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Abstract 

Background:  Scholars have been becoming increasingly interested in understanding 

engineering identity among college students as a means to promote student engagement 

and preserve students in engineering majors.  However, there is a lack of 

psychometrically strong instrument to empirically assess engineering identity.  Moreover, 

the importance of multidimensional nature of student engagement has not been 

highlighted in engineering education research.  Consequently, little is known about the 

association between engineering identity and student engagement.  Purpose:  Drawing 

on the identity formation theory (Crocetti, Rubini, & Meeus, 2008), the purpose of this 

cross-sectional study was twofold: (1) to adapt and validate the Utrecht-Management of 

Identity Commitments Scale (U-MICS) to assess college engineering identity and (2) to 

explore the relations of engineering identity with three facets of college student 

engagement (i.e., effort, course choice, and persistence).  Methods:  Two hundred and 

forty-one engineering undergraduate students (Mage = 22.36 years; 78.4% males) in a 

large southern urban public university in the United States completed paper-and-pencil 

and online surveys assessing their identity and student engagement.  Results:  The 

findings of confirmatory factor analysis (CFA) confirmed the three-factor structure of 

engineering identity (i.e., commitment, in-depth exploration, and reconsideration of 

commitment) among engineering students by excluding one item related to in-depth 

exploration in the original scale.  Good internal consistency was found for each subscale 

(α = .73 to .88).  Regarding validity evidence for the U-MICS, results of Pearson 

correlation showed that commitment and in-depth exploration were positively correlated 

with self-efficacy (r = .19 to .42) and subjective task values (r = .47 to .56), whereas 
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reconsideration of commitment was negatively correlated to self-efficacy (r = -.28) and 

subjective tasks values (r = -.19 to -.36).  Juniors scored significantly higher in 

commitment than sophomores, and Asian students had higher level of reconsideration of 

commitment than White students.  Engineering students who transferred from a two-year 

college scored higher on commitment than students who started their higher education in 

a four-year college or students who transferred from another four-year college.  In terms 

of the association between engineering identity and student engagement, results from 

structural equation modeling (SEM) showed that each dimension of engineering identity 

had independent contribution to different facets of student engagement. More 

importantly, commitment and in-depth exploration were equally important predictors of 

student engagement by addressing collinearity problems through a model comparison 

approach proposed by Marsh, Dowson, Pietsch, and Walker (2004).  Conclusion:  This 

study demonstrates satisfactory psychometric properties of U-MICS for engineering 

undergraduate students.  Additionally, this study advances existing literature by providing 

empirical evidence with regard to the associations between engineering identity and 

different facets of student engagement.   
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Chapter I  

Introduction 

During the past two decades, engineering identity has been becoming an 

increasingly important topic within the field of college engineering education.  A 

growing body of research has evidenced the importance of engineering identity by 

showing its impact on promoting academic success (Eliot & Turns, 2011; Tonso, 2014), 

actively engaging students in learning engineer (Tonso, 2006a, 2006b), preserving 

undergraduate students in engineering majors (Pierrakos, Beam, Constantz, Johri, & 

Anderson, 2009), and enhancing intention to work in engineering after graduation 

(Godwin, Potvin, Hazari, & Lock, 2013; Jones, Paretti, Hein, & Knott, 2010).  

Engineering education researchers, therefore, argue that engineering education and 

engineering identity are inseparably intertwined (Eliot & Turns, 2011; Tonso, 2014).   

The purported significance of engineering identity has been generally supported 

by the increasing empirical evidence; however, the research has been limited in two 

ways.  First, evidence from qualitative research is fruitful in supporting the importance of 

engineering identity in college students, but little is known about the generalizability of 

the findings to representative population, which is partially attributable to a lack of 

psychometrically strong instrument to empirically assess engineering identity.  Second, 

among a handful of self-report measurement instruments of engineering identity for 

college students, operationalization of engineering identity has been either confounded 

with constructs already in the literature such as expectancy-value (Jones, Ruff, & Paretti, 

2013) or too simplistic to capture the dynamic nature of identity formation (Fleming, 

Smith, Williams, & Bliss, 2013).  Despite many existing studies examining “engineering 
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identity”, the theoretical frameworks that have been relied on are achievement motivation 

theories such as self-efficacy and expectancy-value theory.  In a systematic review, 

therefore, Patrick and Borrego (2016) contended that “Many relevant (quantitative) 

studies were not necessarily labeled as identity studies” (p.19).  Inconsistent 

measurement and ambiguous operationalization of engineering identity present additional 

difficulty for comprehending, synthesizing, and utilizing empirical evidence pertaining to 

this construct.  Moreover, personal identity is complex and changes over time, so it is 

important to capture how engineering college students develop, maintain, and revise their 

identities.  

Drawing on the work of Erikson (1968), Marcia (1966), and Crocetti et al. (2008), 

the purpose of this cross-sectional study is to adapt an instrument that was developed 

within the field of psychology -- the Utrecht-Management of Identity Commitments 

Scale (U-MICS) and tailor it to assess engineering identity for college students.  The 

specific objectives are to examine the factor structure of U-MICS in engineering, its 

reliability, and its discriminant validity with achievement motivation constructs (i.e., self-

efficacy, interest, attainment value, and utility value).  Indeed, differentiation between 

personal identity and motivation has been conceptually acknowledged (Kaplan & Flum, 

2010) and supported by empirical evidence (Perez, Cromley, & Kaplan, 2014).  Mean 

differences of engineering identity by gender, undergraduate classification, transfer 

status, and ethnicity are also examined.   

In addition to adapting identity formation theory into engineering education and 

evaluating psychometrics of U-MICS designed to assess engineering identity, this study 

also provides empirical evidence on the association between engineering identity and 
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student engagement.  Given that this is one of the first studies that applied identity 

formation theory into the field of engineering education, it is necessary to explore its 

impact on engineering students’ achievement related-behaviors such as student 

engagement.   Although the multi-faceted nature of student engagement has been 

recognized in the field of educational psychology (Appleton, Christenson, & Furlong, 

2008; Fredricks, Blumenfeld, & Paris, 2004), only few studies have emphasized this 

paradigm in engineering education research.  Focusing on engineering identity and 

student engagement in engineering undergraduate students not only sheds light on the 

role of identity formation in education but also provides a better understanding of how to 

promote student retention in engineering majors and even more broadly, in science, 

technology, engineering and mathematics (STEM) fields.  Indeed, high attrition rates 

among undergraduate students in fields of STEM have been recognized as one of the 

most significant factors that leads to workforce deficits in STEM (Graham, Frederick, 

Byars-Winston, Hunter, & Handelsman, 2013).  Based on two nationally representative 

samples, the Beginning Postsecondary Students Longitudinal Study (BPS: 96/01) and the 

2009 Postsecondary Education Transcript Study (PETS: 09), Chen and Soldner (2013) 

reported that 41% of bachelor’s degree students who entered engineering/technology 

fields between 2003 and 2009 had left these fields by spring 2009.   
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Chapter II 

Literature Review 

Personal Identity 

Erikson’s psychosocial theory.  According to Erikson (1968), the conflict 

between identity (identity synthesis) and identity confusion is the primary developmental 

task that adolescents and emerging adults (e.g., undergraduate students) need to address 

in order to form an integrated and consistent sense of self.  Identity synthesis and identity 

confusion represent opposite poles of a single bipolar dimension (Schwartz, 2001).  To 

have healthy functioning and survive in modern society, possessing a clear sense of self 

(i.e., identity synthesis) needs to predominate identity confusion (Schwartz, 2001).  

Although Erikson’s theory is appealing and informative, how to operationalize these 

constructs involved in his theory was a barrier that impeded application of this theory to 

empirical research at the beginning of the theory development. 

Marcia’s identity status paradigm.  Marcia (1966) first elaborated Erikson’s 

theory by specifying two key components central to identity formation: exploration and 

commitment.  Commitment represents making a relatively firm choice regarding an 

identity domain (e.g., education), adhering to a specific set of values, beliefs, and goals, 

and engaging in significant activities geared toward the implementation of the choice 

(Schwartz, 2001).  Exploration is a process of actively questioning and weighting out of 

identity options before making decisions about the values, beliefs, and goals to pursue 

(Kroger & Marcia, 2011).   

Based on the two components, Marcia (1966) distinguished four types of identity 

status.  In achievement status, individuals have made commitments following a period of 
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active exploration.  In moratorium status, individuals are actively exploring different 

identity options in the absence of strong commitment.  In the foreclosure status, 

individuals have made commitments to a set of goals, values, and beliefs without 

exploration.  Individuals in the diffusion status have neither engaged in identity 

exploration nor have they made a commitment to a specific identity domain.  The statuses 

represent four different manners of approaching identity issues in adolescence and 

emerging adulthood.  Much research has supported the usefulness of the identity status 

paradigm in understanding individual differences in personality including self-esteem, 

anxiety, locus of control, moral reasoning, and ego development (for review see Kroger 

& Marcia, 2011).  

Although the status paradigm has inspired much research, focusing on possible 

outcomes of identity classification may fail to capture the process through which identity 

is formed, maintained, and revised (Crocetti et al., 2008).  Indeed, Erikson (1968) 

emphasized the dynamic nature of identity development.  Building on Marcia’s work, 

numerous theories and empirical studies have been developed to investigate the dynamic 

process of identity formation (for reviews see Schwartz, 2001; Schwartz, Luyckx, & 

Crocetti, 2015).  In particular, Meeus, Crocetti, and colleagues’ three-factor identity 

model sheds new lights on the identity formation (Crocetti et al., 2008; Meeus, Van De 

Schoot, Keijsers, Schwartz, & Branje, 2010). 

The three-factor identity model.  Crocetti et al. (2008) posited that commitment, 

in-depth exploration, and reconsideration of commitment are important identity formation 

dimensions through which people develop, evaluate, and revise their identities.  

Commitment refers to a strong choice that people have made in terms of a specific 
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developmental domain and self-confidence deriving from the choice (Crocetti, 2017).  

For example, feeling secure and confident in majoring in engineering indicates strong 

engineering commitment that an undergraduate student has made.   

In-depth exploration represents a process of maintenance of present commitments.  

It refers to think actively about the commitments people have made by means of 

reflecting on their choices, searching for information about commitments, and talking 

with others about their commitments (Crocetti, 2017).  For example, actively gathering 

information about engineering majors and talking with professors and career advisors 

regarding merits and prospective employment of engineering represents in-depth 

exploration.   

Reconsideration of commitment refers to compare current commitments with 

alternatives in combination of efforts to change existing commitments because the 

current ones are no longer satisfactory (Crocetti, 2017).  For example, an engineering 

undergraduate may lose interests in studying engineering given dissatisfaction resulting 

from unstructured lectures that he/she may take and thus search for another major that is 

more interesting. 

The three-factor identity model assumes that identity is formed in a process of 

enduring interplay between commitment, in-depth exploration, and reconsideration of 

commitment.  The interplay of the three dimensions of identity can be illustrated in a 

dual-cycle model (Crocetti, 2017).  The interplay between commitment and 

reconsideration of commitment underlies the identity formation cycle, in which people 

compare current commitments with alternative identity options and decide on whether the 

current commitments need to be replaced with appealing alternatives.  The interplay 
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between commitment and in-depth exploration consists of a continuous process 

underlying identity maintenance cycle, in which people monitor current commitments, 

reflect on their values and meanings, maintain them, and ensure that they fit with their 

potentials and characteristics.  It returns to identity formation cycle when in-depth 

exploration leads to uncertainty.  For example, after searching for information about 

multiple majors, an engineering college student may realize that a business major is more 

attractive than an engineering major so he/she may start to discard the engineering major 

and opt to business major (identity formation cycle).  For another student who majors in 

engineering, after considering carefully about majoring in engineering, actively talking 

about majoring in engineering with parents, teachers, and peers, and searching for 

substantive information about majoring in engineering from various resources, he/she 

may adhere to the choice and feel confidence derived from majoring in engineering 

(identity maintenance cycle).  It is quite possible that individuals acquire information that 

may strengthen their current commitments and/or undermine their current commitments 

through in-depth exploration.  The latter may stimulate uncertainty and confusion about 

present commitment, which in turn may result in reconsideration of commitment. 

