expectancy beliefs (β = .604), attainment value (β = .929), 

intrinsic value (β = .777), and utility value (β = .565).  However, expectancy beliefs were 

the only predictor of effort and persistence (β = .267). 

 

 

  

Figure 2.2. Model of relationships between identity, task values, and expectations for 
success tested by Cox and Whaley (2004).  
 

 

The above study demonstrates one way in which identity may be related to effort 

and persistence in the sports domain and provides some initial empirical evidence for the 

theoretical relationships between identity and expectancy-value constructs.  However, 

research examining these relationships is needed in the academic domain, and there were 

limitations to Cox and Whaley’s study.  For example, Cox and Whaley (2004) used only 

a single item to assess basketball identity, which is insufficient to measure a construct as 

complex as identity.  Additionally, Cox and Whaley operationalized identity as the 

degree to which a student identifies with being a basketball player (i.e., their domain 

specific self-definition; Kendzierski, Furr, & Schiavoni, 1998), which has been utilized in 
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the sports domain.  Yet, similar to Eccles’ (2009) conception of personal and collective 

identities, this conceptualization of identity only speaks to the degree to which an 

individual identifies with something (i.e., an identity commitment) and does not address 

the process by which the individual came to identify with a particular persona.  For 

example, a student’s identification as a basketball player may be anchored in his or her 

parents’ wishes for the student to excel as a basketball player.  Alternatively, a student 

may come to identify as a basketball player after exploring different sports and 

determining which sport best suits his or her interests and skills.  The self-definition 

constructs utilized by Cox and Whaley and Eccles’ personal and collective identities do 

not address these mechanisms.   

The process by which an individual has committed to a particular identity (in 

addition to the presence of an identity commitment) is important because there may be 

implications for how he or she behaves in the face of challenge or how he or she makes 

choices (Kaplan & Flum, 2010; Schwartz, 2001).  Thus, when examining the 

relationships between identity constructs and motivation constructs it is important to 

include theoretically grounded identity models that also address the mechanism by which 

an individual has arrived at a particular identity commitment (e.g. basketball player or 

science student) in addition to the content of identity commitments.  One such theory, 

which accounts for both the identity commitments students make and the mechanism by 

which the commitment was made, is Marcia’s (1966) ego-identity status model.  While 

Eccles (2009) discusses the theoretical relationships between personal and collective 

identities (i.e., commitments), there is no empirical or theoretical literature to date that 

addresses the relationships between the quality of identity commitments (i.e., the 
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mechanism by which the commitments were made) and expectancy-value constructs.  

Incorporating Marcia’s ego-identity status model will allow for the first step in examining 

these relationships. 

Marcia’s Ego-Identity Status Model 

 According to Erikson’s (1968) psychosocial stage theory of development the 

primary concern of adolescence is the development of an ego identity.  Based on 

Erikson’s conception of identity (1968), Marcia wrote, “identity formation involves a 

synthesis of childhood skills, beliefs, and identifications into a more or less coherent, 

unique whole that provides the young adult with both a sense of continuity with the past 

and a direction for the future” (Marcia, 1993, p. 3).  Because Erikson’s conception of 

identity is multi-faceted and complex (see Erikson, 1968), it is difficult to examine 

empirically (Kaplan & Flum, 2010; Marcia, 1993).  In an effort to empirically investigate 

components of Erikson’s identity formation theory, Marcia turned to “observable 

behaviors, which could serve as indicators of the presence or absence of the presumed 

underlying identity structure,” (p. 9).  It was determined that two qualities that could be 

readily observed for empirical study were identity commitments and identity exploration 

(Marcia, 1993).  As a result Marcia developed four ego-identity statuses which reflect the 

extent to which an individual has engaged in exploration in forming an identity and 

whether commitments have been made in identity relevant domains (see Table 2.1).  The 

four ego-identity statuses include identity achievement, identity moratorium, identity 

foreclosure, and identity diffusion.  Furthermore, these statuses can be observed in salient 

domains of identity formation.  Initially Marcia only considered the domains of 

occupation and ideology.  However, important domains have been expanded to include 
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politics, religion, and relationships among others.  I will explain each of the four ego-

identity statuses in further detail, but first I expand on the concepts of exploration and 

commitment from an identity formation perspective.  

Exploration and Commitment 

Commitment reflects “the selection and integration of a personal set of goals and 

[personal] values” related to a chosen identity (Kaplan & Flum, 2010, p. 56). 

Commitments are reflected in Eccles’ (2009) conception of identity in that personal and 

collective identities are the commitments individuals have made to their identity.  For 

example, college students who incorporate being a physician into their personal identity 

have committed to a particular identity in the occupational domain.  As a result these 

student will set earning a science degree as a goal (and may also personally value helping 

others).  However, this does not speak to the mechanisms leading to the students’ 

commitment to becoming a physician.  Commitments can be either conferred or self-

constructed (Marcia, 1993).  When an identity commitment is conferred it is usually done 

so by significant individuals in a person’s life, usually parents.  However if self-

exploration is the primary mechanism for forming commitments, then a self-constructed 

ego-identity status is formed (Kaplan & Flum, 2010; Marcia, 1993).  

In the ego-identity status model, exploration is defined as a process of 

information gathering, critical reflection, and examination of oneself and one’s 

environment when faced with the need to make important life choices (Grotevant, 1987; 

Kaplan & Flum, 2010).  Exploration can involve internal processes, such as self-

reflection, as well as external behaviors such as a discussion with a trusted advisor or 

conducting researching and reading relevant information (Kaplan & Flum, 2010).  
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Exploration is instigated when an individual is faced with an identity crisis1, which 

occurs when there is discontinuity between conceptions of the self and the environment 

(Bosma & Kunnen, 2001).  For example, science students who are advised to switch to a 

non-science major by their academic advisors may experience an identity crisis if they 

have committed to a STEM career.  In this case these students may react by engaging in a 

process of self-reflection and exploration or by ignoring their advisor’s suggestion and 

continuing with the science major.  The students’ reaction will depend on their style of 

dealing with identity related issues, which are related to identity status (Berzonsky, 1989; 

Kaplan & Flum, 2010).  It is possible to engage in deep personal exploration in a domain 

but lack commitment.  It is also possible to commit to an identity with limited or no 

personal exploration.  Finally, commitment to an identity after deep personal exploration 

and its opposite (i.e., no exploration and no commitment) is possible. The degree to 

which an individual has explored and committed to an identity determines his or her ego-

identity status.  Each of the identity statuses and their outcomes are discussed next. 

The Ego-Identity Statuses 

Identity Achievement 

Those who have reached identity achievement have committed to an identity in a 

particular domain after a period of self-exploration (see Table 2.1; Marcia, 1993).  

Identity achieved individuals have self-constructed identities since they have arrived at 

identity commitments via a period of in-depth self-exploration (Kaplan & Flum, 2010).  

Identity achievement is considered the most mature level of ego-identity development 

(Kunnen, Sappa, van Geert, & Bonica, 2008; Marcia, 1993) and is related to a variety of 

                                                
1 Exploration was initially referred to as crisis by Marcia, which reflected Erikson’s 
terminology (Marcia, 1993). 
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positive outcomes (Kunnen et al., 2008; Schwartz, 2001; Waterman, 2007).  Generally, 

identity achieved individuals report higher levels of wellbeing (Waterman, 2007) and this 

status has also been associated with effectiveness in making decisions (Schwartz, 2001).  

The achieved ego-identity status is illustrated in college students who have chosen their 

major based on deep exploration of their skills, interests, and personal values and have 

committed to a particular academic path as a result.  These students would hypothetically 

be the least likely to change majors since firm commitments would have been made after 

deep exploration of their identity in the occupational and academic domains.  

Furthermore, as a result, they should have clear perceived task values of their major, and 

the perceived cost of their choice should be low. 

Moratorium 

The identity moratorium status is signified by active engagement in the identity 

exploration process and is distinct from identity achievement in that the individual has 

yet to commit to a particular identity.  This status is often associated with a period of 

anxiety; however, it is also the path to a self-constructed identity (i.e., identity 

achievement; Kaplan & Flum, 2010; Schwartz, 2001).  Prior research has demonstrated 

that the moratorium status is negatively related to psychological wellbeing (Waterman, 

2007).  Individuals in the moratorium status are expected to move to identity achievement 

if commitments are made; however, they may regress to identity diffusion if they are 

unable to make identity commitments (Marcia, 2002).  It is hypothesized that individuals 

can cycle through periods of identity achievement and moratorium as they adjust to 

changing life circumstances and reevaluate their commitments (Stephen, Fraser, & 
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Marcia, 1992).  Furthermore, evidence suggests individuals can remain in the moratorium 

status for long periods of time (Kunnen et al., 2008).   

The moratorium status is exemplified in the occupational domain by 

undergraduates who are unsure about their career path and are actively exploring their 

options by talking with confidants, thinking about their own interests, personal values, 

and goals, and accessing support services such as a college career center.  These students 

may switch majors if their initial choice of major was a means for exploring different 

domains of interest or they commit to an occupational identity that is incongruent with 

their current major.  Furthermore, their perceived task values associated with their major 

may be weaker since they have yet to make firm commitments. 

Foreclosure 

High levels of commitment in the absence of personal exploration mark identity 

foreclosure.  Commitments for these individuals are dictated by important others (usually 

parents) and are often based on childhood identifications that have not been explored 

(Kaplan & Flum, 2010; Schwartz, 2001).  This status is thought to be less adaptive than 

identity achievement or moratorium.  Identity foreclosure is associated with rigidity in 

thought (Kaplan & Flum, 2010; Marcia, 1993).  Furthermore, these individuals are 

typically psychologically dependent on their parents (Kaplan & Flum, 2010)2.   

Student with this identity status in the occupational domain may be less likely to 

change majors; however, their personal values may be anchored by their parents’ values.  

                                                
2 It is posited that there exist subtypes of foreclosure including developmental foreclosers 
and firm foreclosers (Bosma & Kunnen, 2001).  Developmentally foreclosed individuals 
have made commitments and have yet to experience an identity crisis leading to 
exploration. Firm foreclosed individuals are very rigid in their commitments and will 
resist exploration even when identity issues arise (Kunnen et al., 2008).  Thus, the 
foreclosed status is complex.   
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These students may have been told from a young age that they are going to pursue a 

particular occupation in STEM (e.g., a pharmacist) and major in science, which was 

never questioned.  They would be less likely to change majors but may be more 

susceptible to anxiety in the face of challenges, such as a poor grade in a science course.  

Thus, there may be a higher perceived cost associated with a science major for these 

students in terms of the anxiety associated with the pressures of meeting the standards of 

others. 

Diffusion 

Finally, individuals in identity diffusion have not engaged in meaningful 

exploration and have not committed to an identity.  Diffusion is considered the least 

mature in ego-identity development (Marcia, 1993).  Some would describe these 

individuals as indifferent or disinterested and diffuse individuals more often make 

decisions based on what is popular among peers (Kaplan & Flum, 2010; Schwartz, 2001).  

Identity diffusion is also negatively associated with various measures of wellbeing 

(Waterman, 2007).  Identity diffused individuals can move into the foreclosed status if 

they make commitments without first exploring.  They can also move into the 

moratorium status if they begin the process of exploration in the face of an identity crisis 

(Marcia, 1993)3.  

Undergraduates with this identity status in the occupation or academic domain 

may be likely to change majors.  An example would be students who choose to major in 

nursing because they heard that it is a “hot” field.  However, this decision would have 

been made in the absence of deep exploration into their own skills, personal values, and 

                                                
3 As with the foreclosure status, it is hypothesized that there are developmental and firm 
subtypes of identity diffusion (Kunnen et al., 2008; Marcia, 1989).   
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goals and they may be likely to jump to the next “hot field” in the face of challenge (e.g., 

bad grades).  The subjective task values of the major for these individuals may be weak 

since they do not have clear commitments. 

Ego-identity Status and Academic Outcomes 

Ego-identity status may have implications for students’ choice of major, but 

research supporting this claim is scarce (Wigfield & Wagner, 2005).  However, there are 

a few studies addressing the relationships between ego-identity status and academic 

outcomes.  In a validation study, Waterman and Waterman (1972) found that engineering 

students in moratorium were far more likely to change majors than students in other 

statuses.  Berzonsky (1985) also examined relations between ego-identity status and 

academic outcomes.  The results of his study with high school and college-aged students 

revealed unanticipated results.  Diffuse students were expected to show the most 

maladaptive outcomes, yet were overachievers among the college students.  Identity 

foreclosed high school students showed high achievement, yet those in college were 

lower achievers.  These findings emphasize that the relationships between ego-identity 

status and academic achievement is not straightforward (Wigfield & Wagner, 2005).   

Later, Berzonsky and Kuk (2000) examined the relationships between ego-

identity status (and also processing styles) and measures of adjustment to college with a 

sample of college freshman (N = 363).  Their results demonstrated that identity 

achievement positively predicted educational purpose (a construct linked to career 

exploration and planning as well as effective study habits) while the moratorium and 

diffuse status negatively predicted educational purpose.  Furthermore, the identity 

diffusion status negatively predicted academic autonomy.  Lounsbury, Huffstetler, 
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Leong, and Gibson (2005) found that Sense of Identity, which is highly correlated with 

measures of achieved ego-identity status (r = .80), positively predicted GPA with a 

sample of 434 freshman psychology students.  The results of these studies provide 

evidence for the relationship between ego-identity status and academic outcomes; 

however, additional research is needed examining the empirical relationships between 

ego-identity, motivation, and academic outcomes. 

It is important to note that the ego-identity statuses described above represent 

individual processes and do not take into account contextual factors associated with 

identity development (Côté & Schwartz, 2002).  Furthermore, identity formation is 

theorized to occur in a variety of domains such as occupation, relationships, politics, and 

religion; however, identities do not necessarily develop simultaneously in each domain 

(Goosens, 2001; Kunnen et al., 2008; Marcia, 1993).  For example, a college student may 

be in moratorium with regard to the career domain, yet be identity achieved with regard 

to religion.  It is important to examine identity formation in domains that are expected to 

be salient to individuals in their particular stage in life, and the primary concern of 

college students is the occupational and academic domains (Goosens, 2001).  Since 

college students were used in this study, ego-identity status was assessed in the 

occupational and academic domains. 

Occupational Ego-identity Status, Expectancy-Value Theory, and Academic Choice 

College is considered an institutional moratorium where students are meant to 

explore their identities (Waterman, 1999).  Arguably the most salient identity domain for 

college students is the occupational domain (Goosens, 2001).  Students’ career 

commitments can determine a student’s college major, especially in science, medical, and 
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engineering fields where the links between coursework and career are more closely 

associated (e.g., a student must take a variety of science prerequisites in order to attend 

medical school).  Prior research with undergraduate science students lends support to this 

assertion.  Webb, Lubinski, and Benbow (2002) reported that 72% of male science 

students and 62% of female science students were in science related occupations post-

graduation.  I am making the assumption in the present study that, on average, when 

college students have clear occupational goals they will also have clearer academic goals 

compared to college students who are uncertain about their occupational trajectories.  In 

this sense occupational ego-identity status should be related to one’s choice of major.  

Also, choice of major will likely have identity-forming implications for students (Eccles, 

2009; Marcia, 1980).  For example, choosing a major in biology may lead to a 

commitment to a science career, especially for a student in occupational moratorium.   

Occupational ego-identity status, competency beliefs and task values are likely 

related (see Table 2.1).  Eccles (2009) posits that personal and collective identities will be 

directly related to task values.  However, personal and collective identities only address 

the commitment dimension of ego-identity status.  Task values predict behavioral 

choices, and behavioral choices are enactments of identity commitments (Eccles).  It is 

also important to take into account the mechanism by which identity commitments are 

made (Marcia, 1993).  For example, identity-achieved and foreclosed students in the 

occupational domain may have made the same occupational identity commitment; 

however, their commitments would have been made through different processes.  The 

ego-identity achieved students would have made their commitment after a period of self-

exploration, and the ego-identity foreclosed students would have made their commitment 
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based on normative standards of others (Marcia, 1993).  Thus, the occupationally ego-

identity achieved students’ commitments are self-constructed while the ego-identity 

foreclosed students’ commitments are conferred.  Thus, different ego-identity statuses 

may have different relationships with competency beliefs, task values and cost.  For 

example, individuals who are ego-identity achieved in the occupational domain may 

assign higher attainment and utility values related to their major relative to moratorium 

status students since ego-identity achieved students would have committed to an 

occupational ego-identity based on exploration of their goals, personal values, and 

abilities.  However, the students in moratorium would not have made any firm 

commitments.  Thus, the attainment value assigned to their major may be lower.   

Occupationally diffuse students may not value their major and may associate higher 

perceived costs with their science courses since these students would not have engaged in 

meaningful exploration or made commitments related to their occupational ego-identity.   
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Table 2.1 

Occupational Ego-Identity Statuses and Potential Outcomes Related to Task Values and 
Switching Majors. 
 Commitment 

Exploration  High Low 

High 

Status 

 

Achievement 

 

Moratorium 

Potential outcomes Less likely to switch majors; 

clear sense perceived values of 

major 

May be more likely to switch 

majors; perceived values of 

major may be weaker; path to 

identity achievement 

Low 

Status 

 

Foreclosure 

 

Diffuse 

Potential outcomes Less likely to switch majors; 

may perceive high costs due to 

anxiety 

More likely to switch majors; 

perceived values of major may 

be weaker 

 
 

One of the major goals of this study was to examine the role of ego-identity status 

in predicting competency beliefs, values, and perceived costs.  I assessed ego-identity 

status in both the occupational and academic domains since exploration and commitment 

in these domains are likely intertwined.  For example, students undoubtedly consider 

occupational paths of interest when deciding on an academic major.  Furthermore, the 

achieved ego-identity status was the focus of this study since the achieved ego-identity 

status is considered most adaptive (Marcia, 1993).   
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Hypotheses 

Based on the theories and literature reviewed above, the following hypotheses can 

be made with regard to the major research questions of this study (see research questions 

in Chapter 1).  First, achieved ego-identity will positively predict competency beliefs and 

task values for a science major, and negatively predict costs associated with a science 

major.  Achieved ego-identity status will significantly predict competency beliefs, values, 

and costs above and beyond prior achievement.  Students who score higher on the 

achieved ego-identity status scale should also value their major more and have a better 

sense of their skills and abilities.  Thus, these students would have likely made a better 

initial choice when deciding on a science major and may be more likely to intend to 

remain in the major.   

Second, competency beliefs, values, and costs at time 1 will predict academic 

achievement and intent to leave STEM at Time 2.  Chemistry II course grades and 

students’ intent to leave STEM at Time 2 will predict changes in competency beliefs, 

values, and costs at Time 3.  Finally, competency beliefs, values, and costs at Time 3 will 

predict achievement and intent to leave STEM at the end of the semester.  Furthermore, 

based on theory and prior research, competency beliefs will be a stronger predictor of 

grades relative to values and costs.  Values and costs will be a stronger predictor of intent 

to leave STEM relative to competency beliefs. 

Third, perceived cost will be a unique positive predictor of intent to leave a 

STEM major above and beyond competency beliefs and values.  Though there are few 

studies, prior research on perceived cost demonstrated that perceived cost predicts choice 

intentions above and beyond values and competency beliefs (Battle & Wigfield, 2003).  I 
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am hypothesizing that the findings here will be consistent with prior research and theory.  

I make no predictions about the different strengths of effects of different kinds of costs 

(e.g., opportunity, effort, psychological) on intentions to leave a STEM major.  

Fourth, with regard to whether competency beliefs, values, and costs at Time 1 

mediate the relationship between achieved ego-identity scores at Time 1 and intent to 

leave a STEM major at Time 2, I am hypothesizing that competency beliefs, values, and 

costs will fully mediate the relationship between achieved ego-identity status and intent 

to leave a STEM major.  According to Eccles, Wigfield, and their colleagues  choice 

behavior is most closely related to individuals’ expectations for success/competency 

beliefs and task values related to a task (Eccles, 1994; Eccles, 2009; Wigfield & Eccles, 

2000, Wigfield et al., 2004; Wigfield, Tonks, & Klauda, 2009).  Thus, I am hypothesizing 

that the findings here will remain consistent with theory, and that the effect of achieved 

ego-identity status on intent to leave STEM will be mediated by competency beliefs, 

values and cost. 

In chapter 3 I will discuss the methods for the study.  First, I will discuss the 

research design.  This will be followed by a description of the participants, measures and 

data collection procedures.  Finally, I will describe the data analyses used to examine the 

primary research questions. 
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CHAPTER 3 

 METHOD 

 

This study was designed to examine the role of competency beliefs (i.e., 

expectations for success and ability self-concept together), subjective task values and 

achieved occupational-academic ego-identity status in undergraduate science students’ 

intentions to switch from a STEM major to a non-STEM major (see Chapter 2 for 

specific definitions of the constructs under examination).  Furthermore, I sought to extend 

expectancy-value research and theory by examining the unique contribution of students’ 

perceived cost of a STEM major in students’ intentions to switch to a non-STEM major, 

and an examination of the relationships among achieved ego-identity status, competency 

beliefs, and subjective task values and costs.  To this end, I examined the following 

research questions: 1) what is the unique contribution of achieved ego-identity status to 

values, costs and competency beliefs after accounting for prior achievement?  2) what are 

the relationships between achieved ego-identity status, values, costs, and competency 

beliefs, and course grades and intentions to leave a STEM major over the course of a 

semester?  2a) what is the unique contribution of perceived cost to intent to leave a 

STEM major over the course of a semester? 2b) Do values, competency beliefs, and costs 

at Time 1 mediate the relationship between achieved ego-identity scores at Time 1 and 

intent to leave a STEM major at Time 2?  

In order to establish discriminant validity among the constructs, I collected data on 

students’ self-efficacy for their science major as well as interest in their science major.  

As noted in Chapter 2, self-efficacy and interest are closely related to competency beliefs 
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and task values respectively and it is important to account for other factors that may 

influence the outcomes under study.  Finally, I assessed students’ attributions for success 

and failure in their science major to account for changes in competency beliefs over the 

course of a semester. 

Research Design 

I used a single semester longitudinal design for this study.  Surveys were 

administered online in four waves—over a 15-week semester—to undergraduate students 

in a chemistry II course at Temple University, a large, urban, public university in the 

northeastern United States.  Changes in competency beliefs and values may occur 

throughout a semester after students gain experience in a course and receive performance 

feedback.  Collecting four waves of data afforded me the opportunity to examine how 

competency beliefs and values at the beginning of the semester affect academic 

performance and the intent to switch to a non-STEM major in the middle of a semester.  I 

was then able to examine how competency beliefs and task values changed after students 

received performance feedback and how that change in competency beliefs and task 

values affected grades and the intent to switch to a non-STEM major at the end of the 

semester.  Fewer waves of data collection may have limited the ability to examine intra-

semester changes in competency beliefs and task values and how these changes affected 

the dependent variables. 

The General Chemistry II Course 

Participants for this study were undergraduate science students recruited from the 

CHEM 1034 General Chemistry II Lab course in the College of Science and Technology 

(CST) at Temple University.  CHEM 1034 is a 1-credit chemistry laboratory course and 
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is a co-requisite with CHEM 1032 General Chemistry II, a lecture course. Students must 

first past General Chemistry I with a C– or better and pass pre-requisite math courses to 

be permitted to take the General Chemistry II course.  There was a total enrollment of 

506 students in the Chemistry II Lab course at the end of the Spring 2011 semester, and 

364 of these students participated in this study (approximately 72%).  Prior to carrying 

out the study, I received a letter of commitment from the labs coordinator in the College 

of Science and Technology granting access to the Chemistry II Lab students and agreeing 

to award extra credit in exchange for their participation. 

Both the General Chemistry II lab and General Chemistry II lecture courses were 

designed for science majors and are required courses for chemistry, biology, 

biochemistry, biophysics, environmental science, and neuroscience (within the College of 

Science and Technology) majors.  These courses are also required for anyone interested 

in completing the requirements for a pre-professional track (e.g., medicine, pharmacy, 

dentistry, physical therapy, etc.).  Therefore, the vast majority of the students enrolled in 

the General Chemistry II Lab course was also simultaneously enrolled in the General 

Chemistry II lecture course and were science majors or intended to declare a science 

major.  Some students had a declared major in a non-science domain but were taking the 

course as part of the requirements for completing a pre-professional science track.  

Finally, General Chemistry II is required for post-baccalaureate students enrolled in the 

pre-medicine program and these students were represented in the sample as well; 

however, post-baccalaureates comprised a very small proportion of the sample (see 

Participants section below).  
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Participants 

Participants in the study included 364 students from the Chemistry II lab course at 

Temple University.  However, one participant was dropped from the analyses since 

screening of the data revealed this participant’s scores were multivariate outliers.  Thus, 

data from a total of 363 participants were used in all analyses. 

Characteristics of the Sample 

Students in the sample ranged from 18 – 40 years of age (Mage = 19.50 years, SD 

= 2.35).  Seventy percent of the students were 18 – 19 years of age (median = 19 years; 

mode = 19 years).  The majority of the sample was female (58% female) and one student 

did not respond to the item asking to identify his or her sex.   

School Year 

In terms of the participants’ year in school, 62% were freshman, 21% were 

sophomores, 11% were Juniors, 4% were Seniors, 1% were post-baccalaureate students 

(n = 4), and less than 1% did not respond (see Table 3.1 below).  Thus, as expected, the 

majority of students in the sample (84%) were in their freshman or sophomore year of 

college.   

Ethnic and Racial Characteristics 

The ethnic/racial make up of the sample was 45% Caucasian, 24% Asian, 11% 

African American, 10% Indian Subcontinent (e.g., India, Pakistan, Bangladesh, Nepal), 

3% Middle Eastern, 1% Hispanic/Latino, and 2% other.  The remaining 5% of the sample 

identified as being mixed races/ethnicities (e.g., Caucasian and Latino) or did not respond 

to this item (see Table 3.1 below). 
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Parents’/Guardians’ Education 

The educational attainment of the participants’ parents or guardians was collected 

as a proxy for socioeconomic status.  In terms of their mother’s (or female guardian’s) 

highest educational degree, 33% of participants reported that their mother had received a 

bachelor’s degree, 21% reported that their mother had graduated from high school, 21% 

reported that their mother had completed some college, 15% reported that their mother 

had earned up to a graduate degree, and 9% reported that their mother had not graduated 

from high school (see Table 3.1 below).   

In terms of their father’s (or male guardian’s) highest educational degree, 25% 

reported that their father had earned a graduate degree, 25% of participants reported that 

their father had completed a bachelor’s degree, 22% reported that their fathers had some 

college but no degree, 21% reported that their father had graduated from high school, 7% 

reported that their father had not graduated from high school (see Table 3.1 below).   

