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The Association betwedn gi neeri ng Studentsd6 Pamdcepti ons
Fundamental Engineering Skills:
A Comparison of Communit€ollege and University Students
Maria Stack Hankey
ABSTRACT

In this dissertation, the focugason the classroom climate of engineering students in the
context ofeithertheir community college or their fowyear university Previous research on the
classroom climate for STEM majors suggests that women and minorities may experience a
Achil |y dindithmeasseoom umwettominthis negative climate may in turn have an
i mpact on a studento6s s uc c elbespurposefthiestudywast enc e
to examine engineering studentsO perceptions
perceptions are related fitndamentaskills in engineering.

Datafrom a2009National Science Foundation sponsored profeatotype to
Production: Processes and Conditions fordparing the Engineer of 20362P) which contains
information from students in 31 foyear colleges and 15 pengineering community college
programswereexaminedAfter establishing measures for classroom climatefandamental
skills related to engineering through an exploratory factor anatgsisltsindicatedthat
university students had higher perceptions of their fundamental engineering skills as compared to
community college students. Community college engingesindentson the other hand
perceived their classroom climates as warmer than university engineering students.

In orderto explore differences in student perceptions by individual characteristics and by
institution, hierarchical linear modelingiLM) was usedResults indicated thaof both

community college and universigngineeringstudents, a warmer perception of classroom

climate was associated with a higher perception of fundamental engineerindg-skillse



community collegelatg there was ginificantbut low variationbetween schoolsuggestinghat
student level characteristics may explaiare of thevanation. At the individual levelthe
interaction terms fogende and race were significarihdicating that the association between
gende and perceptions of fundamental engineering skills depends orFtadée university
students, only gender was significant, with male students repbrghgr perceptions of their
fundamentaéngineering skills. Almost all of the engineering discigimesre significant, which
led to an additional HLM analysigith engineering program as theghestnestedunit. Results
from this model indicated that the highest percentage of variation in fundamental skills in

engineering was at the program level.
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Chapter 1. Introduction

In order to compete in the global economy, producing sufficient numbers of graduates
who are trained for science, technology, engineering, and mathsrf®&iiEM) careers has
become amducationbpriority in the United State€€ompared to their peers in other
Organisation for Economic GOperation and Development [OECB&ations, U.S. elementary
and secondary students lag behind in mathematics and science perfo@&G&e 2013. In
highereducaibn, the relative proportion of students majoring in STEM fields is declining
(Institute of Medicine, National Academy of Sciences, lational Academy of Engineering,
2007 U.S. Department of Education, 2Q1Although the US. continues to be a leader i
technologicalnnovation, in recent years it has faced growing competition internationally
primarily from the Asia/Pacific region (National Science Board, 2(26inestically, early half
of the economic growth in the U.S. is attiilbdi to STEM fieldsand wver thepast decade,
STEM-related jobs have grown three times &t &8 norSTEM jobs [angdon, McKittrick,
Beede, Khan, & Dom£011J). It is projected that STEM job openings will continue to grow
exponentiallyin the coming yearf_angdon et al., 2001; Vilorio, 2014); at the current rate,
economic projections suggest a need for approximately one million more STEM professionals in
the U.S. (Presidentés Council of Advisors on

Responding to this need for STEM sikers, numerous agencies have called for an
increase in the number and diversity of students pursuing STEM dégrgdsstitute of
Medicine,National Academy of Sciences, and National Academy of Engineering, 2007; The
White House, 2009)The U.S. Depament of Defense emphasized the importance of
diversifying the STEM workforce, identifying this as a national security ig§agqnal

Academy of Engineering & National Research Coyr€ilL?. In 2009, President Obama



| aunched t he 0 Edtiatvestdmeo vteo Ul rBn o s d tuedtermthen iac hi e v e m
mi ddl e to the top of t Mieersifypactkpatiomin STEMfeldsc e and
(The White House, 2009ara. 3. Althoughthis initiative isimportant the concermof

diversifying STEMfields isnot new.For example,n 1980, Congresauthorized appropriations

for the National Science Foundation (NSF), through the Scienc&exithologyEqual

Opportwnities Act, to support the participation of women and minorities in science and

engineering$. 568, 198).