In fact, commitment and in-depth exploration, and reconsideration of 

commitment, well capture the dynamic nature of identity synthesis and identity confusion 

hypothesized by Erikson (1968), respectively.  Making strong choices with regard to 

interpersonal and ideological domains (i.e., commitment) and actively exploring current 

commitments (in-depth exploration) gear toward a set of self-determined identifications 

(identity synthesis).  On the contrary, rethinking and questioning present commitments 
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reflects a period of the absence of a workable set of identifications (identity confusion) 

(Meeus et al., 2010). 

Measurement of the Three-factor Identity Model 

To empirically assess the three-factor identity model, Crocetti et al. (2008) 

developed the Utrecht-Management of Identity Commitments Scale (U-MICS).  Over the 

past decade, validity and reliability of the U-MICS or its translations have been examined 

cross-culturally (Crocetti et al., 2015; Dimitrova et al., 2016) and in a variety of life 

domains.  The U-MICS was initially used to assess global identity that is a combination 

of one ideological domain (e.g., education) and one relational domain (e.g., friendship) 

(Crocetti et al., 2008).  Given that global identity may not be able to provide a more 

detailed account of the complexity of identity (Goossens, 2001), scholars recently have 

been shifting their attention to domain-specific identity.  The U-MICS has been adapted 

to assess identity formation in various specific life domains such as romantic relationship 

(Schubach, Zimmermann, Noack, & Neyer, 2017) and occupation (Karaś & Cieciuch, 

2018).  For adolescents and emerging adults, education is one of the most important 

developmental task that they need to negotiate (Arnett, 2000), and thus another line of 

research recently has begun to probe the underlying structure of educational identity 

among undergraduate students by employing the U-MICS (Crocetti et al., 2015; Karaś, 

Cieciuch, Negru, & Crocetti, 2014).   

Given the flexibility of the U-MICS and cumulative empirical evidence regarding 

psychometric properties of educational identity, it is plausible to adapt the U-MICS to 

assess engineering identity for undergraduate students.  To my knowledge, this is one of 

the first studies that adapts the U-MICS to assess identity formation in engineering so 
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there is no direct evidence to support the factor structure of engineering identity.  

However, prior evidence related to educational identity, has demonstrated the adaptability 

of the U-MICS to a variety of academic domains including engineering. 

Factor structure of the U-MICS.  Consistent evidence regarding educational 

identity has shown a three-factor structure of the U-MICS, including commitment, in-

depth exploration, and reconsideration of commitment (Crocetti et al., 2015; Karaś et al., 

2014).  Regarding the relationships between the three dimensions of engineering identity, 

the pattern and magnitude are expected to be consistent with those in education.  

Specifically, whereas educational commitment is positively correlated with educational 

in-depth exploration (r = .37 to .50), educational commitment has been consistently 

found to negatively relate to educational reconsideration of commitment (r = -.22 to -.33) 

among undergraduate students (Crocetti et al., 2015; Crocetti, Sica, Schwartz, Serafini, & 

Meeus, 2013).  Mixed evidence exists for the association between in-depth exploration 

and reconsideration of commitment.  For example, in a sample including 10 nations, 

Crocetti et al. (2015) reported an insignificant association between educational in-depth 

exploration and educational reconsideration of commitment (r = -.07), whereas Crocetti 

et al. (2013) found a negative association between them (r = -.21) in an Italian sample.   

Reliability.  Studies of the U-MICS have generally revealed adequate reliability.  

Commitment and reconsideration of commitment in the domain of education 

demonstrates adequate internal consistency (with Cronbach’s alphas usually ≥.80) and 

in-depth exploration in education has acceptable internal consistency (with Cronbach’s 

alphas usually ≥.70) (Crocetti et al., 2015; Negru-Subtirica, Pop, & Crocetti, 2017). 
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Discriminant validity.  There is empirical evidence clearly showing that identity 

formation processes are clearly distinguished from achievement motivation.  Luyckx, 

Vansteenkiste, Goossens, and Duriez (2009) found small to medium correlations between 

personal identity and basic psychological need satisfaction (i.e., autonomy, competence, 

and relatedness).  Identity status has also been found to correlate with competence beliefs 

and values (a composite of interest, utility, and attainment) with relatively small effect 

size (r < .30) (Perez et al., 2014). 

Mean differences of identity.  On the basis of educational identity, existing 

research investigating gender differences has been limited and yielded mixed results.  

Studying a large sample consisting of undergraduate students from 10 nations, Crocetti et 

al. (2015) found that females rated higher than males on commitment and in-depth 

exploration, whereas males rated higher than females on reconsideration of commitment.  

In another study encompassing only Italian undergraduate students (Crocetti et al., 2013), 

females scored higher than males on in-depth exploration, but no gender difference was 

found for commitment and reconsideration of commitment.   

Regarding developmental trend, identity tends to develop towards greater 

certainty and less confusion (Meeus, 2011).  Longitudinal research has found that global 

commitment increased and global reconsideration of commitment decreased over time, 

and global in-depth exploration remained stable over five years from adolescence to 

emerging adulthood (Crocetti, Klimstra, Keijsers, Hale, & Meeus, 2009).  Additionally, 

undergraduates have reported higher levels of commitment and in-depth exploration in 

education, and lower level of reconsideration of commitment, compared to adolescents 

(Crocetti et al., 2013).  In the field of engineering, there is evidence supporting that 
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engineering undergraduates tend to become more committed with pursuing an 

engineering degree over the four years of education (Atman et al., 2010; McCain, 

Fleming, Williams, & Engerman, 2007).   

In addition, ethnicity and transfer status may also influence identity.  In a large-

scale study, Litzler and Young (2012) classified undergraduate students who study 

engineering majors into three groups using latent class analysis: committed (high 

commitment to major in engineering and intention to complete the degree), committed 

with ambivalence (moderate commitment to major in engineering and intention to 

complete the degree), and at-risk of attrition (low in both commitment and intention to 

complete the degree).  They found that transfer students were overrepresented in the 

committed group and were more likely to be categorized in the committed group than the 

other two groups.  Whereas Asian American students were less likely to be classified to 

the commitment group than White students, this association was not significant for 

Hispanic and African American students.  Researchers have not explicitly explored mean 

difference for different dimensions of identity formation by ethnicity and transfer status.   

Identity and Student Engagement  

There has been substantial evidence showing that having a congruent sense of self 

is associated with healthy personality characteristics (e.g., conscientiousness) and lower 

psychosocial problems (e.g., anxiety), whereas reconsideration of commitment is related 

to poor psychological and social well-being  (for review see Crocetti, 2017).  Although 

recent research has begun to explore the influence of identity in academic outcomes 

including academic achievement (Pop, Negru-Subtirica, Crocetti, Opre, & Meeus, 2016) 

and academic motivation (Cannard, Lannegrand-Willems, Safont-Mottay, & 
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Zimmermann, 2016), little is known about how identity contributes to achievement-

related behaviors.  Wigfield and Wagner (2005) contented that “There is a dearth of 

research connecting Erikson’s and Marcia’s identity theories with academic outcome 

variables” (p.  229).   

Given the potential for addressing issues related to low academic achievement, 

student disaffection, and high dropout rates, the significance of student engagement has 

been recognized in recent years (Appleton et al., 2008; Fredricks et al., 2004; Wang & 

Degol, 2014).  In the current study, I focused on student engagement and examined the 

predictive power of engineering identity on student engagement because much research 

has revealed that student engagement is directly related to persistence and retention in 

engineering majors, net of academic aptitude and college GPA (French, Immekus, & 

Oakes, 2005; Kamphorst, Adriaan Hofman, Jansen, & Terlouw, 2015; Ohland et al., 

2008). 

Student engagement.  Despite considerable variations regarding 

conceptualization of student engagement, scholars have reached the consensus that 

student engagement is a multidimensional construct (Appleton et al., 2008; Fredricks et 

al., 2004).  Broadly, student engagement encompasses behavioral, emotional, and 

cognitive engagement (Fredricks et al., 2004).  The current study focuses on behavioral 

engagement that refers to behaviors that involve students in the activities of classroom 

and school such as attention, effort, concentration, and persistence (Fredricks et al., 

2004).  Recent research has found that behavioral (dis)engagement is a strong predictor 

of GPA and likelihood of completing degree in undergraduate students (Collie, Holliman, 

& Martin, 2016; Holliman, Martin, & Collie, 2018; Johnson, Taasoobshirazi, Kestler, & 
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Cordova, 2014).  In the field of engineering education, a growing body of research 

suggests that student engagement plays a significant role in retention in engineering 

majors, net of academic aptitude and college GPA (Kamphorst et al., 2015; Ohland et al., 

2008).  In a recent research, Navarro et al. (2019) found that, for engineering 

undergraduates, student engagement (a composition of behavioral engagement and 

emotional engagement) positively predicted engineering academic satisfaction after 

controlling for personality and academic motivation (e.g., self-efficacy, interest, and 

outcome expectations).  It should be noted that the multidimensional nature of student 

engagement has not been highlighted in engineering education.  This study addresses this 

issue by focusing on behavioral engagement that is represented by effort, course choice, 

and persistence (Wolters, 2004).   

The association between identity and student engagement.  One central tenet 

underlying student engagement is commitment because it reflects individual differences 

in the level of different types of student engagement (Fredricks et al., 2004).  Certainty 

derived from commitment to decisions, beliefs, and goals may trigger active engagement 

in learning.  Working hard, selecting more courses, and keeping working while facing 

difficulty are important ways of enacting commitment, which in turn plays a role in 

maintaining a coherent sense of self.  Thus, it is plausible to assume the existence of the 

association between engineering identity and student engagement.  Supporting this claim, 

prior empirical work suggests the association between identity and student behavioral 

engagement.   

Empirical evidence implicitly supports the argument by showing that students 

who commit to their education seem more likely to persist in higher education.  For 



14 
 

 
 

undergraduate students, being less committed to their education is associated with higher 

risk of dropping out from higher education, net of gender and cognitive ability (Germeijs 

& Verschueren, 2007).  Similarly, Klimstra, Luyckx, Germeijs, Meeus, and Goossens 

(2012) found that committed students were less likely to fail exams or switch majors after 

controlling for in-depth exploration.  Meens, Bakx, Klimstra, and Denissen (2018) found 

that students were more likely to be a successful stayer than an unsuccessful dropout of 

the selected major in the first year of higher education when they engaged in more 

exploration in depth controlling for commitment and exploration in breadth (resemble to 

reconsideration of commitment).   

Possessing a clear sense of self is also related to effort that students put in 

completing academic tasks.  Students with relatively higher commitments and self-

exploration (resembling in-depth exploration) in their major choices at the end of Grade 

12 tend to have higher level of positive attitudes towards academic goals and academic 

work, actively apply themselves to academic work, and devote more efforts to academic 

task in the first year of college even controlling for gender and cognitive ability, whereas 

broad exploration was not related to academic adjustment (Germeijs, Luyckx, Notelaers, 

Goossens, & Verschueren, 2012; Germeijs & Verschueren, 2007).  In addition, the 

positive association between commitment and exploration in depth, and academic 

adjustment seems to be relatively stable at least within one year in college students 

(Luyckx, Soenens, Goossens, & Vansteenkiste, 2007).  However, when students are not 

comfortable with and even doubtable about their educational choices, it is not expected 

that they are willing to exert activities that are required substantial cognitive, emotional, 

and psychological resources. 
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Another line of research focused on how identity formation influenced 

educational choices.  Germeijs and Verschueren (2007) have found that students who are 

more confident in their major choice at the end of 12th grade are more inclined to select 

the major that they intended to choose in college over and above gender and cognitive 

ability, whereas the positive relationship is not true for exploration in breadth.   