Educational Aspirations of Sample 

Participants also reported their educational aspirations.  Students responded to an 

item asking them to indicate the highest degree that they planned to earn.  In response to 

this item, half of the students (50%) responded that they planned on earning a 

professional degree (e.g., MD, DPharm, DDS, etc.), 31% responded that their educational 

goal was to earn a doctorate degree (e.g., Ph.D, Ed.D., etc.), 13% planned to earn a 

master’s degree, 4% planned on earning no more than a bachelor’s degree.  Interestingly, 

1% of the participants indicated that they planned on completing only some college (see 

Table 3.1 below).  Thus, the vast majority of students in the sample intended on earning a 
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graduate degree (81%) and half of all students in the sample aim to earn a professional 

degree (e.g., MD, DPharm, DDS, etc.). 

 

Table 3.1 

Percentages of Sex, Year in School, Race/ethnicity, Parents’ Education, and Educational 

Aspirations of the Sample  

Category n Percentage of sample 

Sex   

Female 211 58% 

Male 152 42% 

No Response 1 <1% 

Year in College   

Freshman 226 62% 

Sophomore 78 21% 

Junior 39 11% 

Senior 16 4% 

Post-baccalaureate 4 1% 

No response 1 <1% 
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Table 3.1 Continued 

Category n Percentage of sample 

Race   

Caucasian 164 45% 

Asian 87 24% 

African American 39 11% 

Indian subcontinent  35 10% 

Middle Eastern 9 3% 

Latino 5 1% 

Other 7 2% 

Mixed race/ethnicity 16 5% 

No response 2 <1% 
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Table 3.1 Continued 

Category n Percentage of sample 

Mother’s Education   

Did not graduate from HS 31 9% 

Graduated from HS 78 21% 

Some college/Community college 77 21% 

Bachelor’s degree 121 33% 

Graduate degree 56 15% 

No response 1 <1% 

Father’s Education   

Did not graduate from high school 24 7% 

Graduated from high school 78 21% 

Some college/ Community college 81 22% 

Bachelor’s degree 89 25% 

Graduate degree 91 25% 

No response 1 <1% 
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Table 3.1 Continued 

Category n Percentage of sample 

Educational Aspirations   

Some college 5 1% 

Bachelor’s degree 15 4% 

Master’s degree 48 13% 

Professional degree 

(e.g., MD, DPharm, 

DDS, etc.) 

183 50% 

Doctorate degree 

(e.g., PhD, EdD) 
112 31% 

 

Prior Achievement 

Finally, with participants’ consent, indicators of past performance including their 

General Chemistry I grades—a prerequisite for General Chemistry II—and their SAT 

quantitative and SAT verbal scores were collected from institutional records (see Table 

3.2).  Letter grades in the Chemistry I lecture course were converted to numeric values 

based on the university’s grading system (e.g., A = 4.00, A- = 3.67, B+ = 3.33, etc.).  The 

mean grade for General Chemistry I was a B (M = 3.03, SD = .74).  As expected, there 

were no students who earned less than a C- in their Chemistry I course since these 

students would not have been permitted to enroll in General Chemistry II.  On average 

students in the sample had SAT verbal scores just above 500 (M = 538.54, SD = 82.54) 

and SAT quantitative scores close to 600 (M = 592.20, SD = 74.66). 
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Table 3.2 

Descriptive Results for Prior Achievement Variables  

 n M SD Range 

Chemistry I Grade 332 3.03 .74 1.67 – 4.00 

SAT Quantitative 322 592.20 74.68 400 – 770 

SAT Verbal 322 538.54 82.54 330 – 800 

Note. For students chemistry I grade, A = 4.00, A- = 3.67, B+ = 3.33, B 3.0, B- 2.67, C+ 
= 2.33, C= 2.00, C- = 1.67 

 

Measures and Materials 

 I administered eight measures to assess undergraduate science students’ 

competency beliefs for a science major, task values for a science major (including costs), 

self-efficacy for a science major, interest in a science major, attributions for 

success/failure in a science major, ego-identity status in the occupational-academic 

domains, intent to leave a STEM major, and demographics.  The majority of measures 

were existing measures used in extant research, some of which were adapted specifically 

for undergraduate science majors.  Each of the measures and scoring procedures for the 

measures are described below.  Additionally, previously obtained reliability and validity 

are reported for previously used measures where applicable.  Reliability and validity with 

the current sample are reported in Chapter 4. 

Competency Beliefs 

I adapted the five expectations for success and ability beliefs items used by Eccles 

and colleagues (Eccles & Wigfield, 1995) to assess competency beliefs in math for the 

competency beliefs scale in this study (see Appendix A).  These items were originally 



 59 

part of a larger 29-item scale, the Self- and Task-Perception Questionnaire.  With a 

sample of 742 adolescents in the 5th through 12th grades, exploratory and confirmatory 

factor analyses of the items in the Self- and Task-Perception Questionnaire by Eccles and 

Wigfield (1995) resulted in a 19-item scale after some items were dropped.  The 

questions from this 19-item scale have been used and adapted in several studies 

examining expectancy-value constructs (e.g. Buehl & Alexander, 2005; Durik et al., 

2006).  Table 3.3 includes the total number of items on this scale and the expected time to 

complete the scale.  Although expectations for success and ability beliefs are theoretically 

distinct, empirical research has demonstrated that these two constructs are 

indistinguishable (Eccles & Wigfield, 1995).  Therefore, consistent with prior research 

(e.g., Eccles & Wigfield; Buehl & Alexander; Durik et al.), all items assessing both 

expectations for success and ability beliefs were used.  From this point forward the scale 

measuring both expectations for success and ability beliefs will be referred to as the 

competency beliefs scale.  Permission to adapt and use the expectations for success and 

ability beliefs scale from the Self- and Task-Perception Questionnaire (i.e., competency 

beliefs scale) was granted by Allan Wigfield. 

The competency beliefs survey items utilized by Eccles and Wigfield (1995) were 

originally designed to measure expectations for success and ability beliefs in mathematics 

with middle school to high school students.  I adapted these items for college-level 

science students.  Since the primary dependent variable of this study is the intent to leave 

a STEM major—and not the intent to switch from chemistry to some other major—I 

decided that the unit of analysis for these items should be a science major more generally 

as opposed to chemistry specifically.  For example, the question, “How well do you think 
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you will do in your math course this year?” was changed to “How well do you think you 

will do in your science major (or science track if not a major) this semester?”  I included 

the term science track to account for students who did not fit neatly into a science major.  

For example, students who intend to apply to pharmacy school may not have an officially 

declared major; however, they consider themselves pre-pharmacy and intend to apply to 

pharmacy school (i.e., they are on a science track without having an official science 

major).  A detailed explanation about the intended meaning of “science track” was 

included in the survey instructions to students (see Appendix A).  Finally, the 

competency beliefs items included an open-ended question asking if the participant had a 

particular course or courses in mind when responding to the competency beliefs items.  

However, analyses of these responses are not included in this study. 

The original Eccles and Wigfield (1995) items used a Likert-type response scale 

ranging from 1–7.  However, a midrange option such as neutral or undecided potentially 

“confounds possible uncertainty about item meaning” of the attribute (Clark & Watson, 

1995, p. 313).  To avoid this potential issue I altered the 1 – 7 scale to a 1 – 6 Likert-type 

response scale; however, the items were anchored with the same options4.  For example, 

in the original scale, 1 indicated very poorly and 7 indicated very well for question 

number two.  In the adapted questionnaire for this study a score of 1 remained the same; 

however, a score of 6 was the maximum and was labeled very well.  Finally, labels were 

added to each of the numbers to clarify the meaning of each of the scale options (see 

Appendix A). 

                                                
4 I consulted with Allan Wigfield about changing the scale from a 1–7 scale to a 1–6 
scale. 
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Scoring 

The competency beliefs scale included five items on a 1–6 Likert-type response 

scale.  Higher ratings on an item indicated greater competency beliefs in a science major.  

Ratings on the five competency belief items were averaged to create a competency 

beliefs score with higher scores indicating greater competency beliefs for a science 

major.  The minimum and maximum values a participant could score on this scale, after 

averaging, were 1 and 6 respectively.  

Reliability and Validity in Prior Research 

Using confirmatory factor analysis (CFA), with a sample of 742 fifth to twelfth 

grade students, Eccles and Wigfield (1995) found that the expectations for success and 

ability belief items loaded on a single factor and were combined to create a single 

expectancy/ability beliefs scale.  The expectancy/ability beliefs items demonstrated very 

good internal consistency reliability.  In their study, Eccles and Wigfield reported a 

Cronbach’s alpha of .92 for these items with their sample of middle school through high 

school students.  The internal consistency reliability of these items has been demonstrated 

with college students as well.  In a study with 482 undergraduate college students, Buehl 

and Alexander (2005) adapted the Eccles and Wigfield expectancy/ability beliefs items 

for college aged students in history and math in a similar fashion to how the items were 

adapted for this study.  They reported Cronbach’s alpha coefficients of α = .96 and α = 

.97 for history and mathematics respectively on their adapted scales.  Using the Eccles 

and Wigfield (1995) expectations for success and ability beliefs items with a sample of 

606 high school students, Durik et al. (2006) reported competency beliefs (i.e., 

expectations for success and ability beliefs together) about reading in 10th grade were 
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significantly correlated with a composite of attainment and utility value (r = .55, p < .01) 

for reading and reading intrinsic value (r = .67 p < .01) in 10th grade.  Competency beliefs 

about reading in 10th grade also significantly correlated with parent education (r = .12, p 

< .05), reading for leisure (r = .26, p < .01), the number of language arts course selected 

(r = .19, p < .01), and language arts career aspirations (r = .15, p < .05).  

Task Values 

Attainment, Intrinsic, and Utility Values 

Seven items assessing three mathematics task values (attainment, intrinsic, and 

utility) used by Eccles and Wigfield (1995) with middle school and high school students 

(N = 742) were used for this study (see Appendix A Beliefs and Values Scale).  These 

items were originally part of a larger 29-item scale, the Self- and Task-Perception 

Questionnaire.  Exploratory and confirmatory factor analyses of the items in the Self- and 

Task-Perception Questionnaire by Eccles and Wigfield (1995) resulted in a 19-item scale 

after some items were dropped.  The items in the final 19-item scale have been used and 

adapted in several studies examining expectancy-value constructs (e.g. Buehl & 

Alexander, 2005; Durik et al., 2006).  Table 3.3 includes the total number of items on this 

scale and the time to complete the items.  Since the aim of this study was to assess 

students’ task values for a science major more broadly, rather than chemistry specifically, 

I adapted the seven task value items for college science students.  I received permission 

to use and adapt the task values items from Allan Wigfield.  

The Eccles and Wigfield (1995) items used a 7-point Likert-type response scale 

that I changed to a 6-point Likert-type response scale for this study (as with the 

competency beliefs items).  The same anchors used by Eccles and Wigfield were used 
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here.  Participants were also asked if they had a particular course or courses in mind 

when responding to the task values items; however, analyses of these data were not 

included in this study.  

Attainment value.  Three items were used to assess attainment value and were 

adapted for college science students.  For example, one item that read “I feel that, to me, 

being good at solving problems which involve math or reasoning mathematically is (1–

not at all important, 7–very important)” was changed to “I feel that, to me, being good at 

solving problems which involve science or reasoning scientifically is (1–not at all 

important, 6–very important).”   

Intrinsic value.  Two items were used to assess intrinsic value and were adapted 

for college science students.  For example, the original item “In general, I find working 

on math assignments (1–very boring, 7–very interesting)” was changed to “In general, I 

find working on assignments/studying for my science major (1–very boring, 6–very 

interesting).”   

Utility value.  Two items were used to assess utility value and were adapted for 

college science students.  For example, the original item “How useful is learning 

advanced high school math for what you want to do after you graduate and go to work? 

(1–not very useful, 7–very useful)” was changed to “How useful is your science major  

(or science track) for what you want to do after you graduate and go to work? (1–not very 

useful, 6–very useful).”   

Scoring 

The task values scale (attainment, intrinsic, and utility values items only) included 

seven items on a 1–6 Likert-type response scale.  Higher ratings on each item indicated 
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greater valuing of a science major (or science track).  The ratings on items on each 

subscale (attainment, intrinsic, and utility) were averaged to create a total valuing score 

for each of the task value subscales with higher scores indicating greater attainment, 

intrinsic, or utility value for a science major.  The minimum and maximum scores a 

participant could obtain were 1 and 6 respectively on each of the three subscales. 

Reliability and Validity in Prior Research 

The subjective task value items (attainment, utility, and intrinsic) used by Eccles 

and Wigfield (1995) demonstrated acceptable internal consistency reliability.  In their 

study, Eccles and Wigfield reported Cronbach’s alpha coefficients of α = .76, α = .70, 

and α = .62 for the intrinsic, attainment, and utility value items respectively with a 

sample of 742 fifth to twelfth grade students.  Using confirmatory factor analysis (CFA) 

with the same sample, Eccles and Wigfield demonstrated the subjective task value items 

loaded on three unique factors (i.e., attainment value, intrinsic value, and utility value) as 

expected from theory.  The internal consistency reliability of adapted versions of the 

subjective task value items has been reported with undergraduates as well.  In a study 

with 482 undergraduate college students, Buehl and Alexander (2005) adapted the Eccles 

and Wigfield (1995) subjective task value items for history and math in a similar fashion 

to how the items were adapted for this study.  They reported Cronbach’s alpha 

coefficients of α = .96 and α = .95 for composite task value scores for mathematics and 

history respectively.  However, the composite subjective task value scores included a 

measure of cost.  Using the Eccles and Wigfield expectations for success and ability 

beliefs items with a sample of 606 high school students, Durik et al. (2006) reported a 

composite of attainment and utility value for reading in 10th grade and reading intrinsic 
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value in 10th grade were significantly and moderately correlated with 10th grade 

competency beliefs (r = .55, p < .01 and r = .67 p < .01 respectively).  The attainment and 

utility value composite and reading intrinsic value in 10th grade were also significantly 

correlated with reading for leisure (r = .11, p < .01 and r = .22, p < .01 respectively) and 

the number of language arts course selected (r = .20, p < .01 and r = .18, p < .01 

respectively), however these correlations were small.  Finally, attainment/utility value in 

10th grade had a small but significant correlation with language arts related career 

aspirations (r = .22, p < .01).  

Perceived Cost 

 Perceived cost was measured using 20 of the 24 items in Battle and Wigfield’s 

(2004) Value of Education scale (VOE; I received permission to use and adapt the cost 

items from the VOE from Ann Battle).  The four dropped items were excluded due to 

their lack of relevance for the aims of the current study (e.g., one of the questions asked, 

“Having a graduate degree would not be worth it if I had a hard time meeting men who 

were comfortable with highly educated women.”).  The original items in the VOE were 

written to assess the perceived costs associated with female college students’ enrollment 

intentions in graduate school.  I adapted Battle and Wigfield’s original items for college 

science students (see Appendix A).  For example, the original item, “When I think about 

all the work required to get through graduate school, I’m not sure that getting a graduate 

degree is going to be worth it in the end” was changed to, “When I think about the hard 

work needed to get through my science major (or science track), I am not sure that 

getting a science degree is going to be worth it in the end.”  Furthermore, I changed the 

wording of five of the items that were dropped from the original VOE scale to improve 
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their functionality.  For example, the item, “Having a graduate degree would be worth it 

even if having it costs me some treasured friendships” was changed to “I’m concerned 

my science major (or science track) may cost me some treasured friendships.”  Changing 

the wording of the item in this way allows for the participant to respond to a present 

concern rather than a hypothetical concern.  Finally, the original cost items were designed 

to tap three different dimensions of cost: effort cost, opportunity cost, psychological cost.  

These subscales were retained for this study.  All of the items on the original VOE 

measure use a Likert-type response scale ranging from 1 strongly agree to 5 strongly 

disagree.  For this study, I used a 1–6 response scale—using the same anchors as Battle 

and Wigfield—to remain consistent with the competency beliefs and other task-value 

items.  Finally, participants were also asked if they had a particular course or courses in 

mind when responding to the cost items, however analyses of these data were not 

included in this study.   All of the adapted cost items can be found in Appendix A.  Table 

3.3 includes the total number of items on this scale and the approximate time to complete 

the items. 

Scoring 

The perceived cost measure included 20 items on a 6-point Likert-type response 

scale ranging from 1 strongly disagree to 6 strongly agree.  Two items (number 17 and 

22) were reversed scored so that higher ratings indicated a higher perceived cost on the 

all of the items.  Ratings of items on each of the cost subscales (opportunity, 

psychological, and effort) were averaged to create a cost score for each of the three cost 

subscales.  The minimum and maximum scores a participant could obtain on each of the 

cost subscales were 1 and 6 respectively.   
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Reliability and Validity in Prior Research 

In Battle and Wigfield’s (2004) study with 216 female undergraduate college 

students, an exploratory factor analysis of the VOE scale resulted in a unique cost factor.  

However, only 11 of the original 24 cost items were retained (items 1–3, 6, 8, and 11–16; 

see Appendix C).  The Cronbach’s alpha coefficient of the 11 items was α = .85.  In a 

study with 482 male and female undergraduate college students, Buehl and Alexander 

(2005) adapted the Battle and Wigfield (2004) cost items for history and math in a similar 

fashion to how Battle and Wigfield’s cost items were adapted for this study.  They 

reported Cronbach’s alpha coefficients of α = .96 and α = .95 for composite task value 

scores for mathematics and history respectively.  However, these composite scores also 

included the other three task values (i.e., attainment, utility and intrinsic values).  Taken 

together these results demonstrate good internal consistency reliability of the cost items 

with undergraduate college students.  Battle and Wigfield reported significant negative 

correlations between cost and intrinsic value (r = –.547), attainment value (r = –.409), 

and utility value (r = –.396).  I administered all 20 cost items (excluding the four non-

applicable items) in Battle and Wigfield’s VOE measure and conducted an exploratory 

factor analysis in order to determine the scale’s factor structure with this sample of 

students.  Results of this analysis are reported below in the Factor Analysis section. 

Self-efficacy 

Five items were adapted from the academic efficacy scale in the Patterns of 

Adaptive Learning Scales (PALS; Midgley, 1998) to assess self-efficacy in a science 

major for this study.  The original academic efficacy items were designed to measure 

academic efficacy in class generally and the items could be applied to any domain (e.g., 
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math, science, English).  I adapted these items to assess self-efficacy in a science major 

since the unit of analysis of the primary dependent variable in this study is the intent to 

leave a STEM major (rather than the decision to leave a specific domain like biology or 

chemistry).  For example, the item “I'm certain I can master the skills taught in class this 

year” was reworded, “I am certain I can master the skills taught in my science major (or 

science related track if not a major).”  All of the original PALS items are on a 5-point 

Likert-type response scale with not at all true and very true as the anchors.  As with the 

other measures described previously, I used a 6-point Likert-type response scale with the 

same anchors as in the PALS.  Thus, a score of 1 indicates not at all true and a score of 6 

indicates very true.  All of the adapted self-efficacy items can be found in Appendix B.  I 

received permission to use and adapt the PALS self-efficacy items from Michael 

Middleton.  Table 3.3 includes the total number of items on this scale and the 

approximate time to complete the items.   

Scoring 

The self-efficacy measure included five items on a 6-point Likert-type response 

scale ranging from 1 not at all true to 6 very true.  A higher rating on an item indicated 

greater self-efficacy for a science major.  Ratings on the self-efficacy items were 

averaged to create a total self-efficacy score. The minimum and maximum values a 

participant could obtain, after averaging, were 1 and 6 respectively. 

Reliability and Validity in Prior Research 

Prior research with elementary to middle school students demonstrated an internal 

consistency reliability of α = .78 (Midgley et al., 2000).  A study with 6th grade students 

examining self-efficacy in school generally using the PALS items reported a Cronbach’s 



 69 

alpha of .82 (Ryan, Gheen, & Midgley, 1998).  The correlation between academic self-

efficacy and gender was r = -.13, indicating boys were more efficacious in school than 

girls.  Reliability analyses were carried out in this study to determine the internal 

consistency reliability with this sample of students.  Results of these analyses are reported 

in Chapter 4. 

Interest 

Harackiewicz et al. (2000) developed 10 items to assess college students’ 

situational interest in psychology.  These items were adapted for this study to assess 

interest in a college science major.  For example, the item “I think what we are learning 

in this class is interesting” was reworded, “I think what I’m learning in my science major 

is interesting.”  All of the original interest items are on a 7-point Likert-type response 

scale with strongly disagree and strongly agree as the anchors.  As with the other 

measures described above, a 6-point Likert-type response scale was used with the same 

labels used in the original interest items.  Thus, a score of 1 indicates strongly disagree 

and a score of 6 indicates strongly agree for this study.  All of the adapted interest items 

can be found in Appendix C.  I received permission to use and adapt the interest items 

from Judith Harackiewicz.  Table 3.3 includes the total number of items on this scale and 

the approximate time to complete the items. 

Scoring 

The interest measure included 10 items on a 6-point Likert-type response scale 

ranging from 1 strongly disagree to 6 strongly agree. Item number 6 on the interest scale 

was reverse scored so that a higher on each of the items indicated greater interest in a 

college science major.  Ratings on the interest items were averaged to create an interest 
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score.  After averaging, the minimum and maximum values a participant could score in 

this scale were 1 and 6 respectively. 

Reliability and Validity in Prior Research 

In a study with 648 introductory psychology students Harackiewicz et al. (2000) 

reported an internal consistency reliability of α = .93 for the 10 interest items.  

Furthermore, interest in psychology was significantly correlated with enjoyment of 

psychology classes (r = .58), initial (r = .14) and mid-semester (r = .31) expectations for 

success in psychology, psychology final course grade (r = .26), and selection of future 

psychology courses (r = .27). 

Attributions for Success 

In order to assess attributions for success or failure I administered the Revised 

Causal Dimension Scale (CDSII; McAuley, Duncan, & Russell, 1992).  For the CDSII 

participants are asked to provide a causal attribution for some task.  This is an open-

ended question, therefore the participant can provide any response and the measure can 

be adapted to any achievement situation (McAuley et al., 1992).  The participant is then 

asked to code his or her response based on 12 items measuring 1) locus of causality, 2) 

locus of control, 3) personal control, and 4) stability of the attribution made in the open-

ended question.  Each of the 12 items is on a 1 – 9 scale.  Only the stable attributions 

scale were analzyed for this study.  An example item on the stable attributions scale 

reads, “Is the cause(s) something: 1 = Stable over time to 9 = Variable over time.”  The 

scale was adapted to a 1 – 8 scale to avoid having a middle response as described in 

previous scales above.  Thus, in the example above a score of 8 = Stable over time rather 

than 9.  
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In order to understand the attributions students make for their performance in a 

science major (or track) in general the participants were asked the following open-ended 

question: “What do you believe is the cause(s) of your performance in your science major 

(or science track) so far this semester?”  Participants then self-reported their current 

estimated Chemistry II lecture grade and the score they received on their most recent 

Chemistry II lecture exam. The adapted stable attributions items can be found in 

Appendix D. 

Scoring 

The stable attributions subscale of the CDSII consists of 3 items on an 8-point 

Likert-type response scale with anchors at each end (see Appendix D).  Higher ratings on 

the stable attributions items reflected a greater perception of stability of attributions.  

Ratings on each of the items on the stable attributions were summed to create a stable 

attributions score. Total scores ranged from 3 to 27.   

Reliability and Validity in Prior Research 

 Across four experimental and non-experimental studies with college 

undergraduate students (Study 1 N = 144; Study 2 N = 55; Study 3 N = 81; Study 4 N = 

116), McAuley et al. (1992) found average internal consistency reliability coefficients of 

α = .82 for the external control subscale, α = .79 for the personal control subscale, α = .67 

for the stable attributions subscale, and α = .67 for the causality subscale.  Furthermore, 

using confirmatory factor analysis techniques using scores of participants across all four 

studies combined, McAuley and colleagues found a four-factor model provided an 

excellent fit to the data.  Correlations among the subscales were as expected by theory.  

Personal control had a positive and strong significant correlation with locus of causality 
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(r = .711, p < .05) and a moderate negative correlation with external control (r = –.558, p 

< .05) and stable attributions (r = –.328, p < .05).  Stable attributions had a small but 

significant positive correlation with external control (r = .156, p < .05).  Finally, locus of 

causality had a significant negative correlation with external control (r = –.646, p < .05).  

These correlations demonstrate acceptable reliability and validity of the CDSII. 

Occupational-Academic Ego-identity Status 

Occupational Ego-identity Status 

Occupational ego-identity status was measured using the eight occupational ego-

identity status items from the second version of the Revised Objective Measure of Ego 

Identity Status (EOMEIS–2 Revised; Bennion & Adams, 1986).  Although ego-identity 

status can be assessed using interview methods, questionnaire methods are ideal when 

assessing large samples (Marcia, 1993).  The questionnaire and scoring manual for the 

EOMEIS–2 were available for download on Gerald Adams’ homepage.  I received 

permission to use the occupational items from the EOMEIS2 from Gerald Adams.   

The EOMEIS–2 is a 64-item questionnaire designed to measures Marcia’s (1966) 

ego-identity statuses globally across two dimensions: ideological and interpersonal.  The 

ideological dimension assesses the identity status of domains including occupational, 

political, religious, and personal philosophy.  The interpersonal dimension assesses ego-

identity status in domains presumed to be associated with interpersonal identification 

including dating, friendship, sex roles, and recreational activities (Bennion & Adams, 

1986).  The items pertaining to the occupational domain from the ideological dimension 

were used for this study.  Even though the EOMEIS–2 was designed as a global measure, 

there is a precedent in prior research for assessing only select domains with the 
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EOMEIS–2 (Bergh & Erling, 2005; Lee, Miller, & Chang, 2006; Solomontos-Kountouri 

& Hurry, 2008).  Furthermore, it is wise to assess ego-identity status only in domains 

relevant to the research questions under examination (Goossens, 2001).  Since 

occupational ego-identity status is relevant for this study, and after consulting with 

Gerald Adams, I used only the occupational domain items from the EOMEIS–2.   