While the proportion of women and minority students attending college is increasing,
these students do not complete STEM degrees at the same rate as their white male counterparts
(Anderson & Kim, 2006National Science Board, 2008; U.S. Bement of Education, 2011
Yoder, 20%). For all undergraduatethe rate of persistence for students in STEM fielddaut
50%, which is roughly the rate for n@TEM majors as wellChen, 2013; National Science
Board, 2008 However, forminority stucerts, namely African Americans and Hispanitte
likelihood of completing a STEM degreensichlower (Anderson & Kim, 2006National
Science Board, 2008as a result, there are fewer minority students graduating in STEM
programs relative to their progmmn in the undergraduagopulatiod 11% vs. 30% respectively
(Anderson & Kim, 2006; National Science Board, 20@milarly, although women currently
outnumber men in terms of undergraduate degree attainDavis(& Bauman, 2001 women
are less likelyo major in a STEM field and even when they do, they are less likely to obtain a
job in STEM Qiekman,Brown, Johnston, & Clark, 2018Vang & Degol, 2018

In the engineering area of STEMpmen and minorities are particularly
underrepresentgdeede eal., 2011; Yoder, 2004 A recent report byroder (2014) showed

that only 19.86 ofengineering bachelors degr ees ar eovaralavontkreate t o wom



awardednore than halfob a ¢ h e | o r Auwl etale 20LPdrecsrtaif disciplines of
engineeringthe ratio of men to women is even mtmesided; for example, only 120 of
computer engineering degrees eoaferredo women (Yoder, 204). On the other hangdome
disciplines, such as environmental engineering w4 women, are more balancéd.terms
of ethnicity, about 66% of engineering bachel
followed by AsianAmerican studentwith about 13% Yoder, 201%; Hispanic students make up
about10bofen gi neer i ng AfrecanAmelican studestmaledup 3.5% (Yoder,
2014).

Diversifying the field of engineering in terms of gender and race/ethnicity is important
for many reasongn the National Academy of Engineertng r eport on the futur
education, the aut huaes ofengikeermgi$ baskdan a debpadservidit h e
of talented people. In the United States this wellspring has been nourished principally by
drawingfromawhie mal e pbobpwlatirondor the engineers of
aspire to an engingag profession that will effectively recruit, nurture, and welcome
underrepr esent e dNatgpnabAcguemy of Engineering004apy.loB 0
Pragmatically, as the U.S. population continues to become more racially diversan with
estimated 5% of the population irR0&0 projected to be minoritigd).S. Census Burea2012),
currently underrepresented groups will be needed for engineerin@gjand this, though,
racial and gendativersityallows for more perspectives when solving problewtsch could
lead to more innovative solutionsi¢ever, van Knippenberg, van Ginkel, & Barkema, 2012)
Studies outside of the engineering field have shown that heteragetezons can have positive
effects on creativity, satisfaction, and teamember welbeng (Stahl, Makela, Zander, &

Maznevski, 201)) In higher education, structural diversity has demonstrated positive outcomes



for studentsin terms of their seltoncepts, both academically and soci@igscarella &
Terenzini, 200k
Researchers haweiggested a variety of reasons underrepresented groups iddialy
choose engineering majors or persist in completing an engineering (egr&dickenstaft,
2005 Hill, Corbett,& St.Rose, 2010May & Chubin, 2003 In high schoalfemale students
tend to graduatkaving takerfewer Advanced Placement (AP) STEMams such as calculus
and physicgThe College Bard,2009; female students who do take AP exams in these subjects
tend to score loweghan malegThe College Board, 2009iederle & Vestdund 2010, giving
male students a head start in terms of college credit when entering caltegagh females
tend to choose engineering majors at a mMoaker rate than male studeétd3% versus 28%
respectively(NSF, 20099 of the female students who @nter college asngineeringnajors,
they tend to be equally prepared, having taken and earned similar grades in the prerequisite math
and science courseldifang, Taddese, Walter, & Pera00. Although academically capable,
many female students leavegineering majors early in their college care®&igkenstaff, 2005
Brainard, & Carlin, 199¥ One possible explanation for this is the lack of female engineering
role modelsn general, and in particular taie universitylevel (Blickenstaff 2005; Yode, 2014).
Of all engneering faculty members in the 202814 school yeaB5% were male and5% were
female (Yoder,204) , which could influence female stude
(SonnertFox, & Adkins, 2007). Another possible expédion for Emaleattrition rates is the
classroom climatéhat somdemale studentkeel is less welcoming for the(danz & Pyke,
2000; Morris & Daniel, 2008; Pascarella et al., 198andler, Silverbergk Hall, 1996 Whitt,
Edison, Pascarella, Nora, & Terenzini9®) t he i dea of a #dighillyo cl