As a whole, whereas indirect evidence regarding the association between identity 

and behavioral engagement exists, there is no study examining how identity influences 

different aspects of behavioral engagement simultaneously.  Indeed, it is not reasonable 

to assume that identity exerts identical impact on different achievement-related 

behaviors.  Moreover, given that identity synthesis is crucial for academic adjustment and 

academic success, researchers have emphasized and investigated the importance of 

educational commitment.  However, the dark side of personal identity such as 

reconsideration of commitment has largely been overlooked.   

The Present Study 

The primary purpose of the study was to validate the U-MICS in engineering for 

undergraduate students.  The present study aimed to confirm the three-factor structure of 

U-MICS and examine reliability of each subscale and discriminant validity of the U-

MICS in undergraduate students who studied engineering majors.  Additionally, the study 

examined mean differences of engineering identity by gender, undergraduate 

classification, transfer status, and ethnicity.   

Building upon the psychometric work, a second key purpose of the study was to 

examine the relations between identity (i.e., commitment, in-depth exploration, and 

reconsideration of commitment) and student engagement in engineering undergraduate 
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students.  Indeed, the role of identity formation in educational outcomes has been largely 

overlooked in studies pertinent to personal identity, on the one hand; recognizing the 

importance of multidimensional nature of student engagement has not been widely 

emphasized in engineering education, on the other hand.  Following the 

recommendations for a multidimensional conceptualization of student engagement 

(Appleton et al., 2008; Fredricks et al., 2004), my investigation focused on three facets of 

behavioral engagement: effort, course choice, and persistence.  I hypothesized that 

commitment and in-depth exploration would positively predict effort, course choice, and 

persistence, whereas reconsideration of commitment would negatively predict effort, 

course choice, and persistence, over and above academic achievement and gender 

(Germeijs & Verschueren, 2007; Klimstra et al., 2012; Luyckx et al., 2007).   
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Chapter III  

Method 

Participants  

A total of 241 engineering undergraduate students (21.6% females) aged between 

18 and 45 years (Mage = 22.36, SD = 3.52) participated in the study.  All participants were 

recruited from a large southern urban public research university in the United States.  

Self-reported ethnic identification was 29.9% Asian, 32.8% Hispanic/Latino, 29% White, 

4.6% African American/Black, 2.9% mixed ethnicity, and 0.8% declined to answer.  The 

majority of participants (71.8%) studied mechanical engineering, followed by 14.1% 

electrical engineering, 6.2% computer engineering, 3.7% civil engineering and petroleum 

engineering, and 0.4% biomedical engineering.  Regarding grade classification, the 

majority of participants were juniors (59.2%), followed by seniors (26.5%), sophomores 

(13.9%), and freshmen (0.4%).   

Measures 

Demographic questionnaire.  Demographic information included gender (0 = 

male, 1 = female), race/ethnicity, and undergraduate classification (i.e., freshmen, 

sophomore, junior, and senior). 

Academic achievement.  Participants selected their academic grade point average 

(GPA) in engineering on a six-point Likert scale (1 = 3.50 or higher, 2 = 3.00 to 3.49, 3 = 

2.50 to 2.99, 4 = 2.00 to 2.49, 5 = 1.50 to 1.99, 6 = 1.49 or lower).  Kuncel, Credé, and 

Thomas (2005) demonstrated that self-reported GPA was generally valid and reliable for 

college students.   
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Transfer status.  Participants were asked whether they transferred to the current 

four-year university from another institution (1 = No, 2 = Yes, I transferred here from a 

two-year college, 3 = Yes, I transferred here from another four-year college).  In the 

current study, I distinguished students who transferred from a two-year college with 

students who did not transfer or transferred from another four-year college.   

Engineering identity formation.  The original version of U-MICS (Crocetti et 

al., 2015) included 13 items rated on a 5-point Likert scale ranging from 1 (completely 

untrue) to 5 (completely true).  The U-MICS comprised three subscales with five items 

assessing commitment, five items assessing in-depth exploration, and three items 

assessing reconsideration of commitment.  Each subscale score was obtained by 

computing the sum of items, with higher scores indicating higher levels of commitment, 

in-depth exploration, and reconsideration of commitment.  The same items could be 

modified to assess identity formation in different domains.  In the current study, the U-

MICS was adapted to measure identity formation in majoring in engineering.  Example 

items were “My education in engineering gives me a sense of security in life” 

(commitment), “I often try to find out what other people think about my education in 

engineering” (in-depth exploration), and “I often think it would be better to study in a 

different major other than engineering” (reconsideration of commitment).   

Achievement motivation.  Self-efficacy was measured with five items (Mamaril, 

Usher, Li, Economy, & Kennedy, 2016).  An example of the items is “I can master the 

content in the engineering-related courses I am taking this semester.” The response 

options ranged from 1 (completely uncertain) to 6 (completely certain).  The internal 

consistency of self-efficacy scale in the current study was .90, which is comparable to the 
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internal consistency shown by Mamaril et al. (2016) in engineering undergraduates.  

Items adapted from Gaspard et al. (2015) and Trautwein et al. (2012) were used to assess 

interest (5 items), attainment value (4 items), and utility value (4 items).  Participants 

rated each item on a five-point Likert scale from 1 (strongly disagree) to 5 (strongly 

agree).  Subscale scores were obtained by averaging items of each subscale, with higher 

scores indicating higher levels of subjective task values.  The internal consistency in the 

current study was.77, .74, and .77 for interest, attainment value, and utility value, 

respectively.   

Student engagement.  The Motivational Engagement Scale (MES; Wolters, 

2004) was used to assess student engagement in learning engineering.  MES contained 

three subscales: effort, course choice, and persistence.  Effort consisted of four items 

tapping into the extent to which students worked hard to complete academic tasks for 

their engineering class (e.g., “I always work as hard as I can to finish my engineering 

assignments”).  Course choice consisted of four items reflecting students’ attitude toward 

taking additional engineering courses in the future (e.g., “I look forward to taking more 

engineering courses in the future”).  Persistence consisted of four items reflecting 

students’ beliefs about completing academic work for engineering class even when 

encountering distractions, boredom, or difficulty (e.g., “Even if my engineering work is 

dull or boring, I keep at it until I am finished”).  Response options ranged from 1 

(strongly disagree) to 5 (strongly agree).  The subscale score consisted of mean of items, 

with higher scores indicating more active engagement in learning engineering.  The 

internal consistency was .67, .63, and .74 for effort, course choice, and persistence, 

respectively.  However, prior research using this scale has shown adequate internal 
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consistency for effort (𝛼𝛼 = .75) and persistence (𝛼𝛼 = .80) in engineering undergraduate 

students (Wu & Fan, 2016).  

Procedure  

Prior to data collection, ethics approval had been obtained from the University 

Committee for Protection of Human Subjects.  The majority (N = 231) of participants 

were recruited during the first 20 minutes of engineering courses.  With the permission of 

the instructors, I went to four classes (Mechanics II-Dynamics, Microprocessor Systems 

and Experimental Methods) in a large urban university to distribute the paper-and-pencil 

questionnaires and informed consent forms to 280 undergraduate students.  Two hundred 

and thirty-one participants finished and returned the survey with a response rate of 

82.5%.  In addition, an academic advisor sent the electronic recruitment letter via 

department listserv to undergraduates in the department that had not been surveyed.  The 

e-mail included a web link to consent form and the survey in which contents were 

identical to the hard-copy ones completed by participants in the classrooms.  Ten 

undergraduates responded to the electronic survey.  On average, it took 10-15 minutes to 

complete the survey.  All participants were entered into a lottery to win $50 gift cards.   

Analysis Plan 

Preliminary data analysis regarding means, standard deviations, and distributions 

were performed using SPSS version 25.  

Psychometric properties of U-MICS.  A series of Confirmatory Factor Analysis 

(CFA) were performed with Mplus 8.0 (Muthén & Muthén, 1998-2017).  I 

accommodated the relatively small amount of missing data (missingness ranged from .4% 

to 2.9%) with multiple imputation (Enders, 2010).  In the imputation model, all the 13 
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variables related to identity formation were included.  Fifty imputed data sets were 

constructed (NDATASETS = 50 in Mplus) using the latent variable model approach 

(Asparouhov & Muthén, 2010; Enders, 2010).  Given that the items had only five 

categories and were not normally distributed, they were treated as ordered categorical 

variables.  It has been recognized that unweighted least squares estimation 

(ESTIMATOR = ULSMV in Mplus) outperforms other methods (e.g., maximum 

likelihood with robust corrections) for generating accurate inference while estimating 

categorical indicators with relatively small sample sizes (Flora & Curran, 2004; 

Rhemtulla, Brosseau-Liard, & Savalei, 2012).   

Following the procedure performed by Crocetti et al. (2015), a series of CFA 

models were examined (Figure 1).  I first estimated a one-factor model (Model 1.1) in 

which all indicators loaded on one latent factor (i.e., engineering identity).  Then a 

correlated two-factor model (Model 1.2), in which five indicators related to commitment 

loaded to one latent factor (i.e., engineering commitment) and the rest of eight indicators 

loaded to another latent factor (i.e., engineering exploration), was estimated.  Lastly, I 

estimated a three-factor model in which indicators loaded on corresponding latent factors 

and the three latent factors were freely estimated.  In accordance with Crocetti et al. 

(2015), a three-factor model (Model 1.3) without and with (Model 1.4) correlated 

uniquenesses were tested.  To identity models, each variance of latent factors was fixed to 

be 1.  

After establishing the factorial structure of engineering identity, I proceeded with 

testing discriminant validity of the three dimensions of engineering identity by examining 

their correlations with achievement motivation (i.e., self-efficacy, interest, attainment 
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value, and utility value).  Finally, one-way between-subjects multivariate analysis of 

variance (MANOVA) was carried out on three dependent variables: commitment, in-

depth exploration, and reconsideration of commitment. The independent variables 

included gender (male and female), undergraduate classification (sophomore, junior, and 

senior), transfer status (transfer from two-year college and not transfer or transfer from 

another four-year college), and ethnicity (Asian, Hispanic, White, and multiracial).   
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                          Model 1.1                                              Model 1.2                                                Model 1.3 

 
                          Model 1.4                                              Model 1.5                                                Model 1.6 
Figure 1.  Graphical representations of tested models for engineering identity.   COM = commitment; IND = in-depth 
exploration; REC = reconsideration of commitment. 
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The association between engineering identity and student engagement.  A 

two-step structural equation modeling (SEM) strategy was applied to address the 

association between engineering identity and student engagement.  In the first step, a 

measurement model including six latent variables of interest was examined as the 

baseline model (see Figure 2).  Given that a mixture of positively and negatively worded 

items were included in the MES, it is not uncommon to detect method effects (Marsh, 

1996).  In fact, method effects have been commonly encountered in empirical research in 

educational psychology (e.g., Dettmers, Trautwein, Lüdtke, Kunter, & Baumert, 2010; 

Marsh et al., 2013).  Method effects usually occur when wording strategy introduces 

systematic bias which may contaminate measurement models unless being identified or 

removed (Horan, DiStefano, & Motl, 2003).  Failure to handle method effects may have 

substantial negative effects on goodness of fit and estimated parameters which eventually 

may lead to misleading or even wrong interpretations (Marsh et al., 2013).  In the current 

study, the MES included six negatively worded items and six positively worded items.  I 

addressed the potential artifact due to wording by allowing the residuals of the six 

negatively worded items to be correlated.  Following the guidelines by Marsh et al. 