There are two items each designed to assess one of four possible ego-identity 

statuses (achieved, moratorium, foreclosure, and diffusion) in each domain.  Thus, there 

are a total of eight occupational ego-identity status items (two questions for each ego-

identity status subscale).  However, only the two achieved ego-identity status items were 

analyzed in this study.  The two achieved ego-identity status items read, “It took me a 

while to figure it out, but now I really know what I want for a career” and “It took me a 

long time to decide, but now I know for sure what direction to move in for a career.”  All 

items on the EOMEIS–2 are on a 6-point Likert-type response scale ranging from 1 

strongly agree to 6 strongly disagree.  However, the anchors in the scale were reversed 

for consistency with the other measures.  For this study, a score of 1 corresponded with 

strongly disagree and a score of 6 corresponded with strongly agree.  Finally, I added an 

open-ended question asking the following, “If you’ve personally committed to a career 

path (even if you are not currently working toward that career path), what career path 

have you personally committed to?”  Since the occupational ego-identity status items are 

general in nature (i.e., a student may have decided to be an artist, yet have not ventured 

down that path) students can identify which career path, if any, they were thinking about 

at the time when responding to the Occupational Identity items.   
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Academic ego-identity status.  Items assessing academic ego-identity status were 

adapted from the occupational ego-identity status items used in the Revised Objective 

measure of Ego Identity Status (EOMEIS–2 Revised; Bennion & Adams, 1986).  For 

example, the occupational item, “I haven’t chosen the occupation I really want to get 

into, and I’m just working at what is available until something better comes along” was 

changed to “I haven’t chosen the major I really want to get into, and I’m just working at 

what is available until something better comes along.” As with the occupational items, 

two items each were designed to tap one of four ego-identity statuses on each subscale: 

achieved, moratorium, foreclosure, and diffusion.  However, for the purposes of this 

study, only the two achieved ego-identity status items were analyzed.  The two adapted 

achieved academic ego-identity status items can be found in Appendix E.  All items were 

on a 6-point Likert-type response scale ranging from 1 strongly disagree to 6 strongly 

agree.  Finally, I added an open-ended question asking the following, “If you’re 

personally committed to a major (even if it is not currently your official major), what 

major have you personally committed to?”  Since the academic ego-identity status items 

are general in nature (i.e., a student may have decided to be an artist, yet have not 

ventured down that path) students can identify which academic path, if any, they were 

thinking about when responding to the academic ego-identity status items.  Table 3.3 

includes the total number of items on this scale and the approximate time to complete the 

items. 

Reliability and Validity in Prior Research 

The EOMEIS–2 has demonstrated marginal reliability and validity with college 

students (Bennion & Adams, 1986).  Internal consistency reliabilities (Cronbach’s alpha) 
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for each of the subscales on the ideological section of the measure, which includes 

occupational identity, were .62, .75, .75, and .62 for identity achievement, moratorium, 

foreclosure, and diffusion respectively with a sample of 106 undergraduate psychology 

students.  The reliability coefficients for the ego-identity subscales were only marginal, 

however these subscales included several identity domains.  Examining a more narrow 

set of identity domains may provide better reliability.  

In order to provide evidence for the construct validity of the EOMEIS–2, Bennion 

and Adams (1986) calculated correlations among the sub-scales.  Achieved ego-identity 

status was significantly negatively correlated with the diffuse (r = –.34) and moratorium 

(r = –.41) statuses and was uncorrelated with foreclosure.  Foreclosure was positively 

correlated with diffusion (r = .22), as expected; however, diffusion was also positively 

correlated with moratorium (r = .71).  Taken together these findings provide evidence for 

the discriminant validity of the interpersonal sub-scale of the measure; however, as 

Bennion and Adams note, the diffuse and moratorium statuses are distinct constructs yet 

they overlap (Bennion & Adams, 1986).   

Bennion and Adams (1986) have also examined the concurrent validity of the 

questionnaire by calculating correlations between the subscales of the EOMEIS–2 and 

subscales on Rosenthal’s identity measure (Rosenthal, Gurney, & Moore, 1981).  Results 

of the correlation analyses demonstrated the concurrent validity of the EOMEIS–2 

(Bennion & Adams, 1986).  Achieved ego-identity status was significantly correlated 

with Identity (r = .38), Intimacy (r = .33), and Rigidity (r = .32) on the Rosenthal scale.  

Moratorium was negatively correlated with Self-acceptance (r = –.28), Intimacy (r = –

.29), and Identity (r = –.50).  Identity diffusion was significantly negatively correlated 
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with Intimacy (r = –.36), Identity (r = –.44), and Submissive (r = –.16) subscales on the 

Rosenthal measure.  Finally, foreclosure was significantly negatively correlated with 

Intimacy (r = –.30), Identity (r = –.17) and significantly positively correlated with 

Authoritarian (r = .33) on the Rosenthal scale.  Since the correlations found were 

consistent with hypothesized relationships between the ego-identity statuses and other 

personality constructs (Bennion & Adams, 1986), these results support the concurrent 

validity of the EOMEIS–2.   

Scoring 

The occupational and academic achieved ego-identity status scales together 

included four items.  Each of the items was on a 6-point, Likert-type response scale.  

Based on results from exploratory factor analyses (described below), the occupational 

and academic identity achievement scales were combined to create a single occupational-

academic achieved ego-identity status scale.  The four items were averaged to create an 

achieved ego-identity status score in the occupational-academic domain. The minimum 

and maximum scores a participant could obtain on this scale, after averaging, were 1 and 

6 respectively.   

Intent to Leave a STEM Major 

Intent to leave a STEM major was assessed with six Likert-type response scale 

items.  Questionnaire methodologies have been used previously in studies of students’ 

future enrollment intentions (e.g., Battle & Wigfield, 2004, Bong 2001b).  I developed 

six items since this measure was not established in the research literature and I wanted to 

be sure to obtain good reliability.  Additionally, multiple questions avoid many of the 

problems associated with single-item measures.  An example item reads, “At the present 
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time, I am likely to switch to (or select if you have not declared a major) a major that is 

NOT in a science, engineering, technology, or math field or leave my science related 

track.”  All items were on a 1–6 scale with strongly disagree and strongly agree as the 

respective anchors (see Appendix F).  Finally, to control for the possibility that asking 

students about their intentions to switch majors may be a catalyst for switching to a non-

science major, I asked the following open-ended questions: “Have you considered 

switching majors before?  If yes, when and why?”  At Time 2, 48% of participants 

responded that they had not thought about switching majors before and 20% responded 

that they had thought about switching before.  The remaining 42% of students did not 

respond.  One student responded that she had not thought about switching “until now;” 

however, the student did not provide a reason.  Table 3.3 includes the total number of 

items on this scale and the approximate time to complete the items. 

Scoring 

The intent to leave a STEM major scale included six items on a 6-point Liker-type 

response scale.  The six items were averaged to create a single “intent to leave STEM” 

score.  Items 2, 5, and 6 were reversed scored so that higher scores indicated an intent to 

leave a STEM major on all of the items.  After averaging, the minimum and maximum 

possible scores on this scale were 1 and 6 respectively. 

Demographics Questionnaire 

A demographics questionnaire was also included among the substantive measures.  

Questions asking about students’ age, race/ethnicity, sex, and parent education were 

included in the questionnaire.  Furthermore, students were asked to provide their self-

reported quantitative and verbal SAT scores, General Chemistry I course grade (I also 
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requested permission from students to release SAT scores and course grades from their 

records on the informed consent form), current or intended major, career goal, lecture 

section, and educational aspirations (i.e., highest degree intended to complete).  The 

demographics questionnaire can be found in Appendix G.  Table 3.3 includes the total 

number of items on this questionnaire and the approximate time to complete the items. 

 

Table 3.3 

Number of Items on Each Scale and Approximate Time to Complete Each Scale 

Scale No. of items Approx. time to complete 

Demographics questionnaire 11 3 minutes 

Competency beliefs 6 3 minutes 

Task values (Attainment, Intrinsic, Utility) 8 3 minutes 

Cost 22 4 minutes 

Self-efficacy 5 3 minutes 

Interest 10 6 minutes 

Attributions for success/failure 15 10 minutes 

Ego-identity status 8 6 minutes 

Intent to leave a STEM major 7 5 minute 
Note.  Time estimates are based on prior research with this population of students (Cromley et al., 2010). 

 

Factor Analyses 

I conducted two factor analyses using exploratory factor analysis techniques, 

including: 1) a factor analysis of participant responses to the competency beliefs and task 

value items, including the cost items, 2) an exploratory factor analysis of participant 

responses to the occupational and academic achieved ego-identity status items.  I used 

principal axis factoring and direct oblimin rotation in all three analyses since the factors 
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within each analysis were assumed correlated.  When factors are assumed correlated, 

oblimin rotation is recommended (Henson & Roberts, 2006).  Moreover, principal axis 

factoring was used (rather than principal components analysis) since principal axis 

factoring takes into account measurement error when estimating the number of factors 

(Thompson, 2004).  These analyses and their results are detailed below. 

Competency Beliefs, Values, and Costs 

I analyzed the factor structure of the competency beliefs, values and costs items 

with exploratory factor analysis using principal axis factoring and direct oblimin rotation.  

I used an exploratory approach rather than a confirmatory approach for two reasons.  

First, while the costs items have been used in prior research (Battle & Wigfield, 2004), 

these items are not well established in extant literature.  Second, and most importantly, I 

would not have had enough power, given the sample size, to detect significant paths in a 

confirmatory model.  Choice of the number of factors was based on eigenvalues greater 

than 1.00 and factor loadings below .30 were suppressed.   

An initial Exploratory Factor Analysis (EFA) resulted in a seven-factor model 

based on the eigenvalue greater than 1 criterion.  However, the two items that loaded on 

factor 7 also loaded on other factors, and factor 6 was only two items and explained a 

small percentage of the variance.  These results in combination with inspection of the 

scree plot suggested a five-factor solution.  Therefore, the EFA was repeated based on a 

five-factor solution.  The items in the five factor solution loaded, for the most part, in 

theoretically expected ways including a 1) competency beliefs factor, 2) a positive values 

factor—including attainment, intrinsic, and utility value, 3) an opportunity costs factor, 4) 

a psychological costs (i.e., fear of failure), and 5) an effort costs factor.  However, two 
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items did not load on any of the factors (Cost question 18 and attainment value question 

3) and one item loaded highly on two factors (cost question 11).  As a result, these three 

items were dropped.  When the items were re-analyzed after dropping the poorly 

performing items, the five-factor solution remained the same.  See Table 3.4 for the final 

factor solution. 
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Table 3.4 

Pattern Matrix from EFA for Competency Beliefs, Values and Costs Items 

Factor No. Item on Beliefs and 
Values Scale 1 2 3 4 5 
Effort Cost      

19 .635     

18 .609     

16 .576     

20 .535     

27 .420     

17 .364     

25 .348    -.347 

33      

10      

Competency beliefs      

5  .830    

2  .810    

6  .757    

4  .744    

3  .719    

26  -.501  -.406  

Values      

12   -.670   

11   -.667   

14   -.616   

13   -.530   

8   -.394   

9   -.377   

Note. Only loadings of .30 or greater are shown. 
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Table 3.4 Continued 
 

Factor No.     
Item 

1 2 3 4 5 
Psychological Cost      

29    -.611  

28    -.551  

31    -.496  

30    -.450  

Opportunity Cost      

24     -.864 

32     -.857 

34     -.659 

35     -.604 

21     -.507 

22     -.505 

23 .307    -.315 

Note. Only loadings of .30 or greater are shown. 
 

Occupational and Academic Achieved Ego-identity Status 

I analyzed the factor structure of the occupational and academic achieved ego-

identity status items with an exploratory factor analysis using principal axis factoring and 

direct oblimin rotation.  I used an exploratory approach rather than a confirmatory 

approach since the academic achieved ego-identity items were developed for the 

purposes of this study and are not established in extant research.  Choice of the number of 

factors was based on eigenvalues greater than 1.00 and factor loadings below .30 were 

suppressed.  EFA results revealed a single factor for the occupational and academic 

achieved ego-identity status items.  Factors loadings were high for each of the four items 

and .789 – .852.  Therefore, a single achieved ego-identity status score was used in all 
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analyses for the study.  The total achieved ego-identity status score was calculated by 

taking the mean of the scores on the four occupational and academic achieved ego-

identity status items. 

Procedure 

Recruitment and Data Collection 

Participants were recruited via in-person announcements during lab orientation 

meetings for all 29 General Chemistry II lab sections in the second week of the Spring 

2011 semester.  During recruitment the purpose of the study was explained to the 

students and they were informed that extra credit would be awarded to those who decided 

to participate.  The students were also notified that participation was voluntary and their 

decision to participate (or not) would not adversely affect their course grade in any way.  

Finally, students were informed that responses to any and all survey items would be kept 

in the strictest confidence.  Ten extra credit points were awarded to students in the 

General Chemistry II lab course by the chemistry lab coordinator in exchange for 

students’ participation.  An alternative extra credit assignment requiring equal time and 

effort—written and administered by the lab coordinator—was available to students who 

did not wish to participate in the study.  Students were asked to schedule an appointment 

in the university’s Career Center computer lab in order to complete the first set of 

measures on-line via a study-specific Blackboard™ course for the first wave of data 

collection.  Participants were informed during recruitment that the Career Center is only 

the data collection site and is not affiliated with the study in any way.   

Wave 1 data collection occurred the third and fourth weeks of the spring semester.  

The second wave of data collection was conducted approximately one week after the 
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students’ first major exam (week 5 of the semester), after they received their exam 

grades.  Wave 3 of data collection occurred eight weeks into the semester (just beyond 

the midpoint of the semester), which was approximately one week after the completion of 

the students’ third major Chemistry II lecture exam.  Finally, wave 4 of data collection 

occurred approximately two weeks before final exams (13th week of the semester).  Table 

3.5 provides a summary of measures collected at each wave of data collection. 

 

Table 3.5 

Timing of Data Collection in Spring 2011 

 
Time 1 

(N = 364) 

Time 2 

(N = 347) 

Time 3 

(N = 348) 

Time 4 

(N = 343) 

When 
 

Week 2 
 

Post exam 1 Post exam 3 2 weeks pre-finals 

Where 
 

Computer lab Time and place 
convenient to 

participant 
 

Time and place 
convenient to 

participant 
 

Time and place 
convenient to 

participant 
 

Measures 
 

 

 

Informed Consent 
 
 

Demographics 
 
 

Competency 
Beliefs 

 
 

Task Values 
 

Self-efficacy 
 

Interest 
 

Ego-identity 
Status 

Current Grade 
 
 

Attributions for 
success/failure 

 
Intent to leave a 

STEM major 

Competency 
Beliefs 

 
Task Values 

 
 

Interest 
 
 
 

Self-efficacy 

Current Grade 
 
 

Intent to leave a 
STEM major 

 
Ego-identity Status 

Note. Ego-identity Status was measured at time 4, however this measure was not included in this study. 
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In the first wave of data collection (N = 364), participants were scheduled in 

groups of approximately eight and each participant was given access to a windows based 

personal computer.  Participants signed a paper informed consent form prior to 

completing self-paced questionnaires designed to assess task values for their science 

major or track (including costs), competency beliefs in their science major or track, self-

efficacy for their science major or track, interest in their science major or track, and 

occupational-academic ego-identity status in addition to a demographics form.  Each 

participant was provided a unique participant number to protect his or her confidentiality 

on downloaded answers.  Students were required to come to an in-person appointment for 

the first wave of data collection for two primary reasons.  First, students needed to sign 

the informed consent form.  Second, prior research experience with this population 

suggested building rapport with the students would increase response rates (Cromley et 

al., 2010).  In the remaining three waves of data collection, participants completed all 

measures from home or from any computer with Internet access.  Participants were able 

to complete all of the measures in approximately 10 minutes in each of the final three 

waves of data collection. 

In wave 2 (N = 347), approximately one week after their first exam, participants 

were assessed on their intentions to switch to a non-science major, attributions for 

success or failure in their science major, and self-reported their estimated current General 

Chemistry II lecture grade and letter grade on their most recent Chemistry II lecture 

exam5.  Competency beliefs, self-efficacy, interest, and task values (including costs) were 

assessed for a second time in wave 3 of data collection (N = 348).  Finally, participants 

                                                
5 Chemistry II exam grades were not analyzed in this study. 
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reported their estimated current General Chemistry II course grade and their letter grade 

on their most recent exam, and completed the intent to leave a STEM major and ego-

identity status measures in wave 4 (N = 343).  The questionnaires were made available 

for two weeks at each wave of data collection except in wave 4 where the questionnaires 

were available until the end of the semester (i.e., there were four extra days in the final 

wave).  However, I did extend the time to complete the surveys at each wave (except the 

4th wave) for a small subset of participants to maximize participation in the study.  These 

students typically had no more than one extra week to complete the surveys.  The time to 

complete a round of surveys was not extended beyond the subsequent round of surveys 

for any students.   

For wave 1 data collection, participants were sent an email reminder for their 

scheduled appointment with directions to the university Career Center computer lab.  For 

subsequent waves of data collection I emailed participants individually with instructions 

for when and how to access and complete the measures on the first day of each wave of 

data collection.  Participants who did not complete the relevant round of surveys after one 

week received a reminder email.  Participants were sent reminders more frequently in the 

final week of each round of data collection to maximize the participant response rate.  

However, statistical methods were used (i.e., FIML) in the primary data analyses in order 

to accommodate a certain amount of non-response (see Data Analysis section below).   

Apparatus 

All participants completed all questionnaires using the university’s Blackboard™ 

portal.  Blackboard™ is a course management system based on the web, which allowed 

for online access to the demographics, motivation, identity, and intent to leave STEM 
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questionnaires.  I enrolled each participant in a Blackboard “course” called “GEN CHEM 

II Extra Credit Study,” which was created for the purposes of this project.  In order to 

maintain the confidentiality of the participants I disabled all communication tools and 

functions, which would otherwise have allowed them to communicate with each other or 

find other students enrolled in the Blackboard course.  All participants were designated as 

“students” in the course.  This served to maintain the security of the data since only 

individuals designated as an “Instructor” for the course can access students’ responses to 

the surveys and individuals with the “student” designation are unable to access 

information about other students.  Finally, only students who agreed to participate in the 

study were enrolled in the Blackboard course.  Doing so prevented anyone not enrolled in 

the study from accessing the secure Blackboard course designed for the project.   

Participants accessed their personal Blackboard page on one of the Career Center 

computers where they opened the study “course.”  Students accessed all questionnaires 

via a section called “Surveys” within the Blackboard course site.  A password was 

required to gain access to the measures, which served to prevent students who were not 

signed up for the study from inadvertently taking the surveys.  Participants did not have 

the ability to access names, emails, or any other information of other students enrolled in 

the Blackboard course.  Response options for the demographics items were arranged 

vertically on the screen after each question (see Appendix G for response options).  

Response options for survey items with Likert-type response scales were arranged 

horizontally with the lowest score appearing on the left of the screen and the highest 

score appearing on the right.    



 88 

Data Analysis 

 In this section data analysis procedures used in the study are described, including 

descriptive statistics calculated, screening for univariate and multivariate assumptions, 

correcting for multiple comparisons, handling of missing data, and the primary analysis 

methods for each of the research questions.  Results of these analyses are presented in 

Chapter 4. 

Descriptive Statistics 

Means and standard deviations were calculated for all of the variables.  

Additionally, Pearson correlations were calculated among all of the variables at all waves 

of data collection including competency beliefs, values, opportunity cost, psychological 

cost, effort cost, achieved ego-identity status scores, interest, self-efficacy, final 

chemistry I lecture grade, SAT verbal, SAT quantitative, chemistry II lecture grade, and 

intent to leave a STEM major.  Cronbach’s alpha reliabilities were calculated for each of 

the scales to determine the internal consistency reliability of the variables with this 

sample of participants (results presented in Chapter 4).  

Screening for assumptions 

Before analyzing any dataset, it is important to screen for assumptions of the 

relevant statistical tests.  In this study, I utilized both univariate (Pearson correlations) 

and multivariate procedures (multiple regression and path modeling) on the data to 

examine the two primary research questions.  There are five assumptions of these 

statistical methods that are important to screen the data for including: 1) normality, 2) 

independence of observations, 3) homogeneity of variance, 4) multicollinearity, and 5) 

linearity.  Beyond these five assumptions it is also important to screen the data for 
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univariate and, perhaps more importantly, multivariate outliers, which can bias results of 

statistical tests. 

Normality 

 In order to screen for univariate normality of the data, I inspected histograms, 

probability-probability (P-P) plots, stem-and-leaf plots, and box plots for each of the 

variables using SPSS version 18 (Field, 2009).  Additionally, skewness and kurtosis 

statistics were calculated on each of the variables.  Furthermore, it is important to screen 

for multivariate normality when using path-modeling techniques as I used in this study, 

and univariate non-normality usually indicates a problem with multivariate normality as 

well (Keith, 2005).  The appropriate estimation methods were used when problems with 

non-normality arose (results of these analyses are presented in Chapter 4). 

Independence of Observations 

Participants in the study were enrolled in different Chemistry II lectures with 

different professors.  As a result students in the same lecture with the same professor may 

have been similar in terms of how they respond on the dependent variables.  Thus, it is 

important to screen the data for non-independence.  In order to screen the data for non-

independence I calculated Intraclass Correlation Coefficients (ICC) with the professor as 

the clustering variable using SPSS version 18.  An ICC greater than .10 indicates non-

independence of observations.  ICC results were .01 and .02 for chemistry II lecture 

grades at T4 and intent to leave STEM at T4 respectively.  Thus, multilevel modeling 

was not required. 
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Homogeneity of Variance 

Unequal variances are usually apparent in the data by visually inspecting the 

shape of the data in scatter plots of z-scores of residuals and z-scores of the predicted 

scores in a regression (Field, 2009).  Thus, in order to screen for homogeneity of 

variance, I visually inspected these plots for each of the proposed regressions detailed in 

below (results presented in Chapter 4).  

Multicollinearity   

Predictor variables that are too closely correlated can result in biased results in 

multiple regression (Keith, 2005).  Therefore, it is important to screen the data for 

potential multicollinearity issues among the variables whenever linear or logistic 

regression is being used.  I requested collinearity diagnostics in SPSS for each regression, 

which provided tolerance and variance inflation factor (VIF) scores for the variables.  

Tolerance scores closer to 1 and VIF scores smaller than 6 are desirable (Keith, 2005).  

Furthermore, it is important to screen collinearity diagnostics in the SPSS output.  If 

eigenvalues are close to zero, the condition index is greater than 17, and variance 

proportions of at least two of the variables exceed .50 in the collinearity diagnostics then 

there is likely a problem with multicollinearity (Pedhazur, 1997).  Thus, I screened the 

data using these procedures.  When problems with multicollinearity arose, I either used a 

composite score of the variables or centering techniques.  Results are discussed further in 

Chapter 4.   

Linearity 

An assumption of standard multiple regression and path analysis is that the 

relationships among the data are linear (Keith, 2005).  To screen for linearity of the data, 



 91 

I utilized the curve fit function in SPSS.  This function fits a regression line to the data.  

If a curvilinear regression line (e.g. quadratic) provides a significantly improved R2 value 

over a linear line, then the assumption of linearity of the data is likely violated (results 

presented in Chapter 4).   

Outliers 

Univariate and multivariate outliers in a dataset can bias the results of regression 

analyses, therefore it is important to screen for outliers or influential cases when using 

regression (Field, 2009).  In order to screen for univariate outliers, I inspected box plots 

and calculated z-scores of the variables.  A score that is more than three standard 

deviations above or below the mean of a sample can be considered an outlier (Field, 

2009).   

To screen for multivariate outliers and influential cases, I calculated the following 

diagnostics on each regression:  1) Leverage (h), 2) Cook’s Distance (D), and 3) 

Difference in Betas (DFBETA).  The cutoff Leverage score used to indicate a potential 

outlier is calculated using the following equation: 2 (dfregression + 2)/N (Field, 2009).  

Scores equal to or greater than the result of this calculation may indicate a problem.  A 

Cook’s Distance greater than one (D > 1.0) indicates a potential issue with an outlier 

(Field, 2009; Keith, 2005).  Finally, DFBETA scores greater than or equal to 10% of the 

unstandardized regression coefficient (b) for the intercept and each predictor may be 

problematic.  There must be a problem on more than one of these diagnostics (Leverage, 

Cook’s Distance, and DFBETA) to consider a case an outlier (Keith, 2005).  All outliers 

were removed from the data (results presented in Chapter 4).  
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Correcting for Multiple Comparisons 

I corrected the alpha level used to test the significance of each coefficient in the 

different regressions that utilize the same predictors with Hochberg’s step-up method 

(Hochberg, 1988).  Hochberg’s step-up method is less conservative than the Bonferroni 

correction, which is considered too conservative by some scholars (Myers & Well, 2003).  

Hochberg’s method is carried out by first arranging the alpha levels in the results of the 

relevant statistical tests from smallest to largest.  Next the significance of the largest 

alpha level against p < .05 is tested.  If this comparison is significant, then this alpha level 

is used for the remaining comparisons.  However, if the first comparison is non-

significant then one should compare the second largest alpha level against .05/2.  If this 

comparison is significant then p < .025 is adopted.  However, if this is non-significant, 

then the third largest alpha level is compared against .05/3, and so on, until the 

appropriate cutoff value of alpha is reached (Myers & Well, 2003).  This procedure was 

carried out for each of the regression analyses used in the study.  Alpha cutoffs are given 

for each analysis in the results (i.e., Chapter 4). 

Missing Data 

 A common concern with any research project in the social sciences is how to 

handle missing data.  In this study there were participants who only participate in some 

but not all waves of data collection.  When linear regression was used as the primary data 

analysis technique, I used list-wise deletion and only analyzed cases with complete data.  

However, there was too much missing data to use list-wise deletion for the cross-lagged 

path analyses, and using all available data is especially important in structural equation 

modeling techniques (Byrne, 2011; Davey & Savla, 2010).  I utilized full information 
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maximum likelihood methods (FIML) in SEM using Mplus (version 4.21) software.  The 

advantage of using FIML methods is that “FIML makes use of all available data, even 

those from partially missing cases, and will provide valid point estimates and confidence 

intervals for population parameters” (Davey & Savla, p. 54) 

Research Question 1: Cross-sectional Relationship Between Achieved Ego-identity 

Status, Values, Costs, and Competence Beliefs 

In order to examine research question 1, I conducted and analyzed a series of 

linear regressions using the occupational-academic achieved ego-identity scores 

including: 1) a regression of values/interests at Time 1 on achieved occupational-

academic identity scores, final chemistry I lecture grades, and SAT verbal and 

quantitative scores, 2) a regression of competency beliefs at Time 1 on achieved 

occupational-academic ego-identity scores, final chemistry I lecture grades, and SAT 

verbal and quantitative scores, and finally, 3) a regression of effort costs at Time 1 on 

achieved occupational-academic ego-identity status, final chemistry I lecture grades, and 

SAT verbal and quantitative scores.  The results of these analyses are presented in 

Chapter 4. 