(2013), I compared measurement models without (Model 2.1) and with (Model 2.2) 

correlated uniquenesses to test the appropriateness of the strategy.  In step two, the 

structural model (see Figure 3) was the focus where effort, course choice, and persistence 

were regressed on commitment, in-depth exploration, and reconsideration of 

commitment, while controlling for academic achievement and gender (Model 2.3).   

Unweighted least squares estimator (ESTIMATOR = ULSMV in Mplus) was also 

employed to handle the ordered categorical variables (Rhemtulla et al., 2012).  However, 
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given that additional variables were involved in the sets of analysis, the missing pattern 

(missingness ranged from .4% to 2.9%) differed slightly from the one pertinent to 

examine psychometrics of U-MICS.  Consequently, a new imputation model was 

developed in which all variables used to measure identity formation and student 

engagement as well as gender and engineering GPA were included.  Fifty imputed data 

sets were constructed (NDATASETS = 50 in Mplus).   
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Model 2.1 

 

Model 2.2 

Figure 2.  Graphical representations of measurement models for identity and 
engagement.  COM = commitment; IND = in-depth-exploration; REC = reconsideration 
of commitment; EFF = effort; CCH = course choice; PER = persistence 
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Goodness-of-Fit Indexes to Evaluate Model Fit.  The following model fit 

indices were used to evaluate the fit of models: the comparative fit index (CFA; Bentler, 

1990), the Tucker–Lewis index (TLI; Tucker & Lewis, 1973), and the root-mean-square 

error of approximation (RMSEA; Browne & Cudeck, 1992; Steiger & Lind, 1980, May).  

Values greater than .90 and .95 for both the CFI and TLI are respectively considered to 

reflect acceptable and excellent fit to the data, whereas values for RMSEA less than .05 

and .08 indicate an excellent fit and an acceptable fit to the data respectively (Hu & 

Bentler, 1999; Marsh, Hau, & Grayson, 2005).  In addition to the global model fit 

indices, local fit testing was also examined by checking residual correlations (Kline, 

2016).   
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Chapter IV 

Results 

Psychometric Properties of U-MICS 

Preliminary analysis.  Table 1 presents means, standard deviations, and 

polychoric correlations between U-MICS items.  It is worthwhile to note that item IND5 

(“I often try to find out what other people think about my education in engineering.”) had 

a lower mean (M = 2.78) and higher standard deviation (SD = 1.30) relative to other 

items regarding in-depth exploration (IND1-IND4), suggesting that engineering students 

had substantial variability in responding to item IND5.   

The polychoric correlations between items within each subscale ranged from .57 

to .82, .27 to .74, and .53 to .65, for commitment, in-depth exploration, and 

reconsideration of commitment, respectively.  In addition, items related to commitment 

were positively correlated with items related to in-depth exploration (r = .18 to .60), 

whereas they were negatively correlated with items related to reconsideration of 

commitment (r = -.35 to .00).  Despite weak correlations, four out of five items designed 

to assess in-depth exploration were negatively correlated with reconsideration of 

commitment items (r = -.14 to .01).  However, IND5 which is supposed to measure in-

depth exploration had positive and moderate correlations with items regarding 

reconsideration of commitment (r = .21 to .26).  In combination with the relatively large 

response variability, the positive correlations with reconsideration items suggested that 

IND5 might be problematic.  It implies that an endorsement of item IND5 may refer to 

either in-depth exploration or reconsideration of commitment or both for engineering 

undergraduate students.  
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Table 1 

Means, Standard Deviations, and Polychoric Correlations among Identity Items 

  𝑀𝑀 𝑆𝑆𝑆𝑆 1 2 3 4 5 6 7 8 9 10 11 12 
1.  COM1 3.94 0.87                         

2.  COM2 3.96 0.93 0.57 
           

3.  COM3 3.73 0.99 0.58 0.65 
          

4.  COM4 3.94 0.87 0.74 0.74 0.67 
         

5.  COM5 3.75 0.97 0.63 0.67 0.82 0.68 
        

6.  IND1 3.66 1.00 0.39 0.39 0.39 0.43 0.37 
       

7.  IND2 3.73 1.03 0.36 0.35 0.41 0.48 0.34 0.34 
      

8.  IND3 3.86 0.98 0.28 0.28 0.40 0.36 0.30 0.39 0.52 
     

9.  IND4 3.68 0.99 0.54 0.48 0.49 0.60 0.53 0.74 0.49 0.41 
    

10.  IND5 2.78 1.30 0.35 0.18 0.28 0.20 0.29 0.27 0.36 0.31 0.35 
   

11.  REC1 2.23 1.17 -0.18 -0.35 -0.28 -0.31 -0.35 -0.06 -0.10 -0.02 -0.10 0.21 
  

12.  REC2 1.53 0.98 0.00 -0.28 -0.26 -0.19 -0.26 0.01 -0.01 -0.05 -0.08 0.25 0.61 
 

13.  REC3 2.35 1.25 -0.13 -0.25 -0.23 -0.22 -0.25 -0.06 -0.10 -0.03 -0.14 0.26 0.65 0.53 

Note.  COM = commitment, IND = in-depth exploration, REC = reconsideration of commitment. 
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Confirmatory factor analysis.  Table 2 presents global model fit indices.  I first 

examined the factorial structure of U-MICS in line with previous research (Crocetti et al., 

2015), in which U-MICS comprised 13 items.  As anticipated, the model fit was not 

acceptable either for the one-factor model (Model 1.1) or two-factor model (Model 1.2).  

The three-factor model without correlated uniqueness (Model 1.3) presented marginally 

acceptable fit to the data as a result of RMSEA exceeding the criterion value of .08.  I 

proceeded with the model (Model 1.4) that is identical with Crocetti et al. (2015) in 

which three pairs of uniqueness were allowed to correlate.  Model 1.4 yielded acceptable 

fit indices which are comparable with Model 1.3.   

In the three-factor models (Models 1.3 and 1.4), however, the residual 

correlations between IND5 and three indicators related to reconsideration of commitment 

ranged from .23 to .28, which substantially exceeded the cutoff of .10 (Kline, 2016).  

This large discrepancy between the observed correlations and model predicted 

correlations suggested that the model was misspecified for the sample.  The noticeable 

residual correlations in combination with relatively lower mean and larger standard 

deviation of IND5 suggest that IND5 was somewhat problematic.  Thus, I developed 

Model 1.5 which possessed identical model specifications with Model 1.3 except that 

IND5 loaded on both in-depth exploration and reconsideration of commitment.  The 

three-factor model with cross-loading (Model 1.5) yielded excellent fit statistics.   
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Table 2 

Fit Indices for the One-Factor, Two-Factor, and Three-Factor Models 

Model 𝜒𝜒2 𝑑𝑑𝑑𝑑 CFI TLI RMSEA Description 
13 items       
Model 1.1 516.643 65 .740 .688 .170 One factor: identity 
Model 1.2 488.746 64 .756 .702 .166 Two factors: commitment & exploration 
Model 1.3 165.247 62 .941 .925 .083 Three factors: commitment, in-depth exploration, 

& reconsideration of commitment 
Model 1.4 155.936 59 .944 .926 .083 Model 1.3 + correlated uniqueness (COM1 with 

COM4, COM2 with COM4, and IND2 with 
IND5) 

Model 1.5 110.179 61 .972 .964 .058 Model 1.3 + cross-loading of IND5 on in-depth 
exploration & reconsideration of commitment 

12 items       
Model 1.6 92.933 51 .975 .968 .058 Three factors: commitment, in-depth exploration, 

& reconsideration of commitment 
 
 

 



32 
 

 
 

Another solution for coping with the large residual correlations in CFA is to drop 

the problematic item as long as the modification of the model with less indicators did not 

change the pattern of estimated parameters in the original model (Brown, 2015).  In 

addition to models with 13 items that are consistent with prior research (Crocetti et al., 

2015), I also examined a model excluding the problematic item (IND5) because (1) cross-

loading violates the parsimonious principle in SEM, and (2) it is not reasonable to assume 

that reconsideration of commitment causes an indicator designed to assess in-depth 

exploration.  The fit of three-factor model excluding item IND5 (Model 1.6) was 

excellent.  More importantly, the absolute values of all residual correlations were 

below .20, despite few residual correlations above .10 (61 out of 66). 

Table 3 presented standardized factor loadings for the three-factor models with 13 

indicators and the three-factor model with 12 indicators.  As can be seen, the standardized 

factor loadings for Model 1.6 were comparable with corresponding standardized factor 

loadings for Models 1.3, 1.4, and 1.5, with difference taking place at the second decimal 

place.  Interestingly, in Models 1.3 and 1.4, only 19% and 18% of variance of IND5 was 

accounted for by in-depth exploration, which renders additional evidence for dropping 

IND5 from the model.   

Table 4 displayed latent factor correlations between the three dimensions of 

identity formation.  It is obvious that the patterns of correlations for Model 1.6 were 

comparable with the other three models, with differences taking place at the second 

decimal places.  Despite somewhat noticeable discrepancy regarding the correlation 

between in-depth exploration and reconsideration of commitment, none of them was 

significant across the four models. 
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Table 3 

Standardized Factor Loadings Fitted to Three-factor CFA 

Item Model 1.3 Model 1.4 Model 1.5 Model 1.6 
 Commitment 

 
 

  

 COM1 .75*** .72*** .75*** .74*** 
 COM2 .79*** .78*** .79*** .80*** 
 COM3 .83*** .84*** .84*** .83*** 
 COM4 .88*** .84*** .88*** .89*** 
 COM5 .85*** .86*** .85*** .85*** 

 In-depth exploration   
  

 IND1 .69*** .69*** .67*** .69*** 
 IND2 .65*** .64*** .64*** .64*** 
 IND3 .57*** .57*** .56*** .56*** 
 IND4 .88*** .88*** .86*** .89*** 
 IND5 .44*** .42*** .55***        -- 

 Reconsideration of commitment   
  

 IND5 --  .36*** -- 
 REC1 .93*** .92*** .90*** .92*** 
 REC2 .68*** .68*** .69*** .67*** 
 REC3 .73*** .73*** .74*** .73*** 

Note.  *  p < .05, ** p < .01, *** p < .001.  Model 1.3 is a three-factor model without 
correlated uniqueness nor cross-loading (13 indicators in total).  Model 1.4 is the three-
factor model with correlated uniqueness (13 indicators in total).  Model 1.5 is a three-
factor model with cross-loading (13 indicators in total).  Model 1.6 is a three-factor 
model after dropping item IN5 (12 indicators in total).  COM = commitment, IND = in-
depth exploration, REC = reconsideration of commitment. 
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Table 4 

Correlations among Latent Factors 

Construct Model 1.3 Model 1.4 Model 1.5 Model 1.6 
 Commitment with 

 
 

  

 In-depth exploration .71*** .73*** .74*** .72*** 
 Reconsideration of commitment -.38*** -.38*** -.37*** -.38*** 

 In-depth exploration with   
  

 Reconsideration of commitment -.05 -.05 -.13 -.12 

Note.  *  p < .05, ** p < .01, *** p < .001.  Model 1.3 is a three-factor model without 
correlated uniqueness nor cross-loading (13 indicators in total).  Model 1.4 is the three-
factor model with correlated uniqueness (13 indicators in total).  Model 1.5 is a three-
factor model with cross-loading (13 indicators in total).  Model 1.6 is a three-factor 
model after dropping item IN5 (12 indicators in total).   
 

Taking the evidence related to item descriptive statistics, global model fit, 

standardized factor loadings, and factor correlations together, I decided to retain Model 

1.6 that is the three-factor model of identity formation in engineering by dropping one 

indicator for in-depth exploration.  Specifically, the standardized factor loadings were 

ranged from .74 to .89, .56 to .89, and .67 to .92 for commitment, in-depth exploration, 

and reconsideration of commitment, respectively.  Commitment was positively correlated 

with in-depth exploration (r = .72, p < .001), whereas commitment was negatively 

correlated with reconsideration of commitment (r = -.38, p < .001).  In-depth exploration 

was not significantly correlated with reconsideration of commitment (r = -.12, p = .101).  

Importantly, Model 1.6 was more parsimonious than Models 1.3, 1.4, and 1.5.   

Reliability.  The internal consistency was .88, .75 (vs .73 for five items in terms 

of in-depth exploration), and .73 for commitment, in-depth exploration, and 

reconsideration of commitment, respectively.   

Validity evidence of the U-MICS scores in relation to motivation.  Table 5 

presents the correlation between three dimensions of identity formation and achievement 
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motivation constructs (i.e., self-efficacy, interest, attainment value, and utility value).  All 

correlations were statistically significant.  Despite large effect sizes (Cohen, 1992) 

regarding correlations of subjective task values with identity formation, results support 

the discriminant validity of engineering identity with achievement motivation.  

Table 5 

Correlations Between Three Dimensions of Engineering Identity and Motivation 

Variable  Self-
efficacy 

Interest Attainment Utility 

1.  Commitment  .42** .47** .55** .54** 
2.  In-depth exploration .19** .53** .56** .47** 
3.  Reconsideration of 
commitment 

-.28** -.33** -.36** -.19** 

Note.  *  p < .05, ** p < .01. 

Mean differences of engineering identity by demographics.  Using Wilks’s 

criterion, the dependent variate (i.e., three dimensions of engineering identity) was 

significantly influenced by race (Wilks’s 𝜆𝜆 = .93,𝐹𝐹[9, 567] = 1.98,𝑝𝑝 <

.05,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝜂𝜂2 = .025). Using Pillai’s trace, the dependent variate (i.e., three dimensions 

of engineering identity) was significantly affected by grade classification (Pillai’s trace 

= .07, 𝐹𝐹[6, 466] = 2.91,𝑝𝑝 < .01,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝜂𝜂2 = .036).  There were no significant 

differences in engineering identity by transfer status (Wilks’s 𝜆𝜆,𝐹𝐹[3, 233] = .98,𝑝𝑝 >

.1,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝜂𝜂2 = .019) or gender (Wilks’s 𝜆𝜆 = .98,𝐹𝐹[3, 237] = 1.59,𝑝𝑝 >

.1,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝜂𝜂2 = .02).  The results of univariate ANOVAS (see Table 6) for each 

dependent variable showed that juniors scored significantly higher in commitment than 

sophomores (F = 6.23, p < .01) and Asian students had higher reconsideration of 

commitment than White students (F = 3.49, p < .05). Although multivariate effect was 

not significant for transfer status, results of univariate ANOVAS showed that engineering 
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students who transferred from a two-year college scored higher on commitment than 

students who started their higher education in a four-year college or students who 

transferred from another four-year college (F = 4.18, p < .05). 
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Table 6 

Means, Standard Deviations, and Results of One-way MANOVA for Three Dimensions of Engineering Identity 

 
Commitment  In-depth  Reconsideration 

 M (SD) F 𝜂𝜂𝑝𝑝2  M (SD) F 𝜂𝜂𝑝𝑝2  M (SD) F 𝜂𝜂𝑝𝑝2 

Gender 
    Female (n = 52) 
    Male (n = 189) 

 
3.81 (0.82) 
3.88 (0.75) 

 
0.32 

 

 
.001 

  
3.80 (0.66) 
3.70 (0.78) 

 
0.69 

 

 
.003 

  
2.24 (1.01) 
1.97 (0.92) 

 
3.37 

 

 
.014 

Grade 
    Sophomore (n = 32) 
    Junior (n = 138) 
    Senior (n = 60) 

 
3.48a (0.63)

 
 

3.98b (0.71)
 
 

3.85 (0.82) 

 
6.23** 

 
 

 
.051 

  
3.56 (0.60) 
3.84 (0.74) 
3.65 (0.78) 

 
3.69 

 
 

 
.031 

  
2.02 (0.69) 
2.08 (0.97) 
1.92 (0.87) 

 
0.62 

 

 
.005 

Transfer status 
    Transfer (n = 92) 
    Non-transfer (n = 145) 

 
3.99a (0.76) 
3.79b (0.70) 

 
4.18* 

 
.017 

  
3.81 (0.82) 
3.68 (0.71) 

 
1.69 

 
 

 
.007 

  
2.00 (0.97) 
2.01 (0.87) 

 
.01 

 
 

 
.000 

Race/ethnicity 
    Asian (n = 72) 
    Hispanic (n = 79) 
    White (n = 70) 
    Other (n = 18) 

 
3.71 (0.77) 
4.00 (0.70) 
3.84 (0.73) 
4.07 (0.82) 

 
2.36 

 
 
 

 
.029 

  
3.71 (0.76) 
3.75 (0.80) 
3.71 (0.71) 
3.89 (0.64) 

 
.34 

 
 
 

 
.004 

  
2.28a (0.94) 

2.01 (0.94) 
1.80b (0.81) 
2.13 (0.92)

 
 

 
3.49* 

 
 
 
 

 
.043 

Note. Means with different superscripted letters differed significantly at the .05 level by means of Tamhane post hoc test.  
*  p < .05, ** p < .01. 
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Association between Engineering Identity and Student Engagement 

Measurement model.  The measurement model included six latent variables 

(commitment, in-depth exploration, reconsideration of commitment, effort, course 

choice, and persistence) with the latent variables all correlated with each other.  Method 

effects were not considered in the first measurement model (Model 2.1).  As anticipated, 

it produced not yet acceptable model fit, 𝜒𝜒2(237) = 497.787; CFI = .903; TLI = .887; 

RMSEA = .068, in which TLI failed to meet the criterion.  In the second measurement 

model (Model 2.2), method effects were incorporated by adding fifteen error covariances 

among six negatively worded indicators associated with student engagement.  Model 2.2 

resulted in acceptable model fit, 𝜒𝜒2(222) = 396.775; CFI = .936; TLI = .919; RMSEA 

= .057. Thus, Model 2.2 was retained as the baseline model for the following analyses.   

For Model 2.2, the standardized factor loadings for the three dimensions of 

identity formation ranged from .54 to .89 and were all statistically significant at .05 level.  

The standardized factor loadings for the three facets of student engagement ranged 

from .35 to .91 and were all significant at .05 level.   

As shown in Table 7, all bivariate correlations among latent factors except the 

correlation between in-depth exploration and reconsideration of commitment were 

statistically significant and in the expected direction.  Commitment was strongly and 

positively correlated with in-depth exploration (r = .72), whereas it was moderately and 

negatively correlated with reconsideration of commitment (r = -.38).  However, in-depth 

exploration was not significantly correlated with reconsideration of commitment.  The 

correlations among effort, course choice, and persistence ranged from .39 to .63.  

Commitment and in-depth exploration were related to higher student engagement (r = .46 
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to .62 and .48 to .63, respectively), whereas reconsideration of commitment was related 

to lower student engagement (r = -.18 to -.55).   

Table 7 

Means, Standard Deviations, and Intercorrelations among All Latent Variables 

Variable  1 2 3 4 5 6 
1.  Commitment  1.00      
2.  In-depth exploration 0.72*** 1.00     
3.  Reconsideration of 
commitment 

-0.38*** -0.12 1.00    

4.  Effort 0.48*** 0.54*** -0.18* 1.00   
5.  Couse choice 0.62*** 0.63*** -0.55*** 0.39*** 1.00  
6.  Persistence 0.46*** 0.48*** -0.38*** 0.63*** 0.40*** 1.00 
M 3.86 3.74 2.03 4.15 3.89 3.60 
SD 0.76 0.75 0.91 0.66 0.75 0.77 

Note.  *  p < .05, ** p < .01, *** p < .001. 
 

Structural equation modeling.  After demonstrating acceptable fit of the 

measurement model to the data, SEM was performed to examine the extent to which 

identity formation contributes to student engagement controlling for engineering GPA 

and gender (Model 2.3).  The fit of Model 2.3 was satisfactory, 𝜒𝜒2(264) = 335.544; CFI 

= .956; TLI = .946; RMSEA = .034.  Figure 3 displayed the standardized path 

coefficients from engineering identity to student engagement.  As expected, in-depth 

exploration positively predicted effort, course choice, and persistence over and above 

commitment and reconsideration of commitment and, in particular, the effect sizes were 

moderate to large (𝛽𝛽 = .40 to .52, p < .01).  Reconsideration of commitment negatively 

predicted course choice (𝛽𝛽 = -.43, p < .01) and persistence (𝛽𝛽 = -.31, p < .01), whereas it 

did not significantly predict effort, controlling for commitment and in-depth exploration.  

Somewhat surprisingly, commitment was not significantly related to student engagement 

net of in-depth exploration and reconsideration of commitment.  Engineering GPA and 
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gender accounted for minor variances in effort, course choice, and persistence (4%, 4%, 

and 2%, respectively).  The three dimensions of engineering identity accounted for 30%, 

59%, and 32% of the variance in effort, course choice, and persistence, respectively.   

Closer inspection of the results led to concerns about the threat of collinearity.  

There was a very strong correlation between commitment and in-depth exploration (r 

= .72) and the standard errors for the association between commitment and in-depth 

exploration, and student engagement were substantial ranging from .14 to .22.  As 

suggested by Marsh et al. (2004), large correlations between predictors and large standard 

errors for the commitment-to-student engagement and in-depth exploration-to-student 

engagement paths signaled a potential problem in the model as a result of collinearity 

between the two predictors that may distort statistical analysis and produce 

uninterpretable results (York, 2012).  In addition, collinearity in SEM may cause type Ⅱ 

errors (Grewal, Cote, & Baumgartner, 2004).  This collinearity between commitment and 

in-depth exploration might give rise to the strange results: in-depth exploration was a 

strong predictor of student engagement, whereas commitment was not, albeit the similar 

pattern of correlations between commitment and in-depth exploration, and student 

engagement. 

Marsh et al. (2004) proposed a solution aiming to negotiate the collinearity 

problems in SEM.  This approach has been widely applied in educational psychology 

research (e.g., Arens et al., 2017; Lauermann, Tsai, & Eccles, 2017; Luo, Lee, Ng, & 

Ong, 2014).  The central tenet of this approach is to detect whether or not the path 

coefficients from two predictors with high correlations to outcome variables are 

significantly different from each other.  Specifically, comparing one model in which 
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paths from predictors with collinearity to an outcome variable are freely estimated with 

one model in which the two paths are constrained to be equal allows us to estimate 

whether the two predictors with collinearity have the same effect on the outcome 

variable.  Because the constrained model is nested within the freely estimated model, the 

model fit for the more parsimonious model cannot be better than the freely estimated 

model.  If the two paths differ, the model with freely estimated paths should fit 

significantly better than the constrained model.  Otherwise, it evidences the equality of 

path coefficients.  Given that chi square difference test under ULSMV is not appropriate 

between two nested models, I used the approach proposed by Cheung and Rensvold 

(2002) and Chen (2007) to compare model fit. Specifically, there would be evidence 

supporting the more parsimonious model when (1) the decrease of relative model fit (e.g., 

CFI) for the constrained model is less than .01 and (2) the increase of relative model fit 

(e.g., RMSEA) for the constrained model does not exceed .015. 