Power analysis. Using the power analysis software package G*Power (Faul, 

Erdfelder, Buchner, & Lang, 2009), I calculated the number of participants required to 

achieve power of .8 with four predictors at an alpha of p = .01 (estimated to be the 

smallest possible alpha using Hochberg’s step-up method for these analyses).  In order to 

detect a medium effect size of f2 = .15, which is achieved at R2 = .13, a minimum sample 

size of N = 142 is required.  Even after list-wise deletion, the minimum sample size was 

met (N = 301) to achieve post hoc power greater than or equal to .8   
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RQ 2, 2a, and 2b: Relationships Between Achieved Ego-identity Status, Values, Costs, 

and Competency Beliefs and Course Grades and Intent to Leave a STEM Major Over 

the Course of a Semester 

The second research question and two additional sub-questions were examined 

using cross-lagged path analyses to test and modify the model presented in Figure 3.1.  

Prior research has demonstrated that competency beliefs and, especially, task values 

predict choice behavior (Acee & Weinstein, 2010; Bong, 2001a; Chen & Liu, 2009; 

Durik, Vida, & Eccles, 2006; Eccles, 1987; Luttrell et al., 2010; Neuville, Frenay, 

Bourgeois, 2007; Simpkins, Davis-Kean, & Eccles, 2006; Sullins, Hernandez, Fuller, & 

Tachiro, 1995; Wigfield & Eccles, 2000; Wigfield, Tonks, & Klauda, 2009).  However, 

not all values have been examined thoroughly in prior research.  The empirical 

relationships between perceived costs and academic choice are largely unknown even 

though cost is considered to be important in choice behavior (Wigfield & Cambria, 

2010).  Therefore, I examined three cross-lagged path models of the effect of competency 

beliefs, values, and each of the costs at Time 1 on intent to leave a STEM major and 

lecture grades at Time 2, the effect of intent to leave a STEM major and grades at Time 2 

on competency beliefs, values, and costs at Time 3, and finally, the effect of competency 

beliefs, values, and costs at Time 3 on grades and intent to leave a STEM major at Time 

4.  Prior achievement and stable attributions for success were included as control 

variables in the model (see Figure 3.1).  Finally, I examined an alternative cross-lagged 

path model to test whether the relationship between achieved ego-identity status scores 

are mediated by competency beliefs and values or whether there is a direct link between 
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achieved ego-identity status and intent to leave a STEM major (see Chapter 4 for these 

results and the alternative model).  

There are a variety of estimation methods to choose from when estimating path 

models.  I planned to use maximum likelihood (ML) estimation when assumptions of 

multivariate normality were met and robust estimation methods if these assumptions were 

violated (MLR).  Since these assumptions were not met on all variables MLR was used 

(see Chapter 4). 

To determine model fit, I inspected the following fit statistics: chi-square (χ2), 

comparative fit index (CFI), Root Mean Square Error of Approximation (RMSEA), and 

standardized root mean residual (SRMR; Kline, 2011).  When the χ2 statistic is lower 

relative to the df and non-significant then the model is considered a good fit; however, χ2 

is sensitive to sample size and the other indicators of model fit are needed.  Generally, 

with sample sizes greater than 250 participants, CFI, RMSEA, and SRMR are 

recommended to minimize both type I and type II error rates (Hu & Bentler, 1999).  A 

CFI > .95, RMSEA < .06, and SRMR < .09 are recommended as cutoff values to accept 

the model as a good fit (Hu & Bentler, 1999).  

To determine if new paths should be added I used the Lagrange Multiplier (LM), 

which provides an estimation of the improvement in model fit if a significant path is 

added to the model (LM; Kline, 2011).  However, it is important to use caution when 

adding paths and consider the theoretical rational for doing so, particularly when sample 

sizes are small (Kline, 2011).  Thus, paths were only added to the model when there was 

a theoretical rational.  New models were compared to the baseline model for 

improvement in model fit.  Change of degrees of freedom (Δdf) relative to change of chi-
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square (Δχ2) was used to compare nested models.  When Δχ2 is non-significant relative to 

Δdf, then the new model is accepted as the better fitting model.  A significant Δχ2 relative 

to Δdf will result in rejection of the new model (Byrne, 2011; Kline, 2011).  

It is recommended that at least five participants are needed per parameter 

estimated to achieve sufficient power to test the model (Hancock & Mueller, 2010).  In 

the primary model of this study, there are 55 free parameters estimated (including error 

variances) with 35 degrees of freedom.  Therefore, a minimum of 275 participants is 

required for sufficient power.  Since the final sample was sufficient (N = 363) I tested the 

complete model.  Missing data were accounted for using FIML, which is available in 

Mplus.  
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Figure 3.1. Primary cross-lagged path model. Error terms were estimated for the endogenous variables and error terms among the 
competency beliefs, values and costs variables were correlated in all models. 



 98 

CHAPTER 4 

RESULTS 

 

Descriptive Results 

Descriptive results for the variables at each wave of data collection are presented 

in presented in Tables 4.1 – 4.4.   The following variables demonstrated satisfactory 

psychometric properties at all time points: values, opportunity cost, effort cost, 

psychological cost, achieved identity status, competency beliefs, stable attributions for 

success, and interest.  On the other hand, self-efficacy, intent to leave a STEM major, and 

self-reported chemistry II lecture grades did not meet assumptions of normality.  

Inspections of histograms and stem-and-leaf plots revealed ceiling effects for the self-

efficacy variable and floor effects for the intent to leave a STEM major variable.  Self-

reported chemistry II lecture grades at Time 2 and Time 4 were multi-modal with almost 

an equal number of scores below a C- and at a B + at time 2 and below a C- and at a B at 

time 4.  All variables demonstrated acceptable to very good Cronbach’s alpha reliability 

at all waves of data collection (range = .70 – .93; see Tables 4.1 – 4.4).  Furthermore, all 

variables had high and positive item-total correlations, suggesting that good Cronbach’s 

alpha reliabilities were not due to the length of the scales. 
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Table 4.1 

Descriptive Results for Time 1 Variables  

Variable N M (SD) Skewness Kurtosis Alpha 

Achieved Ego-identity Status 361 4.10 (1.23) -.549 -.174 .90 

Competency Beliefs 363 4.53 (.65) .066 -.213 .88 

Values 363 4.93 (.62) -.608 .594 .76 

Opportunity Cost 363 2.64 (1.06) .670 .160 .84 

Psychological Cost 363 3.47 (1.04) -.128 -.264 .70 

Effort Cost 363 2.53 (.86) .547 .253 .83 

Self-efficacy 362 4.97 (.79) -1.436 4.694 .93 

Interest 362 4.43 (.633) -.616 .931 .90 

 

Table 4.2 

Descriptive Results for Time 2 Variables 

Variable N M (SD) Skewness Kurtosis Alpha 

Intent to leave STEM 346 1.89 (.96) 1.342 1.922 .93 

Chemistry II Lecture Grade (SR) 352 2.58 (1.16) 1.167 .378 n/a 

Stable Attributions 346 4.48 (1.78) -.032 -.598 .78 

Note. SR = self-reported 
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Table 4.3 

Descriptive Results for Time 3 Variables 

Variable N M (SD) Skewness Kurtosis Alpha 

Competency Beliefs 347 4.03 (.90) -.361 .363 .93 

Values 347 4.59 (.83) -.826 .865 .85 

Opportunity Cost 347 2.90 (1.11) .499 -.281 .89 

Psychological Cost 346 3.87 (1.13) -.357 -.243 .80 

Effort Cost 347 2.79 (.90) .220 -.120 .83 

Self-efficacy 347 4.69 (.90) -.866 1.405 .92 

Interest 346 4.39 (.90) -.585 .527 .92 

 

Table 4.4 

Descriptive Results for Time 4 Variables 

Variable N M (SD) Skewness Kurtosis Alpha 

Intent to leave STEM 340 2.05 (1.14) 1.447 2.089 .93 

Chemistry II Lecture Grade (SR) 338 2.40 (1.29) -.792 -.462 n/a 

Note. SR = Self-reported 

Correlations 

Zero-order correlations among the substantive variables at each time point were in 

the expected directions (see Table 4.5).  Concurrent and predictive correlations among 

the variables are reported below. 
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Concurrent Correlations Among the Time 1 variables 

Achieved ego-identity status scores were significantly and positively correlated 

with competency beliefs at Time 1 (T1), values at T1, interest at T1, and self-efficacy at 

T1.  The strength of these correlations was small to medium in size.  Achieved ego-

identity status had a medium negative correlation with effort cost at T1 and was not 

correlated with opportunity cost or psychological cost at T1.  Students who engaged in 

more exploration of their occupational-academic ego-identity and who were more 

committed to an occupational academic ego-identity also felt more competent in their 

major early in the semester, initially valued their major more, had more self-efficacy for 

their major in the beginning of the semester, were initially more interested in their major, 

and perceived lower effort costs associated with the major in the beginning of the 

semester. 

Competency beliefs at T1 had a small, yet significant and positive correlation 

with SAT quantitative scores.  Competency beliefs at T1 also had medium to large, 

significant and positive correlations with values at T1, self-efficacy at T1, interest at T1, 

and chemistry I lecture grades.  Finally, competency beliefs at T1 had small to medium 

negative correlations with opportunity cost at T1, psychological cost at T1, and effort 

cost at T1.  Thus, at T1, students who believed they were more competent in their science 

major valued their major more, had more interest in the major, were more efficacious 

about their major, performed higher on the quantitative section of the SATs, had higher 

grades in chemistry I, and perceived lower costs associated with their major. 

In addition to the correlations with competency beliefs at T1 and achieved ego-

identity status reported above, values at T1 had a large positive correlation with interest 
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at T1 and self-efficacy at T1.  The correlation between values at T1 and interest at T1 was 

strong (r = .69), which is not surprising considering that theoretically values contain an 

interest component and interest contains a values component (Linnenbrink-Garcia & 

Fredricks, 2008).  Also consistent with theory, values had medium to large negative 

significant correlations with the three costs at T1.  Students who valued their major more 

at the beginning of the semester also were more interested in their major, more 

efficacious, and perceived less costs associated with the major in the beginning of the 

semester.  Values at T1 were also positively correlated with chemistry I grades, 

indicating that students who valued their major more at the beginning of the semester 

performed better in chemistry I. 

In terms of the three cost variables, correlations among psychological cost, 

opportunity cost, and effort cost at T1 and the other variables at T1 were consistent with 

theory.  In addition to the correlations among the costs at T1, values at T1, achieved ego-

identity status, and competency beliefs at T1 reported above, the three costs at T1 were 

negatively correlated with interest at T1 and self-efficacy at T1.  There were no 

significant relationships between opportunity cost at T1 and indicators of prior academic 

achievement or between psychological cost at T1 and indicators of prior academic 

achievement.  However, effort cost at T1 had a small but significant negative correlation 

with chemistry I lecture grades.  Psychological cost, opportunity cost, and effort cost at 

T1 were all significantly and positively correlated with each other.  These correlations 

were large, especially the correlation between psychological and opportunity costs (r psych 

cost T1 opportunity cost T1 = .69).  Students who perceived higher effort cost in the beginning of 

the semester perceived higher opportunity and psychological costs in the beginning of the 
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semester as well.  Furthermore, students who perceived higher costs at the beginning of 

the semester also valued their major less. 

Correlation Results from Time 1 to Time 2, Time 3 and Time 4 

Achieved ego-identity status was positively correlated with stable attributions at 

Time 2 (T2) and negatively correlated with intent to leave STEM at T2.  The correlation 

between achieved ego-identity status and chemistry II lecture grades at T2 was non-

significant.  Thus, students who began the semester with a higher achieved ego-identity 

status were less likely to intend to leave STEM early in the semester and were more 

likely to attribute their success/failure in their major to stable factors.  Achieved ego-

identity status was also positively correlated with values at Time 3 (T3), interest at T3, 

and chemistry II grade at Time 4 (T4) and negatively correlated with effort cost at T3 and 

intent to leave STEM at T4.  These correlations were small to medium in size.  Also, the 

strength of the correlation between achieved ego-identity status and effort cost remained 

relatively consistent over time (r T1 = -.28 and r T3 = -.26).  Students who came into the 

semester with a higher achieved ego-identity status valued their major more toward the 

end of the semester, were more interested in their major toward the end of the semester, 

reported higher chemistry II grades, and were more committed to their major at the end of 

the semester. 

Competency beliefs at T1 had a medium-large and positive significant correlation 

with chemistry II lecture grades at T2 and a small-medium and negative significant 

correlation with intent to leave a STEM major at T2.  Additionally, competency beliefs at 

T1 had a small but significant correlation with stable attributions for success at T2.  In 

other words, students who began the semester with higher competency beliefs reported 
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higher chemistry II grades early in the semester, made more stable attributions for 

success or failure in their science major, and were more likely to intend to stay in a 

STEM major (i.e., they were more committed to a STEM major).  Competency beliefs at 

T1 were significantly and positively correlated with competency beliefs at T3, values at 

T3, self-efficacy at T3, interest at T3, and grades at T4.  These correlations ranged from 

small to medium in strength.  Competency beliefs at T1 were negatively correlated with 

the three costs at T3 and intent to leave STEM at T4.  Thus, students who began the 

semester feeling more competent in their major felt more competent, valued their major 

more, were more efficacious, were more interested in their major, and perceived less 

costs associated with their STEM major later in the semester.  Students with higher 

competency beliefs at the beginning of the semester also had higher chemistry II grades 

and were more committed to their major at the end of the semester. 

Values at T1 were negatively and significantly correlated with intent to leave a 

STEM major at T2 and positively correlated with chemistry II grades at T2.  Students 

who entered the semester valuing their major more were more committed to the major 

early in the semester and reported higher chemistry II grades early in the semester.  

Additionally, there were medium to strong positive correlations between values at T1 and 

competency beliefs, values, self-efficacy, and interest at T3.  There were significant 

negative correlations between values at T1 and the three costs at T3.  Finally, there was a 

significant negative correlation between values at T1 and intent to leave STEM at T4.  In 

sum, students who valued their major more at the beginning of the semester felt more 

competent in their major, valued their major more, and perceived fewer costs associated 
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with the major later in the semester.  Also, these students were more committed to STEM 

and reported performing better in Chemistry II at the end of the semester.   

Opportunity cost and effort cost at T1 was positively correlated with intent to 

leave STEM at T2.  The correlation between effort cost at T1 and intent to leave STEM at 

T2 was moderate, while the correlation between opportunity cost at T1 and intent to leave 

STEM at T2 was small.  Only effort cost was significantly correlated with chemistry II 

grades at T2.  This correlation was negative and moderately small.  In other words, 

students who began the semester perceiving higher effort cost reported lower chemistry II 

grades and were less committed to the major early in the semester.  Students who 

perceived higher opportunity costs at the beginning of the semester were also less 

committed to the major early in the semester.  All three costs at T1 were significantly and 

positively correlated with all three costs at T3.  These correlations were mostly large.  

Students who perceived higher costs associated with the major early in the semester also 

perceived higher costs later in the semester.  The three costs at T1 were negatively 

correlated with values at T3, interest at T3, competency beliefs at T3, and self-efficacy at 

T3, which indicated that students who began the semester with higher perceived costs felt 

less competent in their major, valued their major less, were less interested in their major, 

and less efficacious late in the semester.  Finally, all three costs at T1 were correlated 

with intent to leave STEM at T4; however, only psychological cost and effort cost were 

correlated with chemistry II grade at T4.  The correlations between the three costs at T1 

and intent to leave STEM at T4 were positive, as expected, and small to medium in 

magnitude.  The correlations between psychological cost at T1 and chemistry grade at T4 

were small and negative as was the correlation between effort cost and grade at T4.  In 
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other words, students who perceived higher costs in the beginning of the semester were 

less committed to their major at the end of the semester.  Students who perceived higher 

effort and psychological costs at the beginning of the semester reported lower academic 

achievement in chemistry II at the end of the semester.   

Concurrent Correlations Among the Time 2 Variables 

Intent to leave STEM at T2 was significantly and negatively correlated with 

chemistry II grades at T2, and chemistry II grade at T2 was positively correlated with 

stable attributions at T2.  In other words, students who were less committed to a STEM 

major at T2 also reported lower chemistry II grades at T2.  Furthermore, students who 

reported higher grades at T2 also made more stable attributions for their success/failure in 

their STEM major.  Finally, stable attributions for success at T2 was positively correlated 

with chemistry I grades indicating that students with higher chemistry I grades also made 

more stable attributions for success/failure in their major. 

Correlation Results from Time 2 to Time 3 and Time 4 

Intent to leave STEM at T2 was negatively correlated with competency beliefs, 

values, self-efficacy, and interest at T3 indicating that students who were less committed 

to their major early in the semester valued their major less, were less efficacious, felt less 

competent, and were less interested in their major later in the semester.  Intent to leave 

STEM at T2 was positively correlated with opportunity cost at T3 and effort cost at T3.  

In other words, students who were less committed to the major early in the semester also 

perceived higher opportunity and effort costs later in the semester.  Finally, intent to 

leave STEM at T2 was positively correlated with intent to leave STEM at T4 and 

negatively correlated with chemistry II grades at T4.   
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Chemistry II grades at T2 were correlated positively with competency beliefs, 

values, interest, and self-efficacy at T3 as well as chemistry II grades at T4.  Stable 

attributions for success at T2 were significantly and positively correlated with 

competency beliefs, values and interest at T3.  However, there were no significant 

correlations between stable attributions for success at T2 and self-efficacy at T3.  The 

only cost at T3 that stable attributions for success at T2 were correlated with was effort 

cost.  This correlation was negative and small.  Stable attributions for success at T2 were 

also correlated with chemistry II grades at T4. 

Concurrent and Predictive Correlations Among the Time 3 and Time 4 Variables 

Competency beliefs at T3 had a strong positive correlation with values at T3, self-

efficacy at T3, interest at T3, and chemistry II grades at T4.  In other words, students who 

felt more competent toward the end of the semester also valued their major more, were 

more interested in their major, and were more efficacious toward the end of the semester 

when compared to students who felt less competent.  These students also reported 

performing better in chemistry II at the end of the semester.  Competency beliefs at T3 

were negatively correlated with the three costs at T3 and intent to leave STEM at T4 

indicating that students who felt more competent at the end of the semester perceived less 

costs and were more committed to their major at the end of the semester.   

Values at T3 had large positive correlations with interest at T3 and self-efficacy at 

T3.  Values at T3 were also positively correlated with chemistry II grades at T4.  Finally, 

values at T3 were negatively correlated with all three costs at T3 and intent to leave 

STEM at T4.  These results indicate that students who valued their major more at the end 

of the semester were also more interested in their major, more efficacious, and perceived 
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less costs at the end of the semester.  Also, students who valued the major more at this 

point in the semester reported higher chemistry II grades at the end of the semester and 

were more committed to a STEM major than students who valued the major less.   

Correlations among psychological cost, opportunity cost, and effort cost at T3 

were consistent with the correlations among these variables at T1.  All correlations were 

large and positive, which is consistent with expectations.  Also as expected, correlations 

among the three costs at T3 and self-efficacy at T3 were negative as were correlations 

among the three costs at T3 and interest at T3.  These correlations were medium to large 

in magnitude.  Thus, students who perceived higher costs associated with the major at the 

end of the semester were also less interested in their major and less efficacious at the end 

of the semester.  All three costs at T3 were positively correlated with intent to leave 

STEM at T4; however, these correlations varied in magnitude.  Only effort cost at T3 was 

significantly correlated with chemistry II grades at T4.  Finally, chemistry II grades at T4 

had a small, yet significant, negative correlation with intent to leave STEM at T4.   

Taken together, results of the zero-order correlations support the validity of the 

constructs under study and are consistent with theory and prior research.  All correlations 

among the variables were in the expected directions.  This is especially important for 

achieved ego-identity status and the expectancy-value constructs since achieved ego-

identity status has not been studied along with these constructs previously.  The results 

concerning the three perceived costs were also important because there is little prior 

research on perceived costs.  Furthermore, the strong correlations between values and 

interest suggest that both variables may largely be tapping the same construct.
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Table 4.5 

Correlations Among the Variables 

 1 2 3 4 5 6 7 8 9 10 11 

1. Ach Identity T1 –           

2. Comp T1 .13* –          

3. Values T1 .24** .52** –         

4. Op Cost T1 -.05 -.22** -.23** –        

5. Psy Cost T1 -.09 -.28** -.24** .69** –       

6. Eff Cost T1 -.28** -.44** -.48** .55** .49** –      

7. SE T1 .13* .47** .45** -.28** -.31** -.45** –     

8. Interest T1 .19** .47** .69** -.29** -.29** -.49** .51** –    

9. Intent T2 -.14* -.20** -.22** .15* .08 .34** -.24** -.28** –   

10. Grade T2 .09 .42** .30** -.06 -.09 -.18** .21** .23** -.23** –  

11. Stable At T2 .18** .13* .10 .04 -.04 -.10 .00 .08 -.08 .31** – 
Note. Ach Identity = Achieved ego-identity status, Comp = Competency Beliefs, Op Cost = Opportunity Cost, Psy Cost = 
Psychological Cost, Eff Cost = Effort Cost, SE = Self Efficacy, Intent = Intent to leave a STEM major, Grade = Chemistry II grade, 
Stable At = Stable Attributions; T1 = Time 1; T2 = Time 2; *p < .05, **p < .01
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Table 4.5 Continued 

 1 2 3 4 5 6 7 8 9 10 11 

12. Comp T3 .11 .66** .41** -.19** -.20** -.32** .38** .38** -.21** .55** .24** 

13. Values T3 .19** .38** .64** -.17** -.16** -.40** .36** .52** -.29** .28** .16** 

14. Op Cost T3 .00 -.14* -.14* .70** .52** .39** -.19** -.19** .14* -.03 .06 

15. Psy Cost T3 -.02 -.18** -.18** .39** .65** .29** -.27** -.29** .05 -.05 .03 

16. Eff Cost T3 -.26** -.32** -.38** .45** .41** .65** -.34** -.38** .34** -.18** -.13* 

17. SE T3 .09 .49** .46** -.28** -.31** -.44** .61** .49** -.32** .29** .03 

18. Interest T3 .12* .40** .56** -.30** -.27** -.45** .40** .63** -.36** .31** .19** 
Note. Comp = Competency Beliefs, Op Cost = Opportunity Cost, Psy Cost = Psychological Cost, Eff Cost = Effort Cost, SE = Self 
Efficacy; T3 = Time 3; *p < .05, **p < .01
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Table 4.5 Continued 

 12 13 14 15 16 17 

13. Values T3 .50** –     

14. Op Cost T3 -.17** -.22** –    

15. Psy Cost T3 -.23** -.16** .52** –   

16. Ef Cost T3  -.42** -.53** .57** .44** –  

17. SE T3 .53** .51** -.34** -.37** -.49** – 

18. Interest T3 .58** .78** -.35** -.31** -.59** .62** 
Note. Op Cost = Opportunity Cost, Psy Cost = Psychological Cost, Eff Cost = Effort Cost,  
SE = Self Efficacy; T3 = Time 3; *p < .05, **p < .01
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Table 4.5 Continued 

 1 2 3 4 5 6 7 8 9 10 

19. Intent T4 -.15* -.19** -.25** .25** .20** .34** -.18** -.27** .54** -.17** 

20. Grade T4 .16** .46** .31** -.10 -.12* -.22** .23** .30** -.17** .63** 

21. SAT-V -.10 .17** .01 -.01 .08 -.05 .07 -.05 .01 .07 

22. SAT-Q .02 .29** .11 .05 .03 -.03 .12* .05 -.06 .22** 

23. Chem 1 .09 .53** .24** -.08 -.07 -.19** .17** .15* -.20** .34** 
 

 11 12 13 14 15 16 17 18 19 20 21 22 

19. Intent T4 -.04 -.28** -.46** .30** .12* .53** -.29** -.48**     

20. Grade T4 .26** .65** .31** -.10 -.11 -.26** .37** .37** -.18**    

21. SAT-V .04 .04 -.04 -.04 .19** -.03 .03 -.01 .00 .08   

22. SAT-Q -.01 .14* .04 .05 .08 .04 .07 .05 -.04 .32** .39**  

23. Chem 1 .19** .42** .24** -.06 .03 -.16** .22** .22** -.21** .52** .24** .47** 
Note. Intent = Intent to leave a STEM major, Grade = Chemistry II grade, SAT-V = SAT verbal, SAT-Q = SAT quantitative,  
Chem 1 = Chemistry I final grade; T4 = Time 4; *p < .05, **p < .01
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Change in Mean Scores Over Time 

Changes in scores of the substantive variables over the course of the semester 

were examined using paired-samples t-tests for all variables that met assumptions of 

normality (i.e., values, all three costs, competency beliefs, and interest) and Wilcoxon 

Signed-rank tests for variables that were non-normally distributed (i.e., grades, self-

efficacy, and intent to leave STEM).  Tables 4.6 and 4.7 present the results of these 

analyses. 

Paired-samples t-tests 

Paired-samples t-tests revealed competency beliefs scores (t [345] = 13.71, p < 

.001, d = .78), and values scores (t [345] = 9.07, p < .001, d = .51) significantly decreased 

from T1 to T3.  Furthermore, the effect sizes for change in scores over time were large 

and medium for competency beliefs and values respectively.  These results suggest that, 

overall, participants in the study believed they were less competent in their science major 

and valued their science major less over the course of the semester.  On the other hand 

scores on opportunity cost (t [345] = -6.13, p < .001, d = -.33), psychological cost (t [345] 

= -8.80, p < .001, d = -.48), and effort cost (t [345] = -6.98, p < .001, d = -.38) 

significantly increased from T1 to T3.  Effect sizes for change in costs scores were small 

to medium, suggesting that students perceived greater costs over the course of the 

semester.  Finally, while interest scores did decrease over the course of the semester, 

these scores did not change significantly from time 1 to time 3 (t [345] = 1.11, p < .27, d 

= .06).  In other words, the participants’ level of interest in their major remained stable 

over the course of the semester. 
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Wilcoxon Signed-rank Tests 

Results of Wilcoxon Signed-ranks tests revealed that self-efficacy scores 

decreased significantly from T1 to T3 (Z = -7.536, p < .001, d = .34) and self-reported 

lecture grades decreased significantly from T2 to T4 (Z = -4.083, p < .001, d = .18).  