Following this guidance, a constrained model (Model 2.4) such that paths of in-

depth exploration-to-effort and commitment-to-effort were constrained to be equal was 

tested.  In this model, paths of in-depth exploration-to course choice and commitment-to-

course choice were constrained to be equal and paths of in-depth exploration-to 

persistence and commitment-to-persistence were constrained to be equal.  The remaining 

parameters were freely estimated.   

Results showed that Model 2.4 fitted the data well, 𝜒𝜒2(267) = 340.469; CFI 

= .954; TLI = .945; RMSEA = .034.  It turns out that constraining the three pairs of paths 

from commitment and in-depth exploration to effort, course choice, and persistence to be 

equal (Model 2.4) did not significantly reduce the model fit related to the freely estimated 
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model (Model 2.3), ΔCFI = -.002 and ΔRMSEA = .000.  More importantly, the standard 

errors of the coefficients for associations between commitment and in-depth exploration, 

and student engagement dropped substantially (.05 to.07).  Thus, Model 2.4 with 

constraint paths was retained as the final model.  As shown in Figure 4, commitment and 

in-depth exploration positively and equally predicted effort, course choice, and 

persistence (𝛽𝛽 = .23 to .30, p < .01), suggesting that both commitment and in-depth 

exploration play an equally important role in promoting active student engagement.  

Three identity formation dimensions accounted for 27%, 54%, and 29% of the variance 

in effort, course choice, and persistence, respectively. 
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Figure 3.  Standardized path coefficients for the freely estimated model.  Path model depicting the hypothesized relationships 
between identity formation processes and three facets of student engagement which are all freely estimated, controlling for 
engineering GPA and gender.  All coefficients are standardized.  *p < .05, **p < .01, *** p < .001. 
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Figure 4.  Standardized path coefficients for the constrained model.  Path model depicting the hypothesized relationships 
between identity formation processes and three facets of student engagement in which the paths from commitment and in-
depth exploration to corresponding student engagement are constrained to be equal, controlling for engineering GPA and 
gender.  All coefficients are standardized.  *p < .05, **p < .01, ***p < .001. 
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Chapter V 

Discussion  

Engineering identity has received increasing attention in recent research (Beam, 

Pierrakos, Constantz, Johri, & Anderson, 2009; Eliot & Turns, 2011).  However, there is 

no valid and reliable instrument that allows researchers to empirically assess engineering 

identity.  This is one of the first studies that applied identity formation theory (Crocetti et 

al., 2008) to the field of engineering education.  Viewing engineering identity as a 

process not only precludes overlap of operationalization of engineering identity with 

constructs already in literature, but also offers the opportunity to look at how 

undergraduate students in engineering majors or more broadly in STEM majors, develop 

new identity, maintain and revise current identity.  More importantly, this study makes a 

significant contribution to the existing literature by examining the generalizability of the 

U-MISC to a sample of engineering undergraduate students and presents a 

psychometrically appropriate instrument to assess identity formation in engineering.  

Additionally, results support the hypothesized model by showing that each dimension of 

engineering identity had an independent contribution to different facets of student 

engagement and particularly, commitment and in-depth exploration were equally 

important predictors of student engagement. 

Psychometric Properties of U-MICS 

Factor structure of U-MICS in engineering.  My results on the factor structure 

of identity aligned with theoretical (Crocetti et al., 2008) and empirical (Crocetti et al., 

2015; Crocetti et al., 2013) expectations.  In line with my expectation, this study 

supported the three-factor identity model (i.e., commitment, in-depth exploration, 
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reconsideration of commitment) in engineering undergraduate students.  It is important to 

note that there were four indicators for in-depth exploration in the current model, which 

slightly deviates from prior research (Crocetti et al., 2015) in which five indicators loaded 

on in-depth exploration.  One item was excluded due to its double meaning for 

engineering college students (“I often try to find out what other people think about my 

education in engineering.”).  For individuals with high in-depth exploration, although 

they feel comfortable about their commitment with majoring in engineering, they may be 

still attempting to confirm that their choices are inherently in line with their long-term 

goals by trying to have a sense of majoring in engineering in other’s eyes.  On the other 

hand, people who are no longer satisfactory with their majors in engineering may also 

need to find out what other people think about majoring in engineering to reinforce their 

decisions.  Indeed, opting out of engineering and choosing another major usually deserve 

thoughtful consideration.  Despite mixed attitudes towards majoring in engineering, 

people with high reconsideration of commitment may be selective about other’s attitudes 

because what they need are disadvantages of learning engineering in order to support 

their decisions of switching from engineering to another major.   

Moreover, the internal consistency of the in-depth exploration subscale improved 

slightly by excluding the double meaning item, which provided additional evidence for 

the exclusion.  Taken together, the evidence in the study supports the conceptualization 

of identity formation as a process with three dimensions as proposed by Crocetti et al. 

(2008). 

As anticipated, commitment was positively correlated with in-depth exploration, 

suggesting that students who make firm choice in learning engineering and perceive 
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confidence from their choice continue to explore their commitment in engineering and 

vice versa.  It is interesting to notice that the factor correlation between commitment and 

in-depth exploration in the present study (r = .72) had a noticeably larger effect size than 

the factor correlation found in prior research (r = .37 to .50).  The discrepancy of this 

effect size suggests that the strength of the association between commitment and in-depth 

exploration may vary by undergraduate students’ majors.  Whereas the present study 

focused on engineering undergraduate students, the population examined in prior 

research was typically consisted of undergraduate students in a variety of majors.  For 

engineering undergraduate students, the strong correlation between commitment and in-

depth exploration implies that the two identity formation processes reinforce each other.  

Thus, an intervention designed to promote either commitment or in-depth exploration 

would suffice to formulate a clear sense of self in engineering.  For undergraduate 

students in other majors, a weak correlation may exist, implying a lack of interaction 

between the two identity formation processes.  Accordingly, interventions need to target 

improvement of both commitment and in-depth exploration aiming to formulate a clear 

sense of self in the specific majors.  

Commitment was negatively correlated with reconsideration of commitment, 

suggesting that students with commitment in engineering are not likely to compare the 

choice of learning engineering with alternatives of learning other majors, whereas 

students who are not comfortable with their choice of learning engineering and thus 

looking for alternative majors are less likely identified with engineering.  The effect size 

in the present study (r = -.38) was comparable to prior research (r = -.22 to -.33). 
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Whereas Crocetti et al. (2013) found a negative correlation between in-depth 

exploration and reconsideration of commitment in Italian undergraduates, insignificant 

correlation between them was found in current study echoing Crocetti et al. (2015), 

indicating that engineering in-depth exploration and reconsideration of commitment were 

separate identity formation processes.  The effect size in the present study (r = -.12) was 

also comparable to prior research (r = -.07 to -.21). 

Engineering identity is differentiated from achievement motivation.  This 

study advances prior research by demonstrating that engineering identity could and 

should be distinguished from achievement motivation.  As noted in a systematic review 

which synthesized the use of engineering identity in theory and practice in extant 

literature, Patrick and Borrego (2016) contented that few existing quantitative studies 

focusing on engineering identity were able to isolate from self-efficacy, expectancy-

value, and motivation.  Conceiving achievement motivation as engineering identity is 

theoretically plausible and meaningful, but it may restrict our understanding of the 

development of engineering identity and correlates with other constructs.  My results 

supported the discriminant validity of engineering identity from self-efficacy, interest, 

attainment value, and utility value, suggesting that identity and achievement motivation 

may work together to contribute to engineering undergraduate students learning 

behaviors and outcomes.   

Mean differences of engineering identity.  Another key finding of this study is 

that engineering identity varies as a function of demographic attributes.  My finding 

suggests that identity formation processes are relatively homogenous between female and 

male engineering undergraduate students.  It should be noted that the insignificant gender 
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difference regarding three dimensions of identity formation in engineering might function 

as unbalanced gender distribution in the present study.    

Juniors scored higher in commitment relative to sophomores.  Indeed, students 

entering in engineering usually have a limited understanding of engineering programs 

(Cruz & Kellam, 2018).  As progressing throughout higher education, exposure to more 

engineering classes and increasing interactions with instructors, advisors, and peers allow 

them to have a more and more comprehensive understanding of engineering majors.  The 

incremental clarification about learning engineering may enhance their commitment in 

engineering.  However, the findings of grade differences of identity formation should be 

interpreted with caution because of the unbalanced sample size across groups. 

Echoing to prior research in which Asian students were less likely to be classified 

as commitment group relative to White students (Litzler & Young, 2012), I found that 

Asian students had higher reconsideration of commitment compared to White students.  

Asian parents usually have higher educational expectations relative to other ethnic groups 

and place particular value on learning science and mathematics.  Although Asian students 

well internalize such expectations and value, they may also have strong interests in 

learning other majors such as business and health.  The conflict between parental 

expectation and personal interests may result in their high reconsideration of 

commitment.    

Interestingly, students who transferred from a two-year college reported higher 

engineering commitment than students who did not transfer and those who transferred 

from a four-year university.  Transferring from a two-year college to a four-year 

university is a product of long-term planning in which students must dedicate to their 
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career goals of being an engineer and work hard in the two-year college in order to 

become competitive enough to transfer to a four-year college.  In other words, students 

who transferred from a two-year college made a strong choice of transferring after 

actively exploring potential alternatives.  They have a clear long-term career goal and 

know how to achieve it.  For many undergraduates who initially choose an engineering 

major in a four-year university, their decisions of learning engineering may be 

significantly influenced by parents and peers without enacting consciously exploration of 

engineering majors and alternative majors.  Thus, it is not surprising that students who 

transfer from a two-year college are more committed in learning engineering compared to 

their counterparts who start their higher education in a four-year university or transfer 

from another four-year university.   

Engineering Identity and Student Engagement 

Consistent with my expectations, I found that engineering undergraduate students 

devoted more effort to complete academic tasks, had intention to enroll in more 

engineering courses, and had stronger persistence in facing challenging learning activities 

related to engineering when they decided to commit to engineering majors and actively 

explored their commitment in engineering majors.  This is in line with previous findings 

in which commitment and in-depth exploration promote academic success and academic 

adjustments (Germeijs & Verschueren, 2007; Klimstra et al., 2012; Luyckx et al., 2007; 

Meens et al., 2018).  According to Erikson (1968), having an organized and coherence 

sense of identity is crucial for healthy functioning.  My findings support this prediction: 

the higher levels of commitment and in-depth exploration students have, the more 

actively they engage in learning engineering.   
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The interplay between commitment and in-depth exploration is the basis of 

identity maintenance cycle in which people are attempting to validate their commitments 

(Crocetti, 2017).  Maintaining commitment in engineering represents an integration of 

prior experiences, contemporaneous identifications, and expectations for the future, 

reflecting an equilibrium between personal characteristics (e.g., goals, values, and 

competence) and the environment where one is embedded in.  Strong commitment in 

engineering majors indicates best fit of personal characteristics with the major.  It is not 

possible to maintain certain commitment without enacting the strong choice one has 

made.  Learning engineering is not always easy and joyful for many undergraduates.  

Concentrating on learning, trying hard when facing difficulty, using self-regulated and 

strategic approach to learn are all elaboration and confirmation of a meaningful, 

decidedness, and certainty sense of self.  For undergraduate students who have committed 

to engineering majors, selecting more engineering courses, even though challenging, 

would foster their knowledge and skills in the field.  In turn, the mastery of learning 

would confirm and strengthen the commitment. 

Extending prior work, I found that commitment and in-depth exploration play an 

equally important role in predicting effort, course choice, and persistence.  As noted by 

Meeus, Iedema, and Maassen (2002), commitment serves as the function of giving a 

structure of identity, and in-depth exploration functions as validating the commitment.  