Thus, as with competency beliefs, students felt less efficacious over the course of the 

semester.  Furthermore, students’ self-reported (i.e., perceived) lecture grades decreased 

over the course of the semester as well.  Intent to leave STEM significantly increased 

from T2 to T4 (Z = -3.652, p < .001, d = -.16) indicating that students became less 

committed to remaining in a science major over time.  However, effect sizes of the 

changes in self-efficacy scores and intent to leave STEM scores were small, and there 

was a small-medium effect size for change in chemistry II grades.
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Table 4.6 

Paired-samples t-tests of the Substantive Variables 

 Time 1  Time 3   95% CI  
Variable M SD  M SD t (345) p LL UL Cohen’s d 

Competency Beliefs 4.54 .66  4.03 .90 13.71 < .001 .44 .58 .78 
Values 4.93 .62  4.59 .84 9.07 < .001 .26 .41 .51 
Interest 4.44 .63  4.39 .91 1.11 .27 -.03 .12 .06 
Opportunity Cost 2.61 1.03  2.89 1.11 -6.13 < .001 -.37 -.19 -.33 
Psychological Cost 3.44 1.03  3.87 1.13 -8.80 < .001 -.53 -.34 -.48 
Effort Cost 2.52 .85  2.79 .90 -6.98 < .001 -.34 -.19 -.38 

Note. Interest df = 344; Cohen’s d calculated using Morris and DeShon (2002). 

Table 4.7 

Wilcoxon Signed-rank Tests of the Non-normal Substantive Variables 

 Time 1  Time 2  Time 3  Time 4    
Variable M SD  M SD  M SD  M SD Z p Cohen’s d 

Self Efficacy 4.97 .79  – –  4.69 .90  – – -7.54 < .001 .34 

Intent to leave STEM – –  1.89 .96  – –  2.05 1.14 -3.65 < .001 -.16 

Chem. II Lecture Grades – –  2.58 1.16  – –  2.40 1.29 -4.083 < .001 .18 

Note. Cohen’s d calculated using Morris and DeShon (2002). 
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Primary Analysis 

Results of analyses that served to examine the primary research questions of the 

study are presented next.  Since values and interest were highly correlated, both variables 

could not be included in the cross-lagged path analyses due to potential problems with 

multicollinearity.  In order to resolve this issue, I conducted a series of confirmatory 

factor analyses on the interest and values items.  Both a two-factor and one-factor model 

provided a good fit to the data.  Since the single factor model fit the data just as well as 

the two-factor model, the single factor model was retained (see Appendix H for model fit 

statistics of the two models).  It is reasonable that interest and values could be a unitary 

factor for the students in this sample since, theoretically, interest contains a value 

component and values contain an interest component (Linnenbrink-Garcia & Fredricks, 

2008).  Thus, a composite variable was created using the factor score of the interest and 

values items at both time points and this variable was included in all further analyses.  

From this point forward the combined values and interest variable will be referred to as 

values/interest. 

RQ 1: The Unique Contribution of Achieved Ego-identity Status to Competency Beliefs 

and Values/Interest 

In order to determine whether achieved ego-identity status should be included in 

the cross-lagged path analyses, three regressions were carried out: 1) competency beliefs 

at T1 on achieved ego-identity scores and prior achievement (i.e., chemistry grades and 

SAT verbal and quantitative scores), 2) values/interest at T1 on achieved ego-identity 

scores and prior achievement, and 3) effort costs at T1 on achieved ego-identity status 

scores and prior achievement.  Regressions of achieved ego-identity status on opportunity 
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cost and psychological cost were not carried out since achieved ego-identity status was 

not correlated with opportunity cost or psychological cost.  Results of the three regression 

analyses are presented in Table 4.8. 

Screening for assumptions of linearity, homogeneity of variance, and normally 

distributed errors revealed the data adequately met assumptions of linear regression.  

Furthermore, the data were screened for influential cases and multivariate outliers.  One 

case was removed due to a high Cooks Distance, leverage, and Mahalanobis distance 

scores.  While two additional cases were cause for concern due to high Cooks Distance 

and high leverage scores, the results of regressions with these cases added and removed 

were very similar.  Thus, the final analyses included these two cases.  No remaining cases 

had undue influence on the results of the regressions.  Finally, no concerns with 

multicollinearity were detected. 

Competency Beliefs.  A regression of competency belief scores at T1 on achieved 

ego-identity status scores, SAT verbal scores, SAT quantitative scores, and chemistry I 

lecture grade was significant, F (4, 306) = 29.549, p < .001.  The model explained 28% of 

the variance in T1 competency belief scores.  Using an alpha level of p < .013 after 

Hochberg’s step-up procedure, chemistry I grades significantly predicted competency 

beliefs scores at time 1 (β = .45).  SAT verbal scores (β = .05) and SAT quantitative 

scores (β = .09) were non-significant in predicting competency belief scores.  Using this 

stricter p < .013 alpha level, identity achieved scores was a positive but non-significant 

predictor of competency beliefs scores at T1 (β = .11, p = .031).  Thus, higher grades in 

chemistry I were associated with higher competency beliefs for the major, but achieved 

ego-identity status may be important as well. 
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Values/Interest.  A regression of values scores at T1 on achieved ego-identity 

status scores, SAT verbal scores, SAT quantitative scores, and chemistry I lecture grade 

explained a significant 11% of the variance in T1 values/interest scores, F (4, 300) = 

9.170, p < .001. Using an alpha level of p < .017 after Hochberg’s step-up procedure, 

identity achieved scores (β = .19) and chemistry I grades (β = .25) significantly predicted 

values/interest scores at T1. However, SAT verbal scores (β = –.08) and SAT quantitative 

scores (β < .01) were non-significant in predicting values/interest scores at T1 after 

accounting for achieved ego-identity status and chemistry I grades.  Participants who 

endorsed higher achieved ego-identity status and who had higher chemistry I grades 

valued their major more early in the semester. 

Effort Costs.  A regression of effort cost scores at T1 on achieved ego-identity 

status scores at T1, SAT verbal scores, SAT quantitative scores, and chemistry I lecture 

grade explained a significant 12% of the variance in T1 effort cost scores, F (4, 306) = 

9.792, p < .001.  Using an alpha level of p < .017 after Hochberg’s step-up procedure, 

identity achieved scores (β = -.27) and chemistry I grades (β = -.18) negatively and 

significantly predicted effort cost scores at T1.  However, SAT verbal scores (β = -.08) 

and SAT quantitative scores (β = .08) were non-significant in predicting effort cost scores 

at T1.  Thus, higher students who were more ego-identity achieved at the beginning of 

the semester and students who achieved higher grades in chemistry I perceived their 

major as having lower effort cost at the beginning of the semester.  

The results of all three regression analyses taken together support the hypothesis 

that achieved ego-identity status is positively associated with valuing of the major and 

negatively associated with cost.  Furthermore, there may be a relationship between 
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identity achievement and competency beliefs.  Finally, these results support the inclusion 

of achieved ego-identity status in the cross-lagged path analyses carried out in this study. 

 

Table 4.8 

Regression of Achieved Ego-identity Status on Competency Beliefs, Values/interest, and 

Effort Cost 

Variable 
Competency Beliefs 

β 
Values/interest 

β 
Effort Cost 

β 

Achieved Ego-identity Status .11† .19* -.27* 

Chem. 1 grade .45* .25* -.18* 

SAT Verbal .05 -.08 -.08 

SAT Quant .09 <.01 .08 

R2 .28 .11 .12 
Note. N = 307; alpha cutoff is p < .017 for all outcome variables after Hochberg step-up 
procedure, *p < .017 ; † p < .05 
 

Cross-lagged Path Analyses 

To examine the relationships between achieved ego-identity status, 

values/interest, costs, competency beliefs, chemistry II lecture grades and intent to leave 

a STEM major over the semester, I conducted a series of path analyses to analyze the 

primary cross-lagged model (see Figure 3.1 in Chapter 3).  Recall that chemistry II 

lecture grades and intent to leave a STEM major were non-normally distributed.  To 

account for this, maximum likelihood estimation with standard errors that are robust to 

non-normality (MLR) was used to analyze the data.  

In order to examine research questions 1 and 2a, three different path analyses 

were carried out, each with a different cost variable included in each model: model 1 

included effort cost, model 2 included opportunity cost, and model 3 included 
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psychological cost.  A fourth alternative model with a direct path from achieved ego-

identity status to intent to leave a STEM major at T2 was also tested (see Figure 4.4 

below) in order to examine whether the relationship between achieved identity status and 

intent to leave a STEM major is fully mediated by competency beliefs, values and costs 

(research question 2b).  The decision was made to exclude self-efficacy from the final 

path analyses due to concerns with power.  Adding two additional variables to the model 

(self-efficacy at T1 and self-efficacy at T2) would have added 17 additional parameters to 

estimate making an already complex model even more complex.  Given the number of 

participants in the sample, power would be a concern with such a complex model.  

Furthermore, self-efficacy and competency beliefs were empirically distinct enough that 

they could not be combined into a single factor as values and interest were.  Therefore, 

since the competency beliefs construct is one of the primary constructs associated with 

expectancy-value theory, the competency beliefs variable was retained for the primary 

analyses.  An alpha level of p < .05 was used to evaluate the significance of all paths in 

all models. 

Model 1: Effort Cost 

Results of model 1, the effort cost model, revealed a good model fit (χ2 = 72.13, 

df = 35, p < .001, CFI = .97, RMSEA = .054, SRMR = .053; see Figure 4.1).  Results 

further revealed that prior academic achievement significantly and positively predicted 

competency beliefs at T1 (β = .37), effort cost at T1 (β = -.12), chemistry II lecture 

grades at T2 (β = .14), and chemistry II lecture grades at T4 (β = .19).  The relationship 

between prior academic achievement and values/interest at T1 was non-significant (β = 

.08).  Thus, students who performed better in chemistry I and on their SATs also came 
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into the semester feeling more competent about the major, perceiving lower effort costs, 

and also reported better performance early in the semester.   

Achieved ego-identity status significantly and positively predicted competency 

beliefs at T1 (β = .13) and values/interest at T1 (β = .23), and significantly and negatively 

predicted effort cost at T1 (β =  -.27).  These results were consistent with the regression 

analyses (described above) and indicated that students who were more ego-identity 

achieved at the beginning of the semester began the semester feeling more competent, 

valuing their major more, and perceiving lower effort cost.   

From T1 to T2, competency beliefs at T1 positively predicted lecture grades at T2 

(β = .31).  However, competency beliefs at T1 were not significantly related to intent to 

leave a STEM major at T2.  Neither values/interest at T1 (β = .09) nor effort cost at T1 (β 

< .01) significantly predicted chemistry II lecture grades at T2.  Furthermore, the 

relationship between values/interest at T1 and intent to leave a STEM major at T2 was 

non-significant (β = -.10).  However, effort cost at T1 significantly and positively 

predicted intent to leave the major at T2 (β = .33).  Students who felt more competent 

early in the semester also reported receiving higher grades in chemistry II early in the 

semester.  Students who perceived higher effort cost related to the major early in the 

semester were less committed to a STEM major early in the semester.  

From T1 to T3, as expected, competency beliefs at T1 significantly and positively 

predicted competency beliefs at T3 (β = .50); values/interest at T1 significantly and 

positively predicted values/interest at T3 (β = .53); effort cost at T1 significantly and 

positively predicted effort cost at T3 (β = .58).  Furthermore, the error terms between 

competency beliefs at T1, values/interest at T1, and effort cost at T1 were all significantly 
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correlated.  Thus, students who felt competent in their major early in the semester, valued 

their major early in the semester, and perceived effort costs early in the semester grew in 

these areas later in the semester. 

From T2 to T3, chemistry II lecture grades at T2 significantly predicted 

competency belief at T3 (β = .32) and values/interest at T3 (β = .16), suggesting that high 

grades at T2 predicted growth in competency beliefs and values/interests from T1 to T3. 

Chemistry II lecture grades at T2 also significantly predicted intent to leave a STEM 

major at T2 (β = -.20).  The relationship between chemistry II lecture grades at T2 and 

effort cost at T3 was non-significant (β = -.05).  Intent to leave a STEM major at T2 

significantly and negatively predicted values/interests at T3 (β = -.21) and significantly 

and positively predicted effort cost at T3 (β = .17).  These results suggest that intent to 

leave STEM at T2 predicted changes in values/interests and effort cost at T3 above and 

beyond prior valuing of the major and previous perceived effort costs.  Intent to leave 

STEM at T2 was not significantly related to competency beliefs at T3.  Finally, stable 

attributions at T2 did not predict competency beliefs at T3. 

From T3 to T4, after accounting for prior achievement, competency beliefs at T3 

significantly predicted chemistry II lecture grades at T4 (β = .37).  In other words, 

students who felt more competent in their major and expected success in the major 

performed better in general chemistry II at the end of the semester.  However, 

competency beliefs at T3 were not a significant predictor of intent to leave a STEM 

major at T4.  Values/interest at T3 negatively and significantly predicted intent to leave a 

STEM major at T4 (β = -.19) and effort cost at T3 positively predicted intent to leave a 

STEM major T4 (β = .30).  These paths were significant after accounting for prior scores 
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on the intent to leave STEM variable.  Participants who endorsed higher effort cost 

associated with a STEM major and lower valuing of a STEM major were more likely to 

endorse an intent to leave a STEM major (i.e., they are less committed to remaining in a 

STEM major).  Neither value/interest at T3 nor effort cost at T3 significantly predicted 

chemistry II lecture grades at T4.  As was the case at Time 1, error terms for competency 

beliefs at T3, values at T3, and effort costs at T3 were significantly correlated with each 

other.  Finally, unlike at T2, chemistry II lecture grades at T4 did not significantly predict 

intent to leave a STEM major at T4 after accounting for the effect of competency beliefs, 

values/interest, and effort costs on intent to leave STEM.  
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Figure 4.1. Model 1 Cross-lagged path model including effort cost. Error terms were estimated for the endogenous variables and error 
terms among the competency beliefs, values and effort cost variables were correlated at T1 and T2; *p < .05,  
**p < .01, ***p < .001
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Direct, indirect, and total effects of all of the variables on intent to leave STEM at 

T4 and self-reported chemistry II lecture grades at T4 are presented in Tables 4.10 and 

4.11 respectively.  In model 1, the predictor variables explained 56% of the variance in 

chemistry II grades (R2 = .559) at the end of the semester and 45% of the variance in 

intent to leave STEM (R2 = .446) at the end of the semester.   

Excluding intent to leave STEM at T2, effort cost at T1 had the largest total effect 

on intent to leave STEM at T4.  Thus, students who perceived higher effort cost early in 

the semester became less committed to a STEM major at T2 and experience higher effort 

cost later in the semester.  Students who were less committed at T2 valued their major 

less and perceived more effort costs later in the semester.  Finally, students who valued 

their major less and perceived more effort costs at this point in the semester became less 

committed to their major at the end of the semester.  Chemistry II lecture grades at T2 

had the largest total effect on chemistry II grades at T4.  However, after T2 chemistry II 

lecture grades, prior achievement, and competency beliefs at T3 had the largest total 

effect on chemistry II grades at T4.  Students who had higher achievement in previous 

semesters reported performing better in chemistry II at the end of the semester compared 

to students who had lower prior achievement.  Additionally, feeling competent at the end 

of the semester was important for achievement at the end of the semester. Achieved ego-

identity status had small yet significant and negative indirect effects on intent to leave 

STEM at T4 (β = -.12) and on chemistry II lecture grades at T4 (β = -.06).  These results 

indicated that achieved ego-identity status at the beginning of the semester was important 

in predicting students’ commitment to the major and chemistry II grades at the end of the 

semester; however, these effects were small and indirect in this model. 
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Table 4.9 

Model 1 Direct and Indirect Effects on Intent to Leave STEM at Time 4 

Variable Direct Indirect Total 

Prior Achievement – -.065* -.065* 

Achieved Ego-identity – -.121* -.121* 

Competency beliefs (T1) – .010 .010 

Values/interest (T1) – -.157* -.157* 

Effort Cost (T1) – .319* .319* 

Chemistry II Grade (T2) – -.126* -.126* 

Intent to leave STEM (T2) .368* .087* .455* 

Competency beliefs (T3) .040 -.001 .039 

Values/interest (T3) -.191* < .001 -.191* 

Effort Cost (T3) .296* < .001 .296* 
Note. T1 = time 1; T2 = time 2; T3 = time 3; *p < .05 

Table 4.10 

Model 1 Direct and Indirect Effects on Chemistry II Lecture Grades at Time 4 

Variable Direct Indirect Total 

Prior Achievement .186* .201* .387* 

Achieved Ego-identity – .057* .057* 

Competency beliefs (T1) – .344* .344* 

Values/interest (T1) – .031 .031 

Effort Cost (T1) – -.025 -.025 

Chemistry II Grade (T2) .390* .122* .511* 

Intent to leave STEM (T2) – -.017 -.017 

Competency beliefs (T3) .374* – .374* 

Values/interest (T3) -.028 – -.028 

Effort Cost (T3) -.038 – -.038 
Note. T1 = time 1; T2 = time 2; T3 = time 3; *p < .05 
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Model 2: Opportunity Cost 

Results of the analysis of Model 2, the opportunity cost model, revealed a good 

model fit (χ2 = 70.065, df = 35, p < .001, CFI = .97, RMSEA = .053, SRMR = .052).  

Results of model 2 are presented in Figure 4.2 below.  As with Model 1, prior academic 

achievement significantly and positively predicted competency beliefs at T1 (β = .37), 

chemistry II lecture grades at T2 (β = .14) and chemistry II lecture grades at T4 (β = .19).  

However, unlike the relationship between prior academic achievement and effort cost at 

T1 in model 1, the relationship between prior academic achievement and psychological 

cost at T1 (β = .03) was non-significant.  The relationship between prior academic 

achievement and interest/values at T1 (β = .08) was non-significant.  Achieved ego-

identity status at T1 significantly and positively predicted competency beliefs at T1 (β = 

.13) and values/interest at T1 (β = .23).  However, unlike the relationship between 

achieved ego-identity status and effort cost at T1 in model 1, achieved ego-identity status 

did not significantly predict opportunity cost at T1.  These results are consistent with the 

zero-order correlations, which indicated that there was no significant relationship 

between achieved ego-identity status and opportunity cost. 

From T1 to T2, competency beliefs at T1 positively predicted chemistry II lecture 

grades at T2 (β = .31) only and were not significantly related to intent to leave STEM at 

T2.  Neither values/interests at T2 nor opportunity cost at T2 were significant predictors 

of chemistry II lecture grades.  Values/interest at T1 significantly and negatively 

predicted intent to leave STEM at T2 (β = -.22); however, opportunity cost at T1 was not 

a significant predictor of intent to leave STEM at T2.  These results are different from 

model 1, where the relationship between values/interest at T1 and intent to leave STEM 
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at T2 had been non-significant and the relationship between effort cost at T1 and intent to 

leave STEM at T2 had been significant.  This indicates that in model 2 some of the 

variance in intent to leave STEM at T2 being attributed to values/interest at T1 should be 

attributed to effort cost.  Additionally, competency beliefs at T1 significantly and 

positively predicted competency beliefs at T3; values/interest at T1 significantly and 

positively predicted values/interest at T3, and opportunity cost at T1 significantly and 

positively predicted opportunity cost at T3.  Finally, the error terms between competency 

beliefs at T1, values/interest at T1, and effort cost at T1 were all significantly correlated.   

From T2 to T3, chemistry II lecture grades at T2 significantly predicted 

competency beliefs at T3 and values at T3 suggesting high grades at T2 predicted growth 

in competency beliefs and values from T1 to T3.  Furthermore, the relationship between 

chemistry II lecture grades at T2 and psychological cost at T3 was non-significant.  

Chemistry II grades at T2 also significantly predicted intent to leave a STEM major at T2 

(β = -.21).  These results were consistent with the results found in model 1. Intent to leave 

a STEM major at T2 significantly predicted values/interest at T3 (β = -.20); however, the 

path from intent to leave a STEM major at T2 to opportunity cost at T3 was non-

significant (β = .09).  This is different from model 1 where intent to leave STEM at T2 

had significantly predicted growth in effort cost.  Finally, once again, stable attributions 

did not predict competency beliefs at T3. 

From T3 to T4, competency beliefs at T3 predicted chemistry II lecture grades at 

T4 (β = .38).  However, competency beliefs at T3 were not a significant predictor of 

intent to leave a STEM major at T4.  Values/interest at T3 negatively and significantly 

predicted intent to leave a STEM major at T4 (β = -.29) and opportunity cost at T3 
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significantly and positively predicted intent to leave a STEM major at T4 (β = .12).  In 

other words, participants who endorsed higher valuing of a STEM major were less likely 

to endorse an intent to leave STEM (i.e., they are more committed to remaining in a 

STEM major); however, students who endorsed higher opportunity cost at T3 were more 

likely to think about leaving the major at T4.  These results are consistent with the effort 

cost model (model 1); however, the coefficient of the path from opportunity cost at T3 to 

intent to leave STEM at T4 (β = .12) was smaller than the coefficient of the path from 

effort cost at T3 to intent to leave STEM at T4 (β = .30).  Furthermore, the coefficient of 

the path from values/interest at T3 to intent to leave STEM at T4 (β = -.29) in model 2 

was larger than the coefficient of the path from values/interest at T3 to intent to leave 

STEM at T4 (β = -.19).  Neither values/interest at T3 nor psychological cost at T3 

significantly predicted chemistry II lecture grades at T4.  Correlations of the error terms 

for competency beliefs at T3 and values/interest at T3, and opportunity cost at T3 and 

values/interest at T3 were significant.  However, the correlation between error terms for 

competency beliefs at T3 and opportunity cost at T3 were non-significant.  Once again 

chemistry II lecture grades at T4 did not significantly predict intent to leave a STEM 

major at T4 after accounting for the effects of values/interest at T3 and opportunity cost 

at T3.   

Thus, many of the results in model 2 were the same as in model 1.  The primary 

differences were among the achieved ego-identity status, values/interest, cost, and intent 

to leave STEM variables.  In model 2, there was no relationship between achieved ego-

identity status and opportunity cost at T1.  Opportunity cost at T1 did not predict intent to 

leave STEM at T2, indicating there was no relationship between a concern with losing 
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valuable time with loved ones and students’ commitment to a STEM major early in the 

semester.  This was a concern at the end of the semester; however, this relationship was 

very small.  Furthermore, with effort cost excluded from the model additional variance in 

intent to leave STEM was attributed to values/interest at both time points. 
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Figure 4.2. Model 2 Cross-lagged path model including opportunity cost. Error terms were estimated for the endogenous variables and 
error terms among the competency beliefs, values and opportunity cost variables were correlated at T1 and T2; *p < .05, **p < .01, 
***p < .001
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Direct, indirect, and total effects of all of the variables on intent to leave STEM at 

T4 and self-reported chemistry II lecture grades at T4 are presented in Tables 4.11 and 

4.12 respectively.  In model 2, the predictor variables explained 56% of the variance in 

chemistry II grades (R2 = .558) at the end of the semester and 41% of the variance in 

intent to leave STEM (R2 = .405) at the end of the semester.   

Excluding intent to leave STEM at T2, values/interest at T3 had the largest total 

effect on intent to leave STEM at T4.  Thus, when effort cost is not accounted for, 

values/interest appears to have the biggest effect on students’ commitment to STEM 

(after prior commitment to STEM) and the total effect of values interest at T3 appears 

larger than when effort cost is included in the model as opposed to opportunity cost 

(Model 1 β = -.191 vs. Model 2 β = -.288).  The magnitude of the total effect of 

values/interest at T1 on intent to leave STEM at T4 was similar to that of the total effect 

of values/interest at T3 on intent to leave STEM at T4.  Consistent with the findings in 

model 1, after T2 chemistry II grades, prior achievement and competency beliefs at T3 

had the largest total effects on chemistry II lecture grades at T4.  The magnitude of the 

total effects of prior achievement (β = .387) and competency beliefs at T3 (β = .380) on 

chemistry II grades at T4 in model 2 were very similar to the total effects of prior 

achievement (β = .387) and competency beliefs at T3 (β = .374) on chemistry II grades at 

T4 in model 1.  Achieved ego-identity status had small yet significant and negative 

indirect effects on intent to leave STEM at T4 (β = -.08) and chemistry II grades at T4 (β 

= -.06); however, the total effect on intent to leave STEM at T4 was not as large as in 

model 1 (β = -.12).  This is due to the fact that there was a very small and non-significant 

relationship between achieved ego-identity status and opportunity cost in model 2.   
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Table 4.11 

Model 2 Direct and Indirect Effects on Intent to Leave STEM at Time 4 

Variable Direct Indirect Total 

Prior Achievement – -.052 -.052 

Achieved Ego-identity – -.077* -.077* 

Competency beliefs (T1) – -.040 -.040 

Values/interest (T1) – -.278* -.278* 

Opportunity Cost (T1) – .124* .124* 

Chemistry II Grade (T2) – -.144* -.144* 

Intent to leave STEM (T2) .412* .069* .482* 

Competency beliefs (T3) -.001 .002 .001 

Values/interest (T3) -.288* < .001 -.288* 

Opportunity Cost (T3) .121* < .001 .121* 
Note. T1 = time 1; T2 = time 2; T3 = time 3; *p < .05 

Table 4.12 

Model 2 Direct and Indirect Effects on Chemistry II Lecture Grades at Time 4 

Variable Direct Indirect Total 

Prior Achievement .185* .202* .387* 

Achieved Ego-identity – .055* .055* 

Competency beliefs (T1) – .348* .348* 

Values/interest (T1) – .043 .043 

Opportunity Cost (T1) – -.009 -.009 

Chemistry II Grade (T2) .388* .123* .511* 

Intent to leave STEM (T2) – -.016 -.016 

Competency beliefs (T3) .380* – .380* 

Values/interest (T3) -.015 – -.015 

Opportunity Cost (T3) -.031 – -.031 
Note. T1 = time 1; T2 = time 2; T3 = time 3; *p < .05 



 134 

Model 3: Psychological Cost 

Results of the analysis of Model 3, which included psychological cost in the 

model, revealed a good model fit (χ2 = 77.122, df = 35, p < .001, CFI = .96, RMSEA = 

.058, SRMR = .054).  Results of the final model are presented in Figure 4.3.  As with 

models 1 and 2, prior academic achievement significantly and positively predicted 

competency beliefs at T1 (β = .37), chemistry II lecture grades at T2 (β = .13) and 

chemistry II lecture grades at T4 (β = .18).  The relationship between prior academic 

achievement and psychological cost at T1 was non-significant as was the relationship 

between prior academic achievement and values/interests at T1.  Achieved ego-identity 

status at T1 once again significantly and positively predicted competency beliefs at T1 (β 

= .13) and values/interest at T1 (β = .23).  Consistent with results form zero-order 

correlations, achieved ego-identity status did not significantly predict psychological cost 

at T1.  These results are similar to model 2 in that prior achievement and achieved ego-

identity status did not predict psychological cost.  Thus, across all three models, prior 

achievement and achieved ego-identity status only predicted effort cost.  Students who 

came into the semester with higher prior achievement and more ego-identity achieved 

perceived lower effort cost at the beginning of the semester compared to students with 

lower prior academic achievement and who were less ego-identity achieved.  However, 

prior academic achievement and the level of ego-identity achievement at the start of the 

semester did not matter in students’ perceptions of psychological and opportunity costs. 

From T1 to T2, competency beliefs at T1 positively predicted chemistry II lecture 

grades at T2 (β = .32) only and were not significantly related to intent to leave STEM at 

T2.  Students who felt more competent in the beginning of the semester reported higher 
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chemistry II grades early in the semester, but there was no relationship between 

competency beliefs early in the semester and students’ commitment to STEM early in the 

semester.  Consistent with model 2 and inconsistent with model 1, values/interest at T1 

significantly and negatively predicted intent to leave STEM at T2.  Similar to the results 

of model 2, psychological cost at T1 did not predict chemistry II lecture grades at T2 or 

intent to leave a STEM major scores at T2.  Once again, this indicates variance in intent 

to leave STEM at T2 was incorrectly being attributed to values/interest at T1 when effort 

cost is not included in the model. 

As in the previous two models, competency belief at T1 significantly and 

positively predicted competency belief at T3 (β = .49); values/interest at T1 significantly 

and positively predicted values/interest at T3 (β = .55); psychological cost at T1 

significantly and positively predicted psychological cost at T3 (β = .64).  The error terms 

between competency beliefs at T1, value at T1, and effort cost at T1 were all significantly 

correlated.   

From T2 to T3, chemistry II lecture grades at T2 significantly predicted 

competency belief at T3 (β = .32) and values/interest at T3 (β = .16) suggesting high 

grades at T2 predicted growth in competency beliefs and values from T1 to T3. 

Consistent with models 1 and 2, the relationship between chemistry II lecture grades at 

T2 and psychological cost at T3 was non-significant.  Chemistry II grades at T2 

significantly predicted intent to leave a STEM major at T2 (β = -.20). The magnitude of 

these paths was consistent across all three models.  Intent to leave a STEM major at T2 

significantly predicted values/interest at T3 (β = -.20), but the path from intent to leave a 

STEM major at T2 and psychological cost at T3 was non-significant.  These results 
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suggest intent to leave the major predicted changes in values but not psychological costs 

from T1 to T3.  Stable attributions did not predict competency beliefs at T3.  Across all 

three models, students who are less committed to STEM early in the semester perceive 

higher effort costs later in the semester compared to students who are more committed; 

however, there is no relationship between commitment to the major earlier in the 

semester and the other costs. 

From T3 to T4, competency beliefs at T3 predicted chemistry II lecture grades at 

T4 (β = .39).  Once again, competency beliefs at T3 were not a significant predictor of 

intent to leave a STEM major at T4.  Values/interest at T3 negatively and significantly 

predicted intent to leave a STEM major at T4 (β = -.32) and the relationship between 

psychological cost and intent to leave STEM at T4 was non-significant.  Once again, the 

magnitude of the relationship between values/interest at T3 and intent to leave STEM at 

T4 (β = -.32) in model 3 was larger than the relationship between values/interest at T3 

and intent to leave STEM at T4 (β = -.19) in model 1.  Thus, values/interest appears to 

have a stronger effect on intent to leave STEM at T4 when the variance of effort cost is 

not accounted for.  Thus, participants who endorsed higher valuing of a STEM major 

were less likely to endorse intentions to leave a STEM major (i.e., they are more 

committed to remaining in a STEM major); however there was no relationship between 

level of endorsing opportunity costs and intent to leave STEM at T4.  Neither 

values/interest at T3 nor psychological cost at T3 significantly predicted chemistry II 

lecture grades at T4.  Correlations of the error terms between competency beliefs at T3, 

values/interest at T3, and psychological cost at T3 were all significant.  However, error 

terms for values/interest at T3 and psychological cost at T3 were not correlated.  Finally, 



 137 

chemistry II lecture grades at T4 did not significantly predict intent to leave a STEM 

major at T4.  
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Figure 4.3. Model 3 Cross-lagged path model including psychological cost. Error terms were estimated for the endogenous variables 
and error terms among the competency beliefs, values and psychological cost variables were correlated at T1 and T2; *p < .05,  
**p < .01, ***p < .001
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Direct, indirect, and total effects of all of the variables in model 3 on intent to 

leave STEM at T4 and self-reported chemistry II lecture grades at T4 are presented in 

Tables 4.13 and 4.14 respectively.  In model 3, the predictor variables explained 56% of 

the variance in chemistry II grades (R2 = .557) at the end of the semester and 39% of the 

variance in intent to leave STEM (R2 = .390) at the end of the semester.   

Consistent with model 2, values/interest at T3 had the largest total effect on intent 

to leave STEM at T4 after accounting for intent to leave STEM at T2.  This effect (β = -

.324) was larger in magnitude than the total effect of values/interest at T3 on intent to 

leave STEM at T4 in model 2 (β = -.288) and much larger than the effect of 

values/interest at T3 on intent to leave STEM at T4 in model 1 (β = -.191).  Again, these 

results illustrate the shared variance among effort cost, values/interest, and intent to leave 

STEM at T4.  Consistent with models 1 and 2, prior achievement and competency beliefs 

at T3 had the largest total effects on chemistry II grades at T4 after accounting for T2 

chemistry II grades.  Finally, in model 3, achieved ego-identity status had small yet 

significant and negative indirect effects on intent to leave STEM at T4 (β = -.05) and 

chemistry II lecture grades at T4 (β = -.08); however, the total effect on intent to leave 

STEM at T4 was not as large as in model 1 (β = -.121) or model 2 (β = -.08) since 

achieved ego-identity status had a significant effect on effort cost but not on opportunity 

cost or psychological cost.   

Across all three models, achieved ego-identity status did have significant indirect 

effects on intent to leave STEM at T4.  In other words, students who started the semester 

more ego-identity achieved were more committed to STEM at the end of the semester.  

These effects were indirect and the magnitude of the effect depended on which kind of 
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cost was included in the model.  The biggest effect was found with effort cost in the 

model; however, the total effect of achieved ego-identity on intent to leave STEM at T4 

was small across all three models.  Consistent with some prior research, competency 

beliefs consistently predicted chemistry II grades across all three models but competency 

beliefs were not significantly related to intent to leave STEM (directly).  On the other 

hand, values/interest significantly predicted intent to leave STEM across all three models, 

but was non-significantly related to chemistry II grades.  The timing of when 

values/interest significantly predicted intent to leave STEM depended on which of the 

three costs were included in the model.  In model 1, when effort cost was included, 

values/interest predicted intent to leave STEM at the end of the semester only.  However, 

when opportunity cost (model 2) or psychological cost (model 3) was included in the 

model, values/interest predicted intent to leave STEM at the beginning and end of the 

semester.  Finally, whether cost was significant in predicting intent to leave STEM 

depended on which kind of cost was included in the model.  Effort cost significantly and 

positively predicted intent to leave STEM in the beginning and end of the semester.  

Opportunity cost significantly and positively predicted intent to leave STEM at the end of 

the semester only.  Finally, there was no relationship between psychological cost and 

intent to leave STEM at any point in the semester.  These results are discussed in further 

detail in Chapter 5. 
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Table 4.13 

Model 3 Direct and Indirect Effects on Intent to Leave STEM at Time 4 

Variable Direct Indirect Total 

Prior Achievement – -.063* -.063* 

Achieved Ego-identity – -.075* -.075* 

Competency beliefs (T1) – -.049 -.049 

Values/interest (T1) – -.312* -.312* 

Psychological Cost (T1) – -.024 -.024 

Chemistry II Grade (T2) – -.147* -.147* 

Intent to leave STEM (T2) .422* .065* .487* 

Competency beliefs (T3) -.003 .001 -.001 

Values/interest (T3) -.324* < .001 -.324* 

Psychological Cost (T3) -.016 < .001 -.016 
Note. T1 = time 1; T2 = time 2; T3 = time 3; *p < .05 

Table 4.14 

Model 3 Direct and Indirect Effects on Chemistry II Lecture Grades at Time 4 

Variable Direct Indirect Total 

Prior Achievement .184* .204* .388* 

Achieved Ego-identity – .052* .052* 

Competency beliefs (T1) – .355* .355* 

Values/interest (T1) – .049 .049 

Psychological Cost (T1) – .043 .043 

Chemistry II Grade (T2) .384* .125* .510* 

Intent to leave STEM (T2) – -.014 -.014 

Competency beliefs (T3) .387* – .387* 

Values/interest (T3) -.009 – -.009 

Psychological Cost (T3) .020 – .020 
Note. T1 = time 1; T2 = time 2; T3 = time 3; *p < .05 
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Alternative Path Model 

To examine research question 2b, I analyzed an alternative model, which included 

a direct path from achieved ego-identity status to intent to leave STEM at T2 (see Figure 

4.4).  I included effort cost in this model since effort cost was the only cost variable 

associated with achieved ego-identity status.  A significant path from achieved ego-

identity status to intent to leave STEM at T2 would support a partial mediation of effort 

cost between achieved ego-identity status and intent to leave STEM.  However, a non-

significant path would lend support to full mediation of effort cost in the relationship 

between achieved ego-identity status and intent to leave STEM at T2.   

As with the initial Model, results of the analysis revealed a good model fit (χ2 = 

70.538, df = 34, p < .001, CFI = .97, RMSEA = .054, SRMR = .052).  Results of the 

analysis for model 4 are presented in Figure 4.4.  Path coefficients were very similar to 

the coefficients in model 1.  For example, effort cost at T2 and chemistry II lecture grades 

at T2 remained significant predictors of intent T2 (β = .31 and β = -.20 respectively).  

Furthermore, these paths were of a similar magnitude, though the path from effort cost at 

T2 to intent to leave STEM at T2 was slightly smaller than the magnitude of this 

coefficient in model 1.  Of primary interest to the research question, the path from 

achieved ego-identity status to intent to leave a STEM major at T2 was non-significant (β 

= -.07).  I evaluated the difference between nested models using the Satorra-Bentler 

scaled chi-square difference test, which is necessary when robust estimation methods 

(e.g., MLR) are used (Muthén & Muthén, 2007).  The change in df from the nested model 

(i.e., Model 1) to the comparison model (i.e., Model 4) was 1 and the adjusted chi-square 

difference was 1.592, which is a non-significant difference.  These results suggest that 
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model 1, which is more parsimonious, should be accepted as the final model (Kline, 

2011).  These results suggest achieved ego-identity status only has an effect on intent to 

leave STEM at T2 because it has an effect on effort cost at T1, which has an effect on 

intent to leave STEM at T2.  In other words, effort cost at T1 fully mediates the 

relationship between achieved identity status and intent to leave STEM at T2. 

 

Table 4.15 

Difference in Model Fit Between Model 1 and Model 4 Using Satorra-Bentler Adjusted χ2 

Difference Test. 

Model Adjusted χ2 df 
Satorra-Bentler 

Δχ2 Δdf p 

Partially mediated model (Model 4) 79.92 36    

Fully mediated model (Model 1) 78.16 35 1.59 1 < .05 
Note. χ2 and Δχ2 values are adjusted values 
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Figure 4.4. Model 4 cross-lagged path model including direct effect of achieved status on intent to leave STEM at T2. Error terms 
were estimated for the endogenous variables and error terms among the competency beliefs, values and effort cost variables were 
correlated at T1 and T2; *p < .05, **p < .01, ***p < .001
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CHAPTER 5 

DISCUSSION 

 

The primary aims of this study were threefold: the first aim was to take an initial 

step in empirically examining relationships between identity formation and motivation 

within an expectancy-value theory framework, which to this point have mostly been 

discussed theoretically (Eccles, 2009).  The second aim was to help fill a gap in the 

expectancy-value model by examining the unique contribution of cost to decision making 

in an academic context.  The third aim was to understand the cross-lagged effects of 

motivation and achievement over the course of a semester in order to further understand 

the factors that lead to students’ decisions to leave STEM majors.   

Even though relationships between expectancy-value constructs—such as task 

value—and academic choice behavior (e.g., course choice) have been well established in 

extant research, very few studies have examined the role of perceived cost in academic 

decisions (Wigfield et al., 2009).  Within the expectancy-value framework, both identity 

formation and perceived cost are deemed critical for academic achievement and, 

especially, academic choices.  Yet there is scarce empirical evidence supporting the role 

of identity formation and perceived cost in academic achievement and academic choice.  

This study helped fill these gaps by bringing together the expectancy-value model and 

Marcia’s (1966, 1983) ego-identity status model and by examining the role of three kinds 

of cost in students’ intent to remain in a STEM major.  Furthermore, results of this study 

demonstrated the effects of motivation on achievement and choice intentions and the 
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subsequent effects of achievement and choice intentions on motivation over the course of 

a 15-week semester.   

I investigated the following research questions: 1) What is the unique contribution 

of achieved ego-identity status to values, costs and competency beliefs after accounting 

for prior achievement?  2) What are the relationships between achieved ego-identity 

status, values, costs, and competency beliefs, and course grades and intentions to leave a 

STEM major over the course of a semester?  2a) What is the unique contribution of 

perceived cost to intent to leave a STEM major over the course of a semester?  2b) Do 

values, competency beliefs, and costs at Time 1 mediate the relationship between 

achieved ego-identity scores at Time 1 and intent to leave a STEM major at Time 2?   

Broadly, results of the study supported hypothesized relationships among 

achieved ego-identity status, values, cost, and competency beliefs.  Values, and especially 

effort cost, were significant predictors of participants’ intent to leave a STEM major over 

the course of a semester.  Competency beliefs were a significant predictor of self-reported 

chemistry II grades throughout the semester.  These paths were significant even after 

controlling for prior achievement.  However, competency beliefs were not significantly 

related to intent to leave STEM and values and costs were not significantly related to 

self-reported chemistry II lecture grades.  The results found here are consistent with both 

theory and prior research.  In the remainder of this chapter, I will discuss the results of 

each research question in further detail.  A discussion of the results globally will follow.  

Finally, I will discuss implications for practice, future research and limitations of the 

study.   
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RQ1: What are the Cross-sectional Relationships Between Achieved Ego-identity 

Status and Expectancy-value Constructs? 

Results of three multiple regression analyses indicated that achieved ego-identity 

status significantly and positively predicted values at T1 and significantly and negatively 

predicted effort cost at T1 after accounting for prior achievement.  Achieved ego-identity 

status and prior achievement explained a modest amount of variance for values/interest 

(R2 = .11) and effort cost (R2 = .12).  Furthermore, achieved ego-identity status did not 

significantly predict competency beliefs after adjusting the alpha level to p < .017 to 

account for multiple comparisons.  The relationship between achieved ego-identity status 

and competency beliefs only approached significance (β = .11, p = .03).  Therefore, 

being more ego-identity achieved was related to valuing STEM more and perceiving 

lower costs in STEM.  In other words, students who explored their major and career more 

and were more committed to that major and career saw their STEM major as more 

valuable.  These students also felt the effort to be successful in their major was more 

worthwhile.  The results lend initial support to theory that suggests identity is closely 

related to expectancy-value constructs, especially task values and costs (Eccles, 2009).  

Within the context of the study, the results were also important in establishing that 

achieved ego-identity status should be included in the cross-lagged path analyses. 

In model 1 of the cross-lagged path analyses, achieved ego-identity status 

significantly and positively predicted values and competency beliefs and negatively 

predicted effort cost after controlling for prior achievement.  Consistent with the zero-

order correlations and regression analyses, the coefficient for the path from achieved ego-

identity status to competency beliefs at T1 (β = .13) was smaller than the paths from 
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achieved ego-identity status to values/interest at T1 (β = .23) and effort cost at T1 (β = 

.27); however, the significance of this difference was not tested.  Moreover, the 

coefficient for the relationship between achieved ego-identity status and effort cost at T1 

(β = -.27) was twice as large as the coefficient between achieved ego-identity status and 

competency beliefs at T1 (β = .13).  Thus, in model 1, achieved ego-identity status most 

strongly predicted effort cost at T1 and interest/values at T1 and only weakly predicted 

competency beliefs at T1.  According to Eccles (2009) choices that are enactments of our 

identity commitments should be more highly valued.  The results here support this 

premise.  Students who were more committed to a STEM occupation/academic identity 

after exploration valued a STEM major more and perceived lower effort costs.  However, 

it remains a question whether identity committed students who came to their commitment 

via some other process (e.g., the wishes of their parents) would also value their major 

more and perceive lower effort costs.  Future research should examine the role of 

different ego-identity statuses, especially the foreclosed status, in students valuing of 

their major and perceptions of costs. 

Interestingly, achieved ego-identity status was only significantly related to effort cost 

and not opportunity cost or psychological cost.  In other words, in this sample, achieved 

ego-identity status was unimportant for predicting perceived psychological cost or 

opportunity cost, but achieved ego-identity status was important in predicting students’ 

perceived effort cost of the major.  These results are important as they provide evidence 

that cost is likely not a unitary construct since different kinds of cost are differentially 

related to the same construct.   
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Eccles does not explicitly hypothesize about the differential relationships between 

identity and different kinds of costs as she does with identity and the different value 

components.  Therefore, these results have potential theoretical implications.  Just as 

Eccles believes identity is related to different task values (i.e., attainment, utility, 

intrinsic) for different reasons, these results suggest identity may be more or less related 

to different costs.  For example, it is possible that achieved ego-identity is more closely 

tied to effort cost because students who have explored and committed to an 

occupational/academic identity will have chosen a major that is more closely tied to their 

own identity commitments and identifications.  Their choice will, therefore, be an 

enactment of their occupational/academic identity, and the effort put into a choice that is 

an enactment of one’s identity should be deemed more worthwhile (Eccles, 2009).  

However, commitment to an occupational/academic identity may make no 

difference in terms of perceiving the psychological or opportunity costs associated with a 

STEM major.  In other words, regardless of how committed a student is to his or her 

major, he or she would likely still perceive that having a STEM major requires sacrificing 

time with family and friends (opportunity cost) and will be stressful (psychological cost).  

A second possibility is that students who have explored their occupational/academic 

identity and committed to an occupational identity in science perceive a science major as 

less effortful because they have a better sense of their own skills and abilities than 

students who have not engaged in identity exploration.  As a result of their exploration, 

these students would likely have a better sense of their strengths, values and interests, and 

may have made a better initial choice (i.e., a choice that is more in line with their own 

skills, values, and interests).   
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While the theoretical relationships between identity, competency beliefs, and task 

values have been posited (Eccles, 2009), there is a paucity of empirical research to 

support these claims.  One of the few examples of studies that examined both identity and 

expectancy value constructs, which comes from the field of Sports Psychology, yielded 

results consistent with the findings here.  Using structural equation modeling techniques 

Cox and Whaley (2004) found basketball identity—defined as identification with 

basketball—significantly predicted expectancy for success (i.e. competency beliefs) and 

values.  However, cost was not included in these analyses.  Furthermore, Cox and 

Whaley found a larger relationship between identity and competency beliefs than the 

relationship found in this study.  Finally, their study was in a different domain 

(basketball) and they did not account for prior basketball ability.  Still, identity was more 

strongly related to most values than competency beliefs.  The results of the current study 

not only lend further empirical support to theory, they also serve to extend the literature 

by examining an alternative identity construct (ego-identity status vs. identification) in a 

different domain (academic vs. sports).   

To my knowledge, there has been no prior research examining the relationship 

between Marcia’s (1966) ego-identity statuses and expectancy-value constructs.  

Marcia’s conception of identity takes into account the processes by which identity 

commitments are formed, providing a richer picture of identity formation than identity 

commitments alone.  Furthermore, these findings extend expectancy-value theory by 

examining different perceived costs, which were differentially related to achieved ego-

identity status.  Further research is needed to understand why effort cost, but not other 

kinds of cost, is related to achieved ego-identity status.  In terms of the differential 
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relationships between achieved ego-identity status and different task values, one 

limitation of the present study is that values and interest were each measured as a unitary 

construct in this study.  Yet achieved ego-identity status may be differentially related to 

the different values and also to interest.  For example, Cox and Whaley (2004) found that 

basketball identity (defined as identification as a basketball player) was most strongly 

related to attainment value (β = .929) followed by intrinsic value (β = .777) and utility 

value (β = .565).  Further research is needed to continue to build empirical evidence for 

the theoretical relationships between identity formation, expectancy beliefs, values, and 

costs. 

RQ2, 2a and 2b: The Cross-lagged Relationships Between the Constructs 

Fit statistics for three complex cross-lagged path analyses revealed a good model 

fit in all three models, lending support to the a priori theoretical relationships modeled.  

Broadly speaking, in all three models motivation significantly predicted achievement and 

intentions, intentions and achievement then significantly predicted motivation, which 

then predicted achievement and intentions.  These results are consistent with findings in 

prior research.  For example, Durik et al. (2006) found that reading grade in 3rd grade was 

related to 4th grade attainment value.  In another example, Bong (2001b) found that 

college students’ enrollment intentions predicted task value later in a semester, which 

then predicted enrollment intentions at the end of the semester.  Furthermore, consistent 

with findings in Bong’s study, the relationship between values/interest and intent were 

stronger at the end of the semester.   

Some findings from the three path analyses were inconsistent with prior research.  

For example, unlike in Bong (2001b) where midterm exam scores were not related to task 



 152 

values later in a college semester, chemistry II course grades did have a small yet 

significant effect on value/interest from T2 to T3 in this study.  Students who were 

performing better in the chemistry II course at T2 grew in their valuing of the major at 

T3.  Conversely, lower performing students began to value their major less.  Valuing and 

interest in the major was then related to students’ intent to remain in their major.  Thus, 

for these students, both grades and intentions were predictive of values.  Grades were also 

a predictor of competency beliefs in all three models.  This is consistent with longer-term 

longitudinal findings, where 3rd grade reading grades and 8th grade English grades 

predicted 4th grade and 10th grade self-concept of ability (Durik et al., 2006).  However, 

Bong (2001b) found that self-efficacy was only predictive of grades at the end of a 

semester.  Different results may have been found in this study had self-efficacy been 

included in the three models rather than competency beliefs.  Future studies should gather 

data from a large enough sample to include both constructs in longitudinal models.  The 

relationships between perceived cost, achievement, and enrollment intentions have not 

been examined longitudinally in prior research.  The results related to cost are discussed 

in detail below. 

RQ 2a: The Unique Contribution of Cost to Intent to Leave STEM 

First, while scores on the three perceived costs were lower in comparison to 

values in this sample of students, participants in the study did experience effort costs, 

psychological costs, and opportunity costs associated with their science major (M effortT3 = 

2.79, SD = .90; M psychT3 = 3.87 SD = 1.13; M opportunityT3 = 2.90, SD = 1.11), and all three 

cost variables were normally distributed.  Thus, students endorsed experiencing different 

kinds of cost associated with the major.  These findings are consistent with qualitative 
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findings with a similar sample of students, where students identified different kinds of 

costs, which were categorized into those measured here (Perez, Bergey, Cromley, 

Agbenyega, & Horvat, 2011).  When considering the results related to cost, two key 

findings were evident.  First, cost proved to be an important factor in students’ intentions 

to leave STEM above and beyond values/interest and competency beliefs.  However, cost 

was not related to chemistry II grades in any model.  Second, the different kinds of cost 

were not created equal with this sample of students.  In other words, not all kinds of cost 

were predictive of the outcome variables, which resulted in slightly different patterns of 

results when different costs were included in the primary model.   

The Unique Contribution of Effort Cost to Intent to Leave STEM 

In model 1, effort cost at T1—which assessed whether the effort required to 

complete a science major was worthwhile—was the strongest predictor of intent to leave 

STEM at T2 (β = .33), and effort cost at T3 was again the strongest predictor of intent to 

leave STEM at T4 (β = .30) after accounting for intent to leave STEM at T2.  These 

effects were significant above and beyond the effect of values/interest and competency 

beliefs at both time points.  Furthermore, the total effect of effort cost at T1 (β = .32) on 

intent to leave STEM at T4 was significant, as was the total effect of effort cost at T3 (β 

= .30).  Thus, perceived effort cost at the beginning of the semester and end of the 

semester are both important in predicting students’ intent to leave STEM at the end of the 

semester.  It is logical that students who do not perceive the effort required for their 

STEM major as worthwhile would not be as committed to the major.  What is unclear is 

why students saw the effort required in the major as worthwhile or not.  It is possible that 

students who lack organizational skills were overwhelmed by the amount of work.  It is 
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also possible that students who valued another domain that was perceived to be less work 

just as much (e.g., history) were more likely to perceive the effort required for a science 

major as less worthwhile.  This study does provide evidence that students who were less 

committed to an occupational/academic ego-identity were more likely to perceive higher 

effort costs associated with the major.  However, qualitative methods, such as interviews, 

would help to elucidate the specific reasons why the effort required of a STEM major is 

worthwhile or not to students. 

The Unique Contribution of Opportunity Cost 

While effort cost was a significant predictor of intent to leave STEM at T2 and at 

T4, the same could not be said for opportunity cost.  In model 2, opportunity cost at T1—

which assessed lost opportunities to spend time with friends and family as a result of 

having a STEM major—did not significantly predict intent to leave STEM at T2 (β = 

.10).  However, opportunity cost at T3 was a very small but significant positive predictor 

of intent to leave STEM at T4 (β = .12, p < .05).  The total effects of opportunity cost at 

T1 and opportunity cost at T3 on intent to leave STEM at T4 were the same (β = .12, p < 

.05).  Given these results, it would seem that those students who increasingly perceive 

opportunity costs associated with a STEM major also grow less committed to a STEM 

major.  However, the total effects of opportunity cost on commitment to staying in a 

STEM major at the end of the semester are negligible.  Furthermore, the total effects of 

effort cost at T1 and T3 on intent to leave STEM at T4 were more than twice that of the 

total effect of opportunity cost at each time point on intent to leave STEM at T4.  Thus, 

effort cost is a much more potent predictor of intent to leave STEM than opportunity cost 

or psychological cost for these students.   
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It is possible that as students experience more opportunity costs, the effort 

required for the major becomes less worthwhile.  This premise is supported by the results 

of zero-order correlations between effort cost and opportunity cost.  Effort cost and 

opportunity cost had large and positive significant correlations with each other and each 

had moderate to strong significant correlations with intent to leave STEM at T4. 