Thus, strong commitment demands more identity work than weak commitment and 

identity work is accompanied with strong commitment (Meeus et al., 2002).  It appears 

that commitment and in-depth exploration usually co-exist in a person.  It is reasonable to 

posit that both commitment and in-depth exploration are important predictors of student 
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engagement.  However, given the relatively high correlation between commitment and 

in-depth exploration for engineering undergraduate students, the collinearity produced 

misleading results: student engagement was better predicted by in-depth exploration 

compared to commitment.  Following the guidelines of Marsh et al. (2004), I tested an 

additional model in which the path from commitment to student engagement was 

constrained to be equal with the path from in-depth exploration to student engagement.  

This methodological practice echoes Marsh et al. (2004) by showing that “Researchers, 

like detectives, should develop appropriate tests of plausible counterinterpretations of 

their conclusions, pursue these tests as part of an ongoing research program, and make a 

case for the most defensible interpretations” (p.520).  This methodological consideration 

has significant implications for future research aiming to examine the independent effect 

of commitment and in-depth exploration on any outcome variables.  The large correlation 

between commitment and in-depth exploration in a variety of developmental domains has 

consistently been reported in prior research (Crocetti et al., 2015; Meeus et al., 2002), 

which may raise concerns in terms of collinearity for regression analysis and SEM.  Thus, 

when commitment and in-depth exploration are collinearity predictors in a model, it is 

worthwhile to scrutinize the results and develop an appropriate alternative model in the 

case of collinearity causing uninterpretable results.   

Regarding the dark side of identity formation, students who are not satisfactory 

about engineering majors are less likely to take additional engineering courses because 

they may be planning to select courses in another major that may better fit their goals.  

Identity confusion is associated with a disorganized sense of self, in which people do not 

know what their values and goals and what their life purposes are.  Given absence of a 
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clear identity, individual behavior is usually regulated by external factors.  Thus, it is not 

expected that students with high levels of reconsideration of commitment to concentrate 

on learning engineering while faced with distractions.  Surprisingly, reconsideration of 

commitment was not related to effort after taking commitment and in-depth exploration 

into consideration.  Despite coexistence of the three dimensions of identity formation, the 

two dimensions representing possessing a clear sense of self plays a so stronger role in 

effort that the impact of reconsideration of commitment is negligible.   

Interestingly, the three dimensions of identity formation predicted course choice 

more strongly than effort and persistence.  One potential explanation of the finding is the 

match of measurement level between predictors and outcome variables.  The three-factor 

model of identity formation mainly addresses how identity is formulated by focusing on 

decision making (Luyckx et al., 2009).  Bandura (1997) argued that self-perception 

variables were more closely related to each other when they were measured at the 

proximate level.  It is obvious that course choice is characterized by decision making, 

whereas effort and persistent describe intentions of enacting behaviors.  Thus, it is not 

surprising that identity formation is a stronger predictor of course choice relative to effort 

and persistence.   

Theoretical and Practical Implications  

Findings of the current study have important implications for theory and practice.  

Theoretically, introducing a dynamic perspective in studying engineering identity allows 

scholars to look concretely at the identity formation process in engineering 

undergraduates.  More importantly, it allows researchers to examine engineering identity 

and achievement motivation simultaneously.  There is a call to integrate identity 
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formation and achievement motivation and examine the complex dynamics between them 

(Kaplan & Flum, 2010).  Wigfield and Wagner (2005) even concluded that “a discussion 

of competence and motivation in adolescence would be incomplete without consideration 

of the effects that identity development processes may have on these constructs” (p.  

228).  This study serves as an initial attempt to achieve this aim.  Studying this issue in 

STEM fields would be particularly beneficial because both identity and motivation have 

profound implications for persistence and academic success in these fields.   

The refinement of the three-factor model of U-MICS has important implications 

for research.  Prior research has shown that in-depth exploration is a double-edged sword 

in which it has both adaptive and maladaptive functioning for development (Crocetti et 

al., 2008; Crocetti, Schwartz, Fermani, & Meeus, 2010).  The problematic item may 

contaminate the “true” association between in-depth exploration and psychological and 

social development.  In other words, the twofold meaning of in-depth exploration may be 

an artifact that is masked by the operationalization of this construct.  Identity formation 

research would benefit from revisiting the predictive power of in-depth exploration 

specified in the current study on a variety of psychological and social outcomes.   

In addition, this study extends prior research by establishing the link between 

identity and achievement-related behaviors and emphasizing the importance of the 

multidimensional nature of student engagement in engineering education research.  More 

importantly, the results provide new and important support to identity formation theories 

stating that a clear sense of identity (synthesis) contributes to psychosocial development 

in general and student adjustment in particular (Erikson, 1968; Luyckx et al., 2007).  

These findings also suggest that interventions targeting promoting engineering student 
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active engagement and actual persistence should enhance their commitment in learning 

engineering. 

Limitations and Directions for Future Research 

I acknowledge that the present research has certain limitations.  First, there was a 

rather high percentage of male participants in this study and relatively small group size 

by ethnicity, which precluded me to examine the measurement invariance by gender and 

ethnicity.  Although measurement invariance of U-MICS by gender has been observed in 

multiple countries, it has not been systematically examined in engineering 

undergraduates.  Similarly, ethnic invariance of U-MICS has not been examined either.  

Indeed, psychometric properties of U-MICS have been largely tested in nations where 

ethnic distribution is not as diverse as the U.S.  To address this limitation, it would be 

fruitful for future research to examine measurement invariance of the U-MICS across 

gender and ethnicity.  Second, the sample exclusively focused on engineering 

undergraduate students.  Future work may consider replicating the current work for 

undergraduates in the fields of science, technology, and mathematics.  Third, given that 

participants in the current study were recruited from one Tier-1 public research 

institution, the environment they were exposed to is somewhat homogenous, implying 

that generalizability of the findings might be limited.  Thus, it is important for future 

research to randomly select a sample that is nationally representative to examine the 

generalizability of the current results.  Fourth, the test-retest reliability of the scale was 

not examined in the present study due to data collection occurring once.  Fifth, although 

student engagement is an important predictor of student actual persistence in engineering, 

student engagement cannot be equalized to actual persistence in engineering.  In order to 
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support the significance of engineering identity for undergraduate student retention, it is 

important to empirically test the predictive power of engineering identity formation 

processes on actual persistence in engineering.  Sixth, student engagement has been 

conceptualized as a multidimensional construct including behavioral, cognitive and 

emotional engagement.  Exploring cognitive and emotional engagement in combination 

of behavioral engagement would enrich our understanding of student engagement in 

STEM.  Lastly, in the present cross-sectional study, the temporal ordering between 

identity formation processes and student engagement could not be decided.  In an 

additional analysis, an equivalent version of Model 2.3 using effort, course choice, and 

persistence to predict commitment, in-depth exploration, and reconsideration of 

commitment controlling for academic achievement and GPA were developed and 

examined. Results showed that (1) effort was positively related to commitment and in-

depth exploration, (2) course choice was positively related to commitment and in-depth 

exploration, whereas it was negatively related to reconsideration of commitment, and (3) 

persistence was negatively related to reconsideration of commitment.  Indeed, Erikson 

(1968) has emphasized that identity formation processes are a product of interplay 

between personal characteristics and the environment one is embedded in.  Therefore, a 

longitudinal replication would allow us to reach stronger conclusions regarding the 

directionality of identity formation processes and student engagement.   
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Appendix A 

Survey 

Part A  
Please answer the following demographic questions by choosing the option that best describes 
you or filling in the blanks. 
 
A1.  Sex 

1. Female 
2. Male 

 
A2.  What is your age? __________ 

 
A3.  Which of the following best describe your race (check all that apply)? 

1. Native Hawaiian or Other Pacific Islander  
2. Asian 
3. Black/African American 
4. Hispanic/Latino 
5. White/Caucasian 
6. American Indian or Alaska Native 

Other, specify___________________ 
 
A4.  What is your classification at UH? 

1. Freshman/first-year 
2. Sophomore  
3. Junior  
4. Senior 

Other, specify___________ 
 
A5.  Did you transfer to UH from another college? 

1. No 
2. Yes, I transferred here from a two-year college 
3. Yes, I transferred here from another four-year college 

 
A6.  What are your current cumulative credits? _________________ 
            Among those, how many credits are in engineering? ____________________ 
 
A7.  What is your current cumulative GPA? __________________ 
 
A8.  What is your major? 

1. Biomedical Engineering 
2. Chemical Engineering 
3. Civil Engineering 
4. Computer Engineering 
5. Electrical Engineering 
6. Industrial Engineering 
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7. Mechanical Engineering 
8. Petroleum Engineering 
9. Biotechnology 
10. Computer Engineering Technology 
11. Electrical Power Engineering Technology 
12. Mechanical Engineering Technology 
13. Other, specify___________ 

 
A9.  As of the start of the Fall 2018, which of the following best describes your UH major 
GPA (in engineering courses)? ________________________ 

a) 3.50 or higher 
b) 3.00 - 3.49 
c) 2.50 - 2.99 
d) 2.00 - 2.49 
e) 1.50 – 1.99 
f) 1.49 or lower 

 
A10.  What is your expected grade for this class? __________________ 

a) A or A+ 
b) A- 
c) B+ 
d) B 
e) B- 
f) C+ 
g) C 
h) D 

 
A11.  Are you the first person in your family to go to college? 

1. Yes 
2. No 

 
A12.  What is your SAT math score? _____________ 
         What is your SAT verbal score? ______________ 
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Part B 
This is part 2 of 8; overall it consists of 17 statements.  Please respond to each statement 
by rating how true each statement is about you. 
B1.  My education in engineering gives me a sense of security in life.   

1 2 3 4 5 
Completely 

untrue   
   Completely true 

B2.  I try to find out whether learning engineering would be good for me. 
1 2 3 4 5 

Completely 
untrue   

   Completely true 

B3.  My education in engineering allows me to remain true to my personal goals and 
values. 

1 2 3 4 5 
Completely 

untrue   
   Completely true 

B4.  I often think it would be better to study in a different major other than 
engineering.   

1 2 3 4 5 
Completely 

untrue   
   Completely true 

B5.  I make a lot of effort to keep finding out new things about my education in 
engineering.   

1 2 3 4 5 
Completely 

untrue   
   Completely true 

B6.  My education in engineering allows me to face the future with optimism.   
1 2 3 4 5 

Completely 
untrue   

   Completely true 

B7.  I often try to find out what other people think about my education in 
engineering. 

1 2 3 4 5 
Completely 

untrue   
   Completely true 

B8.  I often reflect on my education in engineering. 
1 2 3 4 5 

Completely 
untrue   

   Completely true 

B9.  My education in engineering makes me feel sure of myself.   
1 2 3 4 5 

Completely 
untrue   

   Completely true 

B10.  In fact, I’m looking for a different major other than engineering.   
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1 2 3 4 5 
Completely 

untrue   
   Completely true 

B11.  My education in engineering really suits me in life.   
1 2 3 4 5 

Completely 
untrue   

   Completely true 

B12.  I try to find out a lot about my education in engineering.   
1 2 3 4 5 

Completely 
untrue   

   Completely true 

 
B13.  I often talk with other people about my education in engineering.   

1 2 3 4 5 
Completely 

untrue   
   Completely true 

B14.  My education in engineering gives me security for the future.   
1 2 3 4 5 

Completely 
untrue   

   Completely true 

B15.  I often think that a different major would make my life more interesting.   
1 2 3 4 5 

Completely 
untrue   

   Completely true 

B16.  My education in engineering gives me self-confidence. 
1 2 3 4 5 

Completely 
untrue   

   Completely true 

B17.  I think about regularly whether engineering major suits me. 
1 2 3 4 5 

Completely 
untrue   

   Completely true 

 
Part C 
This is part 3 of 8; overall it consists of 5 statements.  Please rate how certain you agree 
with the following statements: 
C1.  I can master the content in the engineering-related courses I am taking this 
semester. 

1 2 3 4 5 6 
Completely 
uncertain 

    Completely 
certain 

C2.  I can master the content in even the most challenging engineering course.   
1 2 3 4 5 6 
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Completely 
uncertain 

    Completely 
certain 

 
 
 
C3.  I can do a good job on almost all my engineering coursework if I do not give up.   

1 2 3 4 5 6 
Completely 
uncertain 

    Completely 
certain 

C4.  I can learn the content taught in my engineering-related courses.   
1 2 3 4 5 6 

Completely 
uncertain 

    Completely 
certain 

C5.  I can earn a good grade in my engineering-related courses.   
1 2 3 4 5 6 

Completely 
uncertain 

    Completely 
certain 

 
Part D 
This is part 4 of 8; overall it consists of 20 statements.  Please select a response that best 
reflects the degree to which you agree with the following statements: 
D1.  I am really keen to learn a lot in engineering. 

1 2 3 4 5 
Strongly 
disagree 

   Strongly agree 

D2.  Learning engineering exhausts me. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

D3.  Engineering is important to me personally. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

D4.  I always look forward to my engineering classes. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

D5.  Please select “4” as your response for this statement. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

D6.  When I am working on an engineering problem, I sometimes do not notice time 
passing. 

1 2 3 4 5 
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Strongly 
disagree 

   Strongly agree 

 
 
 
D7.  Engineering is fun to me. 

1 2 3 4 5 
Strongly 
disagree 

   Strongly agree 

D8.  I would have to invest a lot of time to get good grades in my engineering 
courses. 

1 2 3 4 5 
Strongly 
disagree 

   Strongly agree 

D9.  Performing well in engineering is important to me. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

D10.  I simply like engineering.   
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

D11.  I will need good academic skills in engineering for my later life (training, 
studies, work). 

1 2 3 4 5 
Strongly 
disagree 

   Strongly agree 

D12.  Engineering is a real burden to me. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

 
D13.  Good grades in my engineering courses can be of great value to me later. 

1 2 3 4 5 
Strongly 
disagree 

   Strongly agree 

D14.  I enjoy puzzling over engineering problems. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

D15.  Engineering contents will help me in my life. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 
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D16.  I would have to sacrifice a lot of free time to be good at my engineering 
schoolwork. 

1 2 3 4 5 
Strongly 
disagree 

   Strongly agree 

 
 
D17.  When I deal with engineering, I get annoyed.   

1 2 3 4 5 
Strongly 
disagree 

   Strongly agree 

D18.  It is important to me personally to be good at engineering. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

D19.  Dealing with engineering drains a lot of my energy. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

D20.  I will often need engineering in my life.   
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

 
Part E 
This is part 5 of 8; overall it consists of 13 statements.  Please select a response that best 
reflects the degree to which you agree with the following statements: 
E1.  I look forward to taking more engineering courses in the future. 

1 2 3 4 5 
Strongly 
disagree 

   Strongly agree 

E2.  I do not put a lot of effort into finishing my engineering work. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

E3.  I often begin engineering assignments but give up before I am done. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

E4.  I put more effort into engineering classes than I do in my other classes. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

E5.  Please select “1” as your response for this statement. 
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1 2 3 4 5 
Strongly 
disagree 

   Strongly agree 

E6.  If I had a choice, I would take an engineering course rather than something 
else. 

1 2 3 4 5 
Strongly 
disagree 

   Strongly agree 

E7.  I will not take another engineering course unless it is required. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

E8.  I always put a lot of effort into doing my engineering work. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

E9.  I get distracted very easily when I am studying for engineering. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

E10.  I always work as hard as I can to finish my engineering assignments. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

E11.  I get started on doing my engineering work but often do not stick with it for 
very long. 

1 2 3 4 5 
Strongly 
disagree 

   Strongly agree 

E12.  Even if my engineering work is dull or boring, I keep at it until I am finished. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

E13.  I plan to avoid taking any course that involves engineering. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

 
Part F 
This is part 6 of 8; overall it consists of 5 statements.  The following questions pertain to 
feelings you may experience BEFORE studying.  Please indicate how you feel, typically, 
before you begin to study. 
F1.  When I look at the books I still have to read, I get anxious. 

1 2 3 4 5 
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Strongly 
disagree 

   Strongly agree 

F2.  I get so nervous that I don’t even want to begin to study. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

 
 
F3.  When I have to study I start to feel queasy. 

1 2 3 4 5 
Strongly 
disagree 

   Strongly agree 

F4.  I feel hopeless when I think about studying. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

F5.  My lack of confidence makes me exhausted before I even start. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

 
Part G 
This is part 7 of 8; overall it consists of 11 statements.  The following questions pertain to 
feelings you may experience DURING studying.  Please indicate how you feel, typically, 
during studying. 
G1.  I get tense and nervous while studying. 

1 2 3 4 5 
Strongly 
disagree 

   Strongly agree 

G2.  I worry whether I’m able to cope with all my work. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

G3.  The subject scares me since I don’t fully understand it. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

G4.  While studying I feel like distracting myself in order to reduce my anxiety. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

G5.  As time runs out my heart begins to race. 
1 2 3 4 5 
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Strongly 
disagree 

   Strongly agree 

G6.  Worry about not completing the material makes me sweat. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

 
 
 
G7.  I feel helpless. 

1 2 3 4 5 
Strongly 
disagree 

   Strongly agree 

G8.  I’m resigned to the fact that I don’t have the capacity to master this material. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

G9.  I feel so helpless that I can’t give my studies my full efforts. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

G10.  I wish I could quit because I can’t cope with it. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

G11.  My hopelessness undermines all my energy. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

 
Part H 
This is part 8 of 8; overall it consists of 6 statements.  The following questions pertain to 
feelings you may experience AFTER having studied.  Please indicate how you feel, 
typically, after having studied.   
H1.  When I can’t keep up with my studies it makes me fearful. 

1 2 3 4 5 
Strongly 
disagree 

   Strongly agree 

H2.  I worry whether I have properly understood the material. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

H3.  I feel resigned. 
1 2 3 4 5 
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Strongly 
disagree 

   Strongly agree 

H4.  After studying I’m resigned to the fact that I haven’t got the ability. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

 
 
 
H5.  I’m discouraged about the fact that I’ll never learn the material. 

1 2 3 4 5 
Strongly 
disagree 

   Strongly agree 

H6.  I worry because my abilities are not sufficient for my program of studies. 
1 2 3 4 5 

Strongly 
disagree 

   Strongly agree 

Thank you very much for your support!
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Appendix B 

Consent to Participate in Research 

Consent to Take Part in a Human Research Study 

Title of research study: Achievement motivation, identity formation, academic 
engagement, and achievement emotion in engineering undergraduates 
Investigator: Nan Li 

This study is part of dissertation that is conducted under the supervision of Weihua Fan, 
Ph.D.  from the Department of Psychological, Health & Learning Science at the 
University of Houston. 

Why am I being invited to take part in a research study? 
We invite you to take part in a research study because you 

• are currently enrolled in undergraduate program  

• are studying engineering majors  

• are 18 years of age or older 

What should I know about a research study? 
Someone will explain this research study to you. 
Whether or not you take part is up to you. 
You can choose not to take part. 
You can agree to take part and later change your mind. 
Your decision will not be held against you. 
You can ask all the questions you want before you decide, and can ask questions at 

any time during the study. 

Why is this research being done? 
This study aims to examine how achievement motivation and engineering identity 
influence academic engagement and achievement emotion in engineering undergraduates.  
This study is part of dissertation.   

How long will the research last? 
The estimated time of completing this survey is approximately 15-20 minutes. 

How many people will be studied?  
We expect to enroll about 400 people in this research study. 
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What happens if I say yes, I want to be in this research? 
The data will be collected in the academic year of 2018-2019.  You will be presented with a 
questionnaire related to your values, beliefs, and goals.  The expected completion time for the 
survey is approximately 15-20 minutes.  You will be surveyed only once.   

What happens if I do not want to be in this research? 
You can choose not to take part in the research and it will not be held against you.  
Choosing not to take part will involve no penalty or loss of benefit to which you are 
otherwise entitled. 
If you are a student, a decision to take part or not, or to withdraw from the research will 
have no effect on your grades or standing with the University of Houston.   

What happens if I say yes, but I change my mind later? 
You can leave the research at any time it will not be held against you. 
If you stop being in the research, already collected data will be removed from the study 
record.   

Is there any way being in this study could be bad for me? 
There are no foreseeable risks related to the procedures conducted as part of this study.  If 
you choose to take part and undergo a negative event you feel is related to the study, 
please inform your study team. 

Will I get anything for being in this study? 

After you complete the questionnaire, you will be entered into a 
random drawing to win one of ten $50 Target gift card. 

Will being in this study help me in any way? 
There are no known benefits to you from your taking part in this research.  Findings of 
this study may provide important evidence to develop interventions aiming to promote 
engineering undergraduates’ academic success and mental health. 

What happens to the information collected for the research? 
Your taking part in this project is anonymous, and information you provide cannot be 
linked to your identity.  We may publish the results of this research.  It may also be used 
for educational purposes or for professional presentations.  However, no individual 
subject will be identified.  Data will be retained on a computer file kept on a password-
protected external hard drive in a locked file cabinet in Dr.  Weihua Fan’ office at the 
Department of Psychological, Health, and Learning Science (Farish Hall, room 470) for a 
minimum of 5 years following completion of the study.  The principal investigator (i.e., 
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Nan Li) and his faculty sponsor (Dr.  Weihua Fan) have access to the data.  Data will not 
be banked for future use beyond the purpose described in this study. 
 

Who can I talk to? 
If you have questions, concerns, or complaints, or think the research has hurt you, you 
should talk to Nan Li at nli@uh.edu, or (662) 312-1019.  You may also contact Dr.  
Weihua Fan at wfan@central.uh.edu, or (713) 743-9824. 
This research has been reviewed and approved by the University of Houston Institutional 
Review Board (IRB).  You may also talk to them at (713) 743-9204 or 
cphs@central.uh.edu if: 

• Your questions, concerns, or complaints are not being answered by the research 
team. 

You cannot reach the research team. 
You want to talk to someone besides the research team. 
You have questions about your rights as a research subject. 
You want to get information or provide input about this research. 

 
 
 

 

mailto:nli@uh.edu
mailto:cphs@central.uh.edu
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Appendix C 

Recruitment Letter 

Dear Engineering Student,  
I would like to invite you to participate in my dissertation research entitled “Achievement 
motivation, identity formation, academic engagement, and achievement emotion in 
engineering undergraduates”.  The purpose of this study is to investigate how 
achievement motivation and engineering identity formation influence academic 
engagement and achievement emotion.  This study had been reviewed by the University 
of Houston Institutional Review Board. 
To be eligible to participate, you must be 18 years of age or older, currently enrolled as 
an undergraduate student majoring in engineering at the University of Houston.   
This is a one-time point study.  In other words, you will be surveyed once.  Total 
expected completion time for the survey is approximately 15-20 minutes.  If you choose 
to participate in the study, you will complete a questionnaire either in the classroom or 
online. 
After you complete the questionnaire, you will be entered into a random drawing to win 
one of ten $50 Target gift card.   
Please access the survey at the following web address: 
If you have questions about this study, please direct all contact to Nan Li at nli@uh.edu.  
Thank you for considering participating in this study! 
Sincerely, 
Nan Li, M.A. 
Doctoral Student, Measurement, Quantitative Methods, & Learning Sciences doctoral 
Program 
University of Houston
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Appendix D 

IRB 
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