The Unique Contribution of Psychological Cost 

In model 3, psychological cost at T1 did not significantly predict intent to leave 

STEM at T2 (β = -.01), and psychological cost at T3, again, did not significantly predict 

intent to leave STEM at T4 (β = -.02).  In all, there were no significant effects of 

psychological cost at T1 or T3 on intent to leave STEM at T4.  While mean scores on the 

psychological cost variable indicated that students endorsed experiencing costs associated 

with stress and fear of failure in a STEM major, this was not related to students’ 

commitment to a STEM major.  It is unclear why psychological cost would not matter for 

these students.  It is possible that all STEM students, regardless of their commitment to a 

STEM major, perceive psychological costs.  In other words, stress and anxiety may just 

come with the territory of being a STEM major.  It is also possible that students would 

see majors outside of STEM as equally stressful.  Finally, it is also possible that the items 

measuring psychological cost were tapping other constructs, such as contingent self-

worth (Crocker, Luthanen, Cooper, & Bouvette, 2003) or some other construct not related 

to choice behavior.   

Taken together the findings related to cost are important for both the further 

development of expectancy-value theory and future research.  No study, to my 

knowledge, has broken down perceived cost into different components as has been done 
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with the positive task values (i.e., attainment, utility, and intrinsic).  However, the results 

of this study suggest that it may be important to do so.  For these students, effort cost was 

most important in predicting intent to leave STEM over the course of a semester.  

However, other kinds of cost may be important for students in other disciplines or in 

other contexts.  Even though there are no other studies that examine cost in this way, 

generally the results here are consistent with prior research.  In one of the few studies that 

examined cost in an academic setting, Battle and Wigfield (2003) found cost to be a 

significant negative predictor of female undergraduate students’ intentions to enroll in 

graduate school (β = -.137) above and beyond the other task values.  Their findings 

indicated that perceived cost was the strongest predictor of enrollment intentions.  

However, in Battle and Wigfield, cost factored as a unitary construct and their study was 

cross-sectional.  Therefore, this study has the added value of examining cost over time 

and decomposing cost into its parts.   

This is important since the effect of cost may have been missed in previous 

studies and undue variance may have been attributed to positive task values.  Evidence of 

this can be found in the results of this study.  In model 1, the path from values/interest at 

T1 to intent to leave STEM at T2 was non-significant.  However, in models 2 and 3, 

which included the other costs (opportunity cost and psychological cost respectively), 

values/interest at T1 did significantly predict intent to leave STEM at T2.  These results 

suggest that in models 2 and 3, some of the variance in intent to leave STEM at T2 was 

inappropriately attributed to values/interest at T1.  In other words, there is shared 

variance between values/interest, effort cost, and intent to leave STEM that is missed 

when effort cost is not included in the model.  This can be explained in light of the 
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patterns of correlations found between the three costs, values/interest, and intent to leave 

STEM T2.   Results of zero-order correlations indicated that opportunity cost (r = .15, p < 

.05) and psychological cost (r = .08, ns) were weakly correlated with intent to leave 

STEM T2, whereas effort cost T1 had a moderately strong correlation with intent to leave 

STEM T2 (r = .34).  Vales/interest at T1 had a medium correlation with intent to leave 

STEM at T2 (r = -.29).  Furthermore, values/interest at T1 and effort cost at T1 were 

highly correlated with each other (r = -.55).  This correlation was almost twice as large as 

the correlations between values/interest at T1 and psychological cost at T1 (r = -.27) and 

opportunity cost at T1 (r = -.28).  Taken together the change in patterns of results in the 

different models can be understood in light of the correlations between the different 

variables.   

The results related to cost were partially consistent with what was hypothesized.  

Cost was an important unique predictor of intent to leave STEM; however, effort cost 

was most important and psychological cost was unrelated to intent to leave STEM.  Why 

is perceived effort cost more important for predicting intent to leave STEM than 

opportunity cost or psychological cost?  It is possible that the items related to effort cost 

capture perceived costs more globally than items related to psychological or opportunity 

costs do.  For example, any student in a science major may perceive stress or the loss of 

opportunity to be with family and friends as part of a STEM major since any major 

requires a commitment in time and energy for most students.  In other words, sacrifices 

will be necessary for all students.  However, perhaps what really matters is whether or 

not students perceive the effort required to be successful in a STEM major as worthwhile.  

Perhaps students who perceive the effort as worthwhile would also see the sacrifices in 
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spending time with friends and the stress and anxiety associated with the major as 

worthwhile.  On the other hand, if a student does not perceive the effort required to be 

successful as worthwhile, that student may be less likely to tolerate opportunity costs and 

psychological costs associated with the major.  If this line of reasoning were true, this 

begs the question: what makes the effort required to be a STEM major worthwhile?  The 

results found in this study suggest ego-identity status is an important factor in students’ 

perceived effort cost since endorsement of achieved ego-identity status predicted 

perceiving lower effort cost associated with a STEM major.  In other words, students who 

were more committed to an occupational/academic ego-identity through a process of 

identity exploration were less likely to believe the effort required to be successful in a 

STEM major was not worthwhile. 

RQ 2b: Do Beliefs and Values Mediate the Relationship Between Identity and Intent to 

Leave STEM? 

The final research question of the study examined whether achieved ego-identity 

status was directly related to intent to leave STEM at time 2 or whether the relationship 

was fully mediated by competency beliefs and task value as would be hypothesized by 

expectancy-value theory (Eccles, 2009).  Results of model 4 indicated a direct path from 

achieved ego-identity status to intent to leave STEM at T2 was non-significant.  

Furthermore, achieved ego-identity status had an indirect relationship with intent to leave 

STEM T2 through effort cost at T1 in model 1 and through values/interest at T1 in 

models 2 and 3.  These results support Eccles’ theory that competency beliefs and values 

are most closely related to choice behavior (although in this case only values and effort 

cost were directly related to intent to leave STEM).  They also fit with the findings of 
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Cox and Whaley (2004), though with a different identity construct and different 

outcomes.  In their model, the relationship between identification with basketball and 

effort was mediated by expectations (i.e., competency beliefs) and task values.  Of 

course, it is possible that the relationship between competency beliefs, task values, and 

achieved ego-identity status is reciprocal.  It is likely that as students come to value their 

major more and feel more competent in their major, they will also move closer to identity 

achievement.  This premise would be consistent with Eccles’ theory.  It is also possible 

that other identity constructs not considered here would have a direct effect on intent to 

leave STEM.  More research is needed to test these assertions. 

Implications 

There are several implications of these results to theory, future research, and 

practice.   First, the relative effects of different perceived costs should be considered.  

Eccles and colleagues (Eccles, 1983; Eccles & Wigfield, 2002) have broken down task 

value into four components: attainment value, utility value, intrinsic value, and perceived 

cost.  It may be theoretically useful to consider different kinds of cost as well.  As has 

been demonstrated in the current study, different costs may be more or less important for 

academic choices in college.  Additional theory development and research is needed to 

determine whether or not perceived cost is in fact a unitary construct. 

Second, encouraging students to commit to an occupational/academic identity 

through a process of identity exploration may support the valuing of a STEM major and 

help to mitigate perceived effort cost.  In other words, as students explore and become 

more committed to STEM, they may begin to view the major as important, useful, and 

interesting, and also as more worthwhile.  It may be beneficial, prior to entering college, 
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to encourage and assist high school students with their exploration of potential 

occupations within the sciences.  This is also important after students enroll in college, 

since most new college students are likely in an exploratory phase related to their 

occupational identity in college (Marcia, 1993).  While this may not always result in 

students choosing a STEM major, those students who do commit after a period of 

exploration may value a STEM major more and perceive lower costs associated with the 

major, and, therefore, may be more likely to persist in a STEM major.   

Third, students who are performing poorly in the beginning of an academic 

semester may benefit from interventions that target perceived effort cost and competency 

beliefs.  Students who reported higher chemistry II grades early in the semester increased 

in their competency beliefs later in the semester.  This increase in competency beliefs led 

to increases in reported chemistry II lecture grades at the end of the semester.  

Interventions that mitigate a decrease in competency beliefs may help buffer a drop in 

achievement.   

Furthermore, students with higher perceived effort cost became less committed to 

a STEM major from T1 to T2.  Students who were less committed to their major at T2 

perceived higher effort cost at T3, which led to less commitment to a STEM major at the 

end of the semester.  Helping students explore reasons that the effort required to be 

successful is worthwhile may help students maintain their commitment to a STEM major.  

This may be effective even in the face of poor performance early in the semester.  

Focusing in on effort cost for interventions is particularly important considering effort 

cost at both T1 and T3 had the largest total effects on intent to leave STEM at the end of 

the semester (after accounting for prior intent to leave STEM).  Helping students find 
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meaning in their choice and helping them find the relevance of their choices to their 

identity may help reduce the effort costs associated with a STEM major and may 

encourage students to persist in their major (Eccles, 2009).  

With regard to future research, it is important to consider the timing of assessment 

of different motivation constructs.  If motivation is assessed early in the semester before 

students have had the opportunity to receive performance feedback one might not get a 

clear picture of the effects of certain constructs on students intentions or choices.  If a 

cross-sectional design is the only option it may be best to measure motivation after 

students have received several points of performance feedback.  When possible, data 

should be collected at multiple time points to gain a clear picture of the dynamic interplay 

between achievement, motivation, and academic choices. 

Limitations 

There are limitations to this study that should be taken into account when 

interpreting the findings.  First, course grades were measured at a different unit of 

analysis than the other variables in the cross-lagged path models.  While grade was 

considered at the course level, intent to leave STEM, values, costs, and competency 

beliefs were all measure at the level of a science major.  Assessing grades at the level of 

the major (e.g. using the GPA in the major) may yield a different picture.  For example, 

perhaps grades across all courses required for a STEM major would have predicted intent 

to leave at the end of the semester.  Even so, chemistry II grades did relate to intent to 

leave STEM earlier in the semester, and competency beliefs of the major were related to 

chemistry II course grades.  It would also be wise in future research to examine the 

relative effect of grades in different courses on commitment to a STEM major.  For 
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example, it is possible that some students were performing poorly in Chemistry II, but 

were performing very well in Biology I.  Performance in different courses may have 

differential effects on students’ commitment to their major. 

A second limitation of this study is that achieved ego-identity status was 

measured at the same time as values/interest and competency beliefs at T1.  Therefore, it 

is possible that values/interest and competency beliefs would predict achieved ego-

identity status, especially since these relationships are likely reciprocal (Eccles, 2009).  

Future studies should collect achieved ego-identity status and expectancy-value 

constructs at different time-points so that stronger claims can be made about the causal 

pathways between identity formation and task values.  Related to this, a second 

assessment of achieved ego-identity status was not included in this study.  It is possible 

that scores on this measure would have changed over the course of a semester as values 

and costs changed.   

Third, values were included in the models as a unitary construct.  Doing so 

limited the ability to examine the effects of achieved ego-identity status on different task 

values such as attainment value, utility value, and intrinsic value.  Theoretically, identity 

is most closely linked to attainment value and cost (Eccles, 2009).  Furthermore, prior 

research has demonstrated that some identity constructs predict attainment value most 

strongly (Cox & Whaley, 2004). 

Fourth, the costs associated with a task are likely contextualized in the context of 

the task and embedded within the cultural context.  Results of an analysis of open ended 

questions about cost in a Chinese study examining task values and costs related to a 

physical education curriculum revealed a lack of autonomy in the curriculum as a cost of 
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engaging in physical education (Chen & Liu, 2009).  Thus, different costs may be salient 

and important in different domains and cultural contexts.  For example, it is possible that 

for non-science majors, where the effort to be successful is not perceived to be as high, 

other costs, such as opportunity costs may be critical.  It also may be that cost is not a 

concern in other majors that are perceived as less intensive, such as majors in the 

humanities or liberal arts (though I am not suggesting that these majors are actually less 

intensive).  Future studies should continue to examine the varieties of costs, and 

importance of different costs in these contexts.  Qualitative methods using interviews and 

open-ended questions about the cost associated with a task can facilitate this kind of 

research.  Furthermore, these methods may provide insight into the meaning of cost for 

students in varying contexts.   

Finally, while students’ intent to leave a STEM major (i.e., their commitment to a 

STEM major) was examined, this does not tell us about students’ actual behavior.  This 

point is important since mean levels of intent to leave STEM were relatively low (M Time 2 

= 1.89, SD = .96; M Time 4 = 2.05 SD = 1.14).  However, choice intentions and behavior 

are often highly correlated (Fishbein & Ajzen, 1975).  Moreover, scores on intent to leave 

STEM increased significantly and became more variable over the course of the semester, 

indicating that students became less committed to a STEM major over time.  It is possible 

that students who will drop the major continue to become less committed and those who 

will remain in the major grow more committed.  It is also possible that commitment to 

the major may fluctuate based on other factors, such as the quality of courses taken and 

course load in a particular semester.  In future research, it is important to follow students 

over a longer period to examine growth in students’ commitment to the major.  
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Analytical methods like growth curve modeling could be employed to examine 

differences in growth patterns between students who remain in the major and those who 

leave.  While I will not have enough data collection points to conduct such an analysis, I 

have received permission from participants to access university records concerning their 

major.  In the future, I will be able to track students’ major and examine the relationship 

between their intentions (i.e., commitment) and their actual behavior.   

Summary 

A complex model was tested examining the cross-lagged relationships between 

competency beliefs, values, costs, grades in a chemistry course, and students’ intent to 

leave a STEM major over the course of a semester.  The relationship between these 

variables was indeed complex.  Across the three models tested, achieved ego-identity 

status had an effect on some but not all expectancy-value constructs.  The motivational 

constructs then had an effect on academic achievement in the chemistry course and 

choice intentions, which then had an effect on growth in motivation.  Finally, motivation 

affected course grades and choice intentions at the end of the semester.  However, 

different motivation constructs affected achievement and choice intentions differently.  

For example, competency beliefs affected course grades but not choice intentions.  

Moreover, there were different effects of motivation on the outcome variables at different 

times in the semester.  For example, in model 1, values affected choice intentions from 

time 3 to time 4 only; however, effort cost had a significant effect on choice intentions 

from time 1 to time 2 and from time 3 to time 4.   

The results of this study are important, because they suggest that: 1) identity 

formation plays an important role in task values, costs, and competency beliefs, 2) when 
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examining choice behavior within an expectancy-value framework it is important to 

assess the costs associated with that choice, 3) as with the positive task values, various 

kinds of cost should be considered since different costs may be differentially related to 

different outcomes in different contexts, and 4) there is a dynamic relationship among 

motivation, achievement, and choice intentions over an academic semester.  Taken 

together, these results may suggest that as science students receive performance 

feedback, they become more calibrated in their motivational beliefs.  The results also 

highlight an important limitation of cross-sectional designs in studying motivation.  

When motivation is measured at a single time-point, researchers may find non-significant 

results.  However, null results may be due to the timing of measurement as opposed to a 

true non-significant relationship between variables.  Additionally, it is important to 

consider which variables are included in models that are intended to predict persistence in 

STEM.  Within an expectancy-value framework, it is important to account for perceived 

cost in addition to the other task values.  The strengths of this study included the 

assessment of motivation at multiple time points along with achievement and intentions 

over the course of the semester and the addition of perceived cost. 

 



 166 

REFERENCES CITED 

Acee, T. W., & Weinstein, C. E. (2010). Effects of a value-reappraisal intervention on 

statistics students' motivation and performance. Journal of Experimental Education, 

78(4), 487-512. doi:10.1080/00220970903352753  

Adams, G. R. & Etier, R. G. (1999). Objective Measure of Ego-Identity Status: a 

reference manual (revised edn.). Unpublished manuscript, Department of Family 

Studies, University of Guelph, Ontario, Canada. 

Bandura, A. (1997). Self-efficacy: The exercise of control. New York: Freeman. 

Battle, A., & Wigfield, A. (2004). College women's value orientations toward family, 

career, and graduate school. Journal of Vocational Behavior, 62(1), 56-75. 

doi:10.1016/S0001-8791(02)00037-4  

Bennion, L. D., & Adams, G. R. (1986). A revision of the extended version of the 

objective measure of ego identity status: An identity instrument for use with late 

adolescents. Journal of Adolescent Research, 1(2), 183-197. 

doi:10.1177/074355488612005  

Bentler, P. M. (2009).  Alpha, dimension-free, and model-based internal consistency 

reliability.  Psychometrika,74(1), 137–143. doi: 10.1007/s11336-008-9100-1 

Bergh, S., & Erling, A. (2005). Adolescent identity formation: A swedish study of 

identity status using the EOM-EIS-II. Adolescence, 40(158), 377-396.  

Berzonsky, M. D. (1985). Diffusion within Marcia's identity-status paradigm: Does it 

foreshadow academic problems? Journal of Youth and Adolescence, 14(6), 527-538. 

doi:10.1007/BF02139525  



 167 

Berzonsky, M. D. (1989). The self as a theorist: Individual differences in identity 

formation. International Journal of Personal Construct Psychology, 2(4), 363-376.  

Berzonsky, M. D., & Kuk, L. S. (2000). Identity status, identity processing style, and the 

transition to university. Journal of Adolescent Research, 15(1), 81-98. 

doi:10.1177/0743558400151005  

Betz, N. E., & Hackett, G. (1983). The relationship of mathematics self-efficacy 

expectations to the selection of science-based college majors. Journal of Vocational 

Behavior, 23(3), 329-345. doi:10.1016/0001-8791(83)90046-5  

Bong, M. (2001a). Between- and within-domain relations of academic motivation among 

middle and high school students: Self-efficacy, task value, and achievement goals. 

Journal of Educational Psychology, 93(1), 23-34. doi:10.1037/0022-0663.93.1.23  

Bong, M. (2001b). Role of self-efficacy and task-value in predicting college students' 

course performance and future enrollment intentions. Contemporary Educational 

Psychology, 26(4), 553-570. doi:10.1006/ceps.2000.1048  

Bong, M. (2004). Academic motivation in self-efficacy, task value, achievement goal 

orientations, and attributional beliefs. Journal of Educational Research, 97(6), 287-

297. doi:10.3200/JOER.97.6.287-298  

Bosma, H. A., & Kunnen, E. S. (2001). Determinants and mechanisms in ego identity 

development: A review and synthesis. Developmental Review, 21(1), 39-66. 

doi:10.1006/drev.2000.0514  

Buehl, M. M., & Alexander, P. A. (2005). Motivation and performance differences in 

students' domain-specific epistemological belief profiles. American Educational 

Research Journal, 42(4), 697-726. doi:10.3102/00028312042004697  



 168 

Byrne, B. M. (2011). Structural equation modeling with Mplus: Basic concepts, 

application, and programming. New York, NY: Routledge. 

Chen, A., & Liu, X. (2009). Task values, cost, and choice decisions in college physical 

education. Journal of Teaching in Physical Education, 28(2), 192-213.  

Cole, J. S., Bergin, D. A., & Whittaker, T. A. (2008). Predicting student achievement for 

low stakes tests with effort and task value. Contemporary Educational Psychology, 

33(4), 609-624. doi:10.1016/j.cedpsych.2007.10.002  

Committee on Prospering in the Global Economy of the 21st Century. (2007). An agenda 

for American science and technology, Rising above the gathering storm. National 

Academies Press, Washington, D.C. 

Committee on Underrepresented Groups and the Expansion of the Science and 

Engineering Workforce Pipeline, & Committee on Prospering in the Global 

Economy of the 21st Century. (2010). Expanding underrepresented minority 

participation America�s science and technology talent at the crossroads. National 

Academies Press, Washington, D.C. 

Côté, J. E., & Schwartz, S. J. (2002). Comparing psychological and sociological 

approaches to identity: Identity status, identity capital, and the individualization 

process. Journal of Adolescence, 25(6), 571-586. doi:10.1006/jado.2002.0511  

Cox, A. E., & Whaley, D. E. (2004). The influence of task value, expectancies for 

success, and identity on athletes' achievement behaviors. Journal of Applied Sport 

Psychology, 16(2), 103-117. doi:10.1080/10413200490437930  



 169 

Cromley, J. G., Horvat, E. M., Tanaka, J., Michel, J., Perez, A. C., Tancredi-Brice, E., 

Raja, L., Vorndran, P., Wills, M., & Wills, T. W. (2011). Cognition and Motivation 

in Science Technology Engineering and Math Retention. Paper to be presented at the 

annual meeting of the American Educational Research Association, New Orleans, 

LA. 

Daempfle, P. A. (2003). An analysis of the high attrition rates among first year college 

science, math, and engineering majors. Journal of College Student Retention: 

Research, Theory, and Practice, 5(1), 37–52. 

Dalgety, J., & Coll, R. K. (2006). The influence of first-year chemistry students' learning 

experiences on their educational choices. Assessment & Evaluation in Higher 

Education, 31(3), 303-328. doi:10.1080/02602930500352931  

Davey, A., & Savla, J. (2010). Statistical power analysis with missing data: A structural 

equation modeling approach. Philadelphia: Routledge. 

Deci, E. L. & Ryan, R. M. (2000).  The “what” and “why” of goal pursuits: Human needs 

and the self-determination of behavior.  Psychological Inquiry, 11(4), 227-268. 

Dresel, M., Schober, B., & Ziegler, A. (2005). Nothing more than dimensions? Evidence 

for a surplus meaning of specific attributions.  The Journal of Educational Research, 

99(1), 31–44. 

Durik, A. M., Vida, M., & Eccles, J. S. (2006). Task values and ability beliefs as 

predictors of high school literacy choices: A developmental analysis. Journal of 

Educational Psychology, 98(2), 382-393. doi:10.1037/0022-0663.98.2.382  



 170 

Eccles, J. S. (1983). Expectancies, values, and academic behavior. In J. T. Spencer (Ed.), 

Achievement and achievement motivation (pp. 75-146). San Francisco: W. H. 

Freeman. 

Eccles, J. S. (1987). Gender roles and women’s achievement-related decisions. 

Psychology of Women Quarterly, 11, 135–172. 

Eccles, J. S. (1994). Understanding women’s educational and occupational choices: 

Applying the Eccles et al. model of achievement-related choices. Psychology of 

Women Quarterly, 18(4), 585–609.  

Eccles, J. (2009). Who am I and what am I going to do with my life? Personal and 

collective identities as motivators of action. Educational Psychologist, 44(2), 78-89. 

Eccles, J. S., Vida, M. N., & Barber, B. (2004). The relation of early adolescents' college 

plans and both academic ability and task-value beliefs to subsequent college 

enrollment. The Journal of Early Adolescence, 24(1), 63-77. 

doi:10.1177/0272431603260919  

Eccles, J. S., & Wigfield, A. (1995). In the mind of the achiever: The structure of 

adolescents’ academic achievement related-beliefs and self-perceptions. Personality 

and Social Psychology Bulletin, 21, 215–225. 

Eccles, J. S., & Wigfield, A. (2002). Motivational beliefs, values, and goals. Annual 

Review of Psychology, 53(1), 109-132. 

doi:10.1146/annurev.psych.53.100901.135153  

Erikson, E. H. (1968). Identity: Youth and crisis. Oxford England: Norton & Co.  



 171 

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: A flexible 

statistical power analysis program for the social, behavioral, and biomedical 

sciences. Behavior Research Methods, 39, 175-191. 

Field, A. (2005). Discovering statistics using SPSS, 2nd edition. London England: Sage. 

Fishbein, M., & Ajzen, I. (1975). Belief, Attitude, Intention, and Behavior: An 

Introduction to Theory and Research. Reading, MA: Addison-Wesley. 

Galotti, K. M. (1999). Making a 'major' real-life decision: College students choosing an 

academic major. Journal of Educational Psychology, 91(2), 379-387. 

doi:10.1037/0022-0663.91.2.379  

Goossens, L. (2001). Global versus domain-specific statuses in identity research: A 

comparison of two self-report measures. Journal of Adolescence, 24(6), 681-699. 

doi:10.1006/jado.2001.0438  

Grotevant, H. D. (1987). Toward a process model of identity formation. Journal of 

Adolescent Research, 2(3), 203-222. doi:10.1177/074355488723003  

Hancock, G. R., & Mueller, R. O. (Eds.). (2010). The reviewer's guide to quantitative 

methods in the social sciences. New York: Routledge. 

Harackiewicz, J. M., Barron, K. E., Tauer, J. M., Carter, S. M. & Elliot, A. J. (2000). 

Short-term and long-term consequences of achievement goals: Predicting interest 

and performance over time. Journal of Educational Psychology, 92(2), 316–330. 

Harackiewicz, J. M., Durik, A. M., Barron, K. E., Linnenbrink-Garcia, L., & Tauer, J. M. 

(2008). The role of achievement goals in the development of interest: Reciprocal 

relations between achievement goals, interest, and performance. Journal of 

Educational Psychology, 100(1), 105-122. doi:10.1037/0022-0663.100.1.105  



 172 

Henson, H. K., & Roberts, R. K. (2006). Use of exploratory factor analysis in published 

research: Common errors and some comment on improved practice. Educational and 

Psychological Measurement, 66(3), 393–416. doi: 10.1177/0013164405282485 

Hochberg, Y. (1988). A sharper Bonferroni procedure for multiple tests of significance. 

Biometrika, 75(4), 800-802. doi:10.1093/biomet/75.4.800 

Hu, L., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure 

analysis: Conventional criteria versus new alternatives. Structural Equation 

Modeling, 6(1), 1-55. doi:10.1080/10705519909540118  

Hulleman, C. S., Godes, O., Hendricks, B. L., & Harackiewicz, J. M. (2010). Enhancing 

interest and performance with a utility value intervention. Journal of Educational 

Psychology, 102(4), 880-895. doi:10.1037/a0019506  

Jacobs, J., Lanza, S., Osgood, D. W., Eccles, J. S., & Wigfield, A. (2002). Ontogeny of 

children’s self beliefs: Gender and domain differences across grades 1 through 12. 

Child Development, 73, 509–527. 

Kaplan, A., & Flum, H. (2010). Achievement goal orientations and identity formation 

styles. Educational Research Review, 5(1), 50–67.  

Keith, T. Z. (2005). Multiple regression and beyond. Boston, MA: Allyn & Bacon. 

Kendzierski, D., Furr, J.,R.Michael, & Schiavoni, J. (1998). Physical activity self-

definitions: Correlates and perceived criteria. Journal of Sport & Exercise 

Psychology, 20(2), 176-193.  

Kline, R. B. (2011). Principles and practice of structural equation modeling, 3rd edition. 

New York: The Guilford Press. 



 173 

Köller, O., Baumert, J., & Schnabel, K. (2001). Does interest matter? The relationship 

between academic interest and achievement in mathematics. Journal for Research in 

Mathematics Education, 32(5), 448-470. doi:10.2307/749801  

Kunnen, E. S., Sappa, V., van Geert, Paul L. C., & Bonica, L. (2008). The shapes of 

commitment development in emerging adulthood. Journal of Adult Development, 

15(3-4), 113-131. doi:10.1007/s10804-008-9042-y  

La Guardia, J. G. (2009). Developing who I am: A self-determination theory approach to 

the establishment of healthy identities. Educational Psychologist, 44(2), 90-104. 

Lavigne, G. L., Vallerand, R. J., & Miquelon, P. (2007). A motivational model of 

persistence in science and education: A self-determination theory approach. 

European Journal of Psychology of Education, 22(3), 351-369.  

Lee, J., Miller, L., & Chang, E. S. (2006). Religious identity among christian korean-

american adolescents. Psychological Reports, 98(1), 43-56. 

doi:10.2466/PR0.98.1.43-56  

Linnenbrink-Garcia, L., & Fredricks, J. A. (2008). Developmental perspectives on 

achievement motivation: Personal and contextual influences. In J. Y. Shah, & W. L. 

Gardner (Eds.), Handbook of Motivation Science (pp. 448 – 464). New York, NY: 

Guilford Press. 

Lounsbury, J. W., Huffstetler, B. C., Leong, F. T., & Gibson, L. W. (2005). Sense of 

identity and collegiate academic achievement. Journal of College Student 

Development, 46(5), 501-514. doi:10.1353/csd.2005.0051  



 174 

Luttrell, V. R., Callen, B. W., Allen, C. S., Wood, M. D., Deeds, D. G., & Richard, D. C. 

S. (2010). The mathematics value inventory for general education students: 

Development and initial validation. Educational and Psychological Measurement, 

70(1), 142-160. doi:10.1177/0013164409344526  

Marcia, J. E. (1966). Development and validation of ego-identity status. Journal of 

Personality and Social Psychology, 3(5), 551-558. doi:10.1037/h0023281  

Marcia, J. E. (1989). Identity diffusion differentiated. In M. A. Luszcz & T. Nettelbeck 

(Eds.), Psychological development: Perspectives across the life span (pp. 289–318). 

North Holland: Elsevier Science Publishers. 

Marcia, J. E. (1993). The status of the statuses: Research review. In J. E. Marcia, A. S. 

Waterman, D. R. Matteson, S. L. Archer, & J. L. Orlofsky (Eds.), Ego identity. A 

handbook for psychosocial research (pp. 22–41). New York: Springer Verlag. 

Marcia, J. E. (2002). Identity and psychosocial development in adulthood. Identity: An 

International Journal of Theory and Research, 2(1), 7-28. 

doi:10.1207/S1532706XID0201_02  

McAuley, E., Duncan, T. E., & Russell D. W. (1992). Measuring Causal Attributions: 

The Revised Causal Dimension Scale (CDSII). Personality and Social Psychology 

Bulletin, 18(5), 566–573. doi: 10.1177/0146167292185006 

Meece, J. L., Wigfield, A., & Eccles, J. S. (1990). Predictors of math anxiety and its 

influence on young adolescents' course enrollment intentions and performance in 

mathematics. Journal of Educational Psychology, 82(1), 60-70. doi:10.1037/0022-

0663.82.1.60  



 175 

Miller, D. C., & Byrnes, J. P. (2001). To achieve or not to achieve: A self-regulation 

perspective on adolescents' academic decision making. Journal of Educational 

Psychology, 93(4), 677–685. 

Myers, J. L., & Well, A. D. (2003). Research design and statistical analysis, 2 edition. 

Mahwah, NJ: Lawrence Erlbaum Associates, Inc. 

Neuville, S., Frenay, M., & Bourgeois, E. (2007). Task value, self-efficacy and goal 

orientations: Impact on self-regulated learning, choice and performance among 

university students. Psychologica Belgica, 47(1-2), 95-117.  

Pajares, F., & Miller, M. D. (1995). Mathematics self-efficacy and mathematics 

performances: The need for specificity of assessment. Journal of Counseling 

Psychology, 42(2), 190-198. 

Pedhazur, E. J. (1997). Multiple regression in behavioral research. Orlando, FL: 

Harcourt Brace. 

Perez, A. C., Bergey, B. W., Cromley, J. G., Agbenyega E. T., & Horvat, E. M.  (2011, 

August).  Sticking with science?  The perceived cost and values of being a science 

student.  Poster presented at the meeting of the Junior Researchers of the European 

Association for Research on Learning and Instruction,  Exeter, United Kingdom. 

Raedeke, T. D. (1997). Is athlete burnout more than just stress? A sport commitment 

perspective. Journal of Sport and Exercise Psychology, 19, 396–417. 

Renninger, K. A. (2009). Interest and identity development in instruction: An inductive 

model. Educational Psychologist, 44(2), 105-118. doi:10.1080/00461520902832392  



 176 

Rosenthal, D. A., Gurney, R. M., & Moore, S. M. (1981). From trust to intimacy: A new 

inventory for examining erikson's stages of psychosocial development. Journal of 

Youth and Adolescence, 10(6), 525-537. doi:10.1007/BF02087944  

Schiefele, U. (2009). Situational and individual interest. In A. Wigfield (Ed.), Handbook 

of motivation at school. (pp. 197-222). New York, NY US: Routledge/Taylor & 

Francis Group.  

Schunk, D. H., & Pajares, F. (2009). Self-efficacy theory. In A. Wigfield (Ed.), 

Handbook of motivation at school. (pp. 35-53). New York, NY US: 

Routledge/Taylor & Francis Group.  

Schwartz, S. J. (2001). The evolution of eriksonian and neo-eriksonian identity theory 

and research: A review and integration. Identity: An International Journal of Theory 

and Research, 1(1), 7-58. doi:10.1207/S1532706XSCHWARTZ  

Seymour, E., & Hewitt, N. M. (1997). Talking about leaving: Why undergraduates leave 

the sciences. Boulder, CO: Westview Press. 

Sijtsma, K. (2009). On the use, the misuse, and the very limited usefulness of Cronbach’s 

alpha. Psychometrika, 74(1), 107–120. doi: 10.1007/s11336-008-9101-0 

Simpkins, S. D., Davis-Kean, P., & Eccles, J. S. (2006). Math and science motivation: A 

longitudinal examination of the links between choices and beliefs. Developmental 

Psychology, 42(1), 70-83. doi:10.1037/0012-1649.42.1.70  

Solomontos-Kountouri, O., & Hurry, J. (2008). Political, religious and occupational 

identities in context: Placing identity status paradigm in context. Journal of 

Adolescence, 31(2), 241-258. doi:10.1016/j.adolescence.2007.11.006  



 177 

Steinmayr, R., & Spinath, B. (2007). Predicting school achievement from motivation and 

personality. Zeitschrift Für Pädagogische Psychologie/ German Journal of 

Educational Psychology, 21(3-4), 207-216. doi:10.1024/1010-0652.21.3.207  

Stephen, J., Fraser, E., & Marcia, J. E. (1992). Moratorium achievement (Mama) cycles 

in lifespan identity development: value orientations and reasoning system correlates. 

Journal of Adolescence, 15, 283–300. 

Stipek, D. J. (1984). Sex differences in children's attributions for success and failure on 

math and spelling tests. Sex Roles, 11(11-12), 969-981. doi:10.1007/BF00288127  

Stipek, D. J., & Ryan, R. H. (1997). Economically disadvantaged preschoolers: Ready to 

learn but further to go. Developmental Psychology, 33(4), 711-723. 

doi:10.1037/0012-1649.33.4.711  

Strenta, A. C., & Others, A. (1994). Choosing and leaving science in highly selective 

institutions. Research in Higher Education, 35(5), 513-47.  

Sullins, E. S., Hernandez, D., Fuller, C., & Tashiro, J. S. (1995). Predicting who will 

major in a science discipline: Expectancy-value theory as part of an ecological 

model for studying academic communities. Journal of Research in Science 

Teaching, 32(1), 99-119. doi:10.1002/tea.3660320109  

Thompson, B. (2004). Exploratory and Confirmatory Factor Analysis. Washington DC: 

American Psychological Association. 

Viljaranta, J., Lerkkanen, M., Poikkeus, A., Aunola, K., & Nurmi, J. (2009). Cross-

lagged relations between task motivation and performance in arithmetic and literacy 

in kindergarten. Learning and Instruction, 19(4), 335-344. 

doi:10.1016/j.learninstruc.2008.06.011  



 178 

Waterman, A. S. (1999). Identity, the identity statuses, and identity status development: 

A contemporary statement. Developmental Review, 19(4), 591-621. 

doi:10.1006/drev.1999.0493  

Waterman, A. S. (2007). Doing well: The relationship of identity status to three 

conceptions of well-being. Identity: An International Journal of Theory and 

Research, 7(4), 289-307.  

Waterman, A. S., & Waterman, C. K. (1972). Relationship between freshman ego 

identity status and subsequent academic behavior: A test of the predictive validity of 

marcia's categorization system for identity status. Developmental Psychology, 6(1), 

179-179. doi:10.1037/h0032248  

Watt, H. M. G. (2006). The role of motivation in gendered educational and occupational 

trajectories related to maths. Educational Research and Evaluation, 12(4), 305-322. 

doi:10.1080/13803610600765562  

Webb, R. M., Lubinski, D., & Benbow, C. P. (2002). Mathematically facile adolescents 

with math-science aspirations: New perspectives on their educational and vocational 

development. Journal of Educational Psychology, 94(4), 785-794. 

doi:10.1037/0022-0663.94.4.785  

Wigfield, A., Battle, A., Keller, L., & Eccles, J. S. (2002). Sex differences in motivation, 

self-concept, career aspirations, and career choice: Implications for cognitive 

development. In A. McGillicuddy-DelLisi & R. DeLisi (Eds.), Biology, society, and 

behavior: The development of sex differences in cognition (pp. 93–124). Greenwich, 

CT: Ablex. 



 179 

Wigfield, A., & Cambria, J. (2010). Students’ achievement values, goal orientations, and 

interest: Definitions, development, and relations to achievement outcomes. 

Developmental Review, 30(1), 1-35. doi:10.1016/j.dr.2009.12.001  

Wigfield, A., & Eccles, J. S. (2000). Expectancy–value theory of achievement 

motivation. Contemporary Educational Psychology, 25(1), 68-81. 

doi:10.1006/ceps.1999.1015  

Wigfield, A., Tonks, S., & Eccles, J. S. (2004). Expectancy value theory in cross-cultural 

perspective. In D. M.Mclnerney & S. Van Etten (Eds.). Big theories revisited (pp. 

165-198). Greenwich, CT: Information Age. 

Wigfield, A., Tonks, S., & Klauda, S. L. (2009). Expectancy-value theory. In A. Wigfield 

(Ed.), Handbook of motivation at school. (pp. 55-75). New York, NY US: 

Routledge/Taylor & Francis Group.  

Wigfield, A., & Wagner, A. L. (2005). Competence, motivation, and identity 

development during adolescence. In C. S. Dweck (Ed.), Handbook of competence 

and motivation. (pp. 222-239). New York, NY US: Guilford Publications.  

Yumusak, N., Sungur, S., & Cakiroglu, J. (2007). Turkish high school students' biology 

achievement in relation to academic self-regulation. Educational Research and 

Evaluation, 13(1), 53-69. doi:10.1080/13803610600853749  



 180 

APPENDIX A 

Beliefs and Values Questionnaire 

Directions: The following statements concern your attitudes toward your science major 
(e.g., biology, chemistry, engineering, but not psychology) or for a science related track* 
(e.g., pre-med, pre-pharmacy, post-baccalaureate) if you are not a major.  Please respond 
to the following items by indicating the degree to which the statement is true of you using 
the scale provided. 
 
*A science related track is any course of study related to a science that is not a 
major.  For example, if you are taking science courses to fulfill the requirement for 
medical school (e.g., pre-med, post-baccalaureate) or some other science profession 
(e.g., physical therapy, pre-nursing).  This also applies to students who are 
undeclared and are taking courses toward a science major, even when unsure about 
ultimately majoring in a science. 
 
Question 1 
 
What is your participant number? 
 
 
Question 2 
 
Compared to other students, how well do you expect to do in your science major (or 
science track if not a major) this semester? 
 
1. Much worse than other students  
2. Worse than other students   
3. Somewhat worse than other students     
4. Somewhat better than other students   
5. Better than other students   
6. Much better than other students 
 
Question 3 
 
How well do you think you will do in your science major (or science related track) this 
semester? 
 
1. Very poorly   
2. Poorly 
3. Somewhat poorly 
4. Somewhat well 
5. Well 
6. Very well 
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Question 4 
 
How good at your science major (or science related track) are you? 
 
1. Not at all good 
2. Not good 
3. Somewhat not good 
4. Somewhat good 
5. Good 
6. Very good 
 
Question 5 
 
If you were to order all of the students in your science major (or science related track) 
from the worst to the best in science, where would you put yourself? 
 
1. The worst 
2. Low 
3. Somewhat low 
4. Somewhat high 
5. High 
6. The best 
 
Question 6 
 
How have you been doing in your science major (or science related track) this semester? 
Answer for the academic year if you have not received any grades yet this semester. 
 
1. Very poorly 
2. Poorly 
3. Somewhat poorly 
4. Somewhat well 
5. Well 
6. Very well 
 
Question 7 
 
Did you have a particular course or courses in mind when answering questions 2 through 
6?  If so, which course(s) did you have in mind? 
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Question 8 
 
Is the amount of effort it will take to do well in your science major (or science track) 
worthwhile to you? 
 
1. Not at all worthwhile 
2. Not worthwhile 
3. Somewhat not worthwhile 
4. Somewhat worthwhile 
5. Worthwhile 
6. Very worthwhile 
 
Question 9 
 
I feel that, to me, being good at solving problems, which involve science or reasoning 
scientifically is 
 
1. Not at all important 
2. Not important 
3. Somewhat not important 
4. Somewhat important 
5. Important 
6. Very important 
 
Question 10 
 
How important is it to you to get good grades in your science major (or science track)? 
 
1. Not at all important 
2. Not important 
3. Somewhat not important 
4. Somewhat important 
5. Important 
6. Very important 
 
Question 11 
 
In general, I find working on assignments/studying for my science major (or science 
track) 
 
1. Very boring 
2. Boring 
3. Somewhat boring 
4. Somewhat interesting 
5. Interesting 
6. Very interesting 
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Question 12 
 
How much do you like your science major (or science track)? 
 
1. Dislike very much 
2. Dislike 
3. Somewhat dislike 
4. Somewhat like 
5. Like 
6. Like very much 
 
Question 13 
 
How useful is your science major (or science track) for what you want to do after you 
graduate and go to work? 
 
1. Not at all useful 
2. Not useful 
3. Somewhat not useful 
4. Somewhat useful 
5. Useful 
6. Very useful 
 
Question 14 
 
How useful is what you learn in your science major (or science track) for your daily life 
outside school? 
 
1. Not at all useful 
2. Not useful 
3. Somewhat not useful 
4. Somewhat useful 
5. Useful 
6. Very useful 
 
Question 15 
 
Did you have a particular course or courses in mind when answering questions 8 through 
14?  If so, which course(s) did you have in mind? 
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Question 16 
 
When I think about the hard work needed to get through my science major (or science 
track), I am not sure that getting a science degree is going to be worth it in the end. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 17 
 
I am not sure if I've got the energy to work and be a science major (or on a science track) 
at the same time. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 18 
 
My science major (or science track) would not be worth it if I had to work hard after 
graduating to re-pay a long-term tuition loan. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
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Question 19 
 
Considering what I want to do with my life, having a science major (or science track) is 
just not worth the effort. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 20 
 
Getting a science degree (or being on a science track) sounds like it really requires more 
effort than I'm willing to put into it. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 21 
 
I worry that my science major (or my science track) will take time away from other 
activities that I want to pursue. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
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Question 22 
 
I'm concerned that my career goals in science will prevent me from being able to focus 
on marriage and family as soon as I'd like to. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 23 
 
I'd rather leave more time for fun than for something as intense as a science major (or 
science track). 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 24 
 
I worry about losing track of some valuable friendships if I'm in a science major (or on a 
science track) and my friends are not. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
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Question 25 
 
I do not want to take time away from a job and earning money by remaining in my 
science major (or on my science track). 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 26 
 
I'm concerned that I'm not a good enough student to do well in my science major (or my 
science track). 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 27 
 
I worry that I will waste a lot of time and money before I find out that I do not want to 
continue in my science major (or on my science track). 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
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Question 28 
 
I would be embarrassed if I found out that my work in my science major (or science 
track) was inferior to that of my peers. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 29 
 
My self-esteem would suffer if I tried my science major (or science track) and was 
unsuccessful at it. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 30 
 
It frightens me that the courses required for my science major (or science track) are 
harder than courses required for other majors. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
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Question 31 
 
I'm concerned that I won't be able to handle the stress that goes along with my science 
major (or science track). 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 32 
 
I’m concerned my science major (or science track) may cost me some treasured 
friendships. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 33 
 
I’m concerned my science major (or science track) may cause me to be viewed by other 
people as a person with peculiar goals or interests. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
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Question 34 
 
I’m concerned my science major (or science track) may cause a serious love relationship 
of mine to suffer. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 35 
 
I’m concerned my science major (or science track) may cause my family relationships to 
suffer. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 36 
 
Did you have a particular course or courses in mind when answering questions 16 
through 35?  If so, which course(s) did you have in mind? 
 
 
 
Note. There were six radio buttons arranged horizontally for the Blackboard page.  
Questions 2–6 = Competency beliefs, Questions 8–10 = Attainment Value, Questions 11 
& 12 = Intrinsic Value, Questions 13 & 14 = Utility Value, Questions 16–35 = Perceived 
Cost; The competency beliefs and task value items were adapted from Eccles and 
Wigfield, 1995 and the perceived cost items were adapted from Battle and Wigfield, 
2003.  
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APPENDIX B 

Self-Efficacy for a Science Major Items 

Question 1 
 
I am certain I can master the skills taught in my science major (or science track if not a 
major). 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 2 
 
I'm certain I can figure out how to do the most difficult coursework in my science major 
(or science track). 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 3 
 
I can do almost all of the work required for my science major (or science track) if I don't 
give up. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
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Question 4 
 
Even if the work in my science major (or science track) is hard, I can learn it. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 5 
 
I can do even the hardest work in my science major (or science track) if I try. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 

Note. The self-efficacy for a science major items were adapted from the Patterns of 
Adaptive Learning Scales (Midgley, 1998); There were six radio buttons arranged 
horizontally for the Blackboard page.   
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APPENDIX C 

Interest in a Science Major Items 

Question 1 
 
I think what I'm learning in my science major (or science track) is interesting. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 2 
 
I think I will be able to use what I learn in courses for my science major (or science track) 
this semester in future courses for my science major (or science track). 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 3 
 
I would recommend my science major (or science track) to others. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
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Question 4 
 
I am enjoying my science major (or science track) very much this semester. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
 Question 5 
 
I think my science major (or science track) is very interesting. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 6 
 
My science major (or science track) is a waste of my time. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 7 
 
I'm glad I'm in a science major (or science track) this semester. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
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Question 8 
 
I think the course material in my science major (or science track) is useful for me to 
learn. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 9 
 
I would like to take more classes related to my science major (or science track) after this 
semester. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 10 
 
I am more likely to continue in my science major (or science track) because of my 
experience in my science major (or science track) this semester. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 

Note. The interest items were adapted from (Harackiewicz et al., 2000); There were six 
radio buttons arranged horizontally for the Blackboard page.   
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APPENDIX D 

Stable Attributions for Success Items 

What do you believe is the cause of your performance in your college science courses so 

far this semester?   

Is the cause(s) something: 
1. Permanent    8 – 1  temporary 
2. Stable over time   8 – 1  variable over time 
3. Unchangeable    8 – 1  changeable 

 
 
Note. The stable attributions for success items were adapted from the CDSII (McAuley, 
Duncan, & Russell, 1992) 
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APPENDIX E 
 

Academic Achieved Ego-Identity Status Items 

If you're personally committed to a major (even if it is not currently your official major), 
what major have you personally committed to? (If you are unsure, please write "unsure" 
and include all of the majors you are thinking about) 
 
 
If you're personally committed to a career path (even if you are not currently working 
toward that career path), what career path have you personally committed to? (If you are 
unsure, please write "unsure" and include all of the occupations you are thinking about) 
 
Question 1 
 
It took me a while to figure it out, but now I really know what I want for a major. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 2 
 
It took me a long time to decide but now I know for sure what direction to move in for a 
major. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Note. Items were adapted from the EOMEIS–2 Revised (Bennion & Adams, 1986).  
There were six radio buttons arranged horizontally for the Blackboard page.  
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APPENDIX F 
 

Intent to Leave a STEM Major Items 
 
 
Question 1 
 
Which of the following best describes your current status as a student?  (Please select 
one) 
 

 Science Major in the College of Science and Technology (e.g. Biology, 
Chemistry, Biochemistry, Physics, Environmental Science, etc.) 

 Health Professions Major (e.g., kinesiology, public health, recreation therapy, 
etc.) 

 Undeclared major intending to select a science major or health professions major 
(Choose this option even if unsure of which specific science or health professions 
major you will choose) 

 Undeclared major on a pre-professional science track (e.g., pre-pharmacy, pre-
nursing, pre-dentistry, etc.) 

 Post-baccalaureate on a pre-professional science track (e.g., pre-med, pre-
pharmacy, pre-nursing, etc.) 

 Engineering major 
 Non-science major on a pre-professional science track (e.g., Psychology major on 

a pre-med track, Anthropology major on a pre-pharmacy track) 
 Undeclared major with no intended major at this time (undecided) 
 Other status that is not an option above 

 
Question 2 
 
In all of the following questions "science major" refers to majors in the college of science 
and technology (e.g., biology, chemistry, environmental science, biochemistry, etc.) and 
majors in the health professions (e.g., kinesiology) as well as engineering.  "Science 
related track" refers to pre-med, pre-pharmacy, post-baccalaureate students, etc. as 
defined in the instructions above. 
 
At the present time, I am likely to switch to (or select if you have not declared a major) a 
major that is NOT in a science, engineering, technology, or math field or leave my 
science related track. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
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Question 3 
 
I am likely to remain in my science major or science related track through to graduation 
or completion of my program of study. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 4 
 
I am likely to leave my science major or science related track. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 5 
 
It is UNLIKELY that I will leave my science major or science related track before I 
graduate or complete my program of study. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 6 
 
I intend to switch to a major in the social sciences, arts, or humanities and/or leave my 
science related track before I graduate or complete my program of study. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
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Question 7 
 
At the present time, I am likely to remain in (or select if not a major) a major or track in 
the science, technology, engineering or math fields. 
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Somewhat agree 
5. Agree 
6. Strongly agree 
 
Question 8 
 
Have you considered switching majors (or tracks) before?  If yes, when and why? 
 
Note. There were six radio buttons arranged horizontally for the Blackboard page. 
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APPENDIX G 

Demographics Questionnaire 

Directions: Please answer the questions below to the best of your ability. 
 
Question 1 
 
What is your participant number? (write in space provided) 
 
 
 Question 2 
 
What is your age? (write in space provided) 
 
 
Question 3 
 
What is your year in college? (write in space provided) 
 
 
 
Question 4 
 
What is your sex? (circle one) 
 

Female 
 
Male 
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Question 5 
 
Please indicate your race (circle one or more) 
 

Asian 
 
Black 
 
Hispanic/Latino 
 
Middle Eastern 
 
White/Caucasian 
 
Indian subcontinent (India, Pakistan, Bangladesh, Nepal, Bhutan, Sri Lanka, 
Maldives) 
 
Native American (Anishinabe, Cherokee, Creek, Iriquois, Mashpee, Navajo, 
Ojibwe) 
 
Other 

 
Question 6 
 

What is your mother's (or female guardian's) education? (Circle one) 
 
Did not graduate from high school 
 
Graduated from high school 
 
Some college/Community college 
 
Bachelor's degree 
 
Graduate degree (master's, professional, or doctorate) 
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Question 7 
 

What is your father's (or male guardian's) education? 
 
Did not graduate from high school 
 
Graduated from high school 
 
Some college/Community college 
 
Bachelor's degree 
 
Graduate degree (master's, professional, or doctorate) 

 
 
 Question 8 
 
What was your SAT verbal score? (write in space below) 
 
Question 9 
 
What was your SAT math score? (write in space below) 
 
Question 10 
 
What was your final grade in General Chemistry I? (If you've taken General Chemistry I 
more than once, report your most recent grade.)  (Please circle one.) 
   
      A 
         
      A - 
         
      B + 
         
      B 
         
      B - 
         
      C + 
         
      C 
         
      C - 
         
      Below a C - 
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Question 11 
 
What is your career goal? (write in space below) 
 
 
 
Question 12 
 
Are you currently working in a job, internship, or volunteer position that is related to 
your future career goal?  If so, name the type of job and whether you are in a job, 
internship or volunteer position (e.g., volunteer at a doctor's office, internship in the 
emergency department at a hospital, job working as a veterinary assistant). 
 
 
 
Question 13 
 
Please list all of the courses you are enrolled in this semester that count toward a science 
major or science track* (e.g., General Biology I, General Chemistry II, General Physics I, 
Calculus I, Calculus II, etc.). (write in space below) 
 
*A science related track is any course of study related to a science that is not a major.  
For example, if you are taking science courses to fulfill the requirement for medical 
school (e.g., pre-med, post-baccalaureate) or some other science profession (e.g., physical 
therapy, pre-nursing).  This also applies to students who are undeclared and are taking 
courses toward a science major, even when unsure about ultimately majoring in a 
science. 
 
 
 
Question 14 
 
In which Chemistry II lab section are you enrolled? (You may also list your lab instructor 
and meeting time if you are unsure) 
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Question 15 
 
Please select the highest level of education you expect to complete (circle one) 
 
      Some college 
         
      Bachelor's degree 
         
      Master's degree 
         
      Professional degree (MD, DPharm, DDS, JD, etc.) 
         
      Doctorate (Ph.D., Ed.D., Psy. D., etc.) 
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APPENDIX H 

CFA of Interest and Task Value Items 

 

CFA model fit statistics for values and interest single factor and two factor models  

Model χ2 df p CFI RMSEA AIC 

Model A (Single Factor Model) 176.31 90 < .001 .97 .052 13169.144 

Model B (Two Factor Model) 198.95 93 < .001 .96 .056 13185.785 
 

 