explored further in Chapterdf this dissertation



Minority students, particularldispanic andAfrican American student$aceadditional
challenges when pursuing engineering degrees. In high schoaa#imerican and Hispanic
studentgend to perform lower than white and Asian American students in the foundational
engineering courses of math and sciemti# ét al., 2010;May & Chubin, 2003). Hispanic and
African American students alsake fewer advwaced math and science courses as compared to
white ard Asian American students (Hill et al., 2010; May & Chubin, 2003; Taningco, Mathew,
& Pachon, 2008), making it more difficult to successfully complete an engineering degree in
college (Hill et al., 2010)Additionally, smilar to female students, racial and ethnic minority
students do not have many engineering role models in the media or at the urlerseiiyiay
& Chubin, 2003; Yoder, 209. In 2013, African Americans made up 2bof engineering
university tenure and tenwteack faculty members while Hisp&s comprised 3% (Yoder,

2014). African American and Hispanic students who do begin an engineering degree may
perform poorly on exams simply because of stereotype threat, or a fear of confar@mg t
existing stereotype (Steele, 199this concepis described in more detail in Chapter 2 of this
dissertation as it serves aconceptuaframework for the study

Although there have been many efforts to increase the proportion of underrepresented
groups in engineering(g.Felder, Brent, & Prince, 201The White House, 200%,elamarthi,

& Mawasha 2008, these students continue tol#apped potential fagngineering workforce
needsThis underrepresentation is occurring at a time when the nyagdrgrowth in U.S.

college enrollment isxpectedo come from minority studesattending community collegea
focus of this dissertatiorn the fall of 2011 over 45% of all undergraduates were enrolled in a
public, twoyear community college (KnapKelly-Reid, & Ginder, 2012)Among all

undergraduates, community colleges enroll 41% of first time freshB@én of Hispanic



undergraduates arti®% of African American undergraduaié@snerican Association of
Community Colleges [AACC], 201; of the studats enrolled in community colleges, 57% are
women (AACC, 201B). In engineering, community collegransfer students comprise an
estimated 12% and 1786 the engineering a c h edegoeesrderredTerenzini, Lattuca, Ro,
& Knight, 2014. In his 2015Stae of the Union addresByesidenBarackObama emphasized
his support of community colleges by introducing a plan for free tuition at community colleges,
iso that two years of coll ege becomes as free
(TheWhite House 2015).

Community colleges may providerealistic pathway founderrepresentestudentgo
earn arengineeringlegreehowever there are challenges with this pipeline as wdkitis &
Sislin, 2005Packard, Gagnon, & Senas 2QJ&rticulation agreements, which allow for
simplified transfers between community colleges and-j@ar institutions, argn some cases
weak, omon-binding and therefore legdfective Mattis & Sislin, 200%. Community college
students may also lack the math backgbneeddfor successful transfer to a feyear
engineering program, and may not be able to find courses at the community college that will
allow them to reach the level of proficiencyneed@d (mi t r i u & Q@&lGhgwithor , 200
the lack of preparatig many community college students are {bane and/or are working while
taking classes (AACC,20bp, maki ng the time to complete an
two years, and subsequently maki Afghsot20® bachel
Hoachlander, Sikora, Horn, & Carroll, 2003
Problem of the Study

Currently, there is a need for more STEM majors, and in particular engineering majors, in

order to meet projected workforce needs (PCAZILD. Diversifying the field of engineering,



in terms of gender and race/ethnicitypme way to meet this need, as well as prowidee
perspectives in the fiel#Vhile the proportion of women and minority students attending college
is increasing, these students do not tend to choose or persiginee&ing majors at the same
rate as white male studentsnderson & Kim, 2006; National Science Board, 2008; U.S.
Departmenbf Education, 2011; Yoder, 281 Given that commuity colleges are comprised of
57% female students, 14% African Americans, 2t HispanicYAACC, 201%), these
institutions may provide an importgpathway for underrepresented groups in engineering.
However, esearch in the area of community colleggineering programs is limitetganan,
Jackson& Darrow, 20100gilvie, 2014)
Purpose of the Study and Research Questions
In this dissertation, the focugason the classroom climate of engineering students in the
context ofeithertheir community colleger their fouryearuniversity. Previous research on the
classroom climatéor STEM majors suggests that women and minoritiay experience a
Aichi |l | yandfihd thealaseraom unwelcomindall & Sandler, 1982Janz & Pyke, 2000;
Morris & Daniel, 2008; Pascarella et al., 199andeér et al, 1996 Whitt et al., 1999 this
negative climatenayi n t urn have an | mpact @inatainisgtaudent 0 :
degreeAs such, it is important to study what occurs at the classroomitegegineeringn
terms of how women and minority students are tredtled.purpse of this studwasto examine
engineering studentsoO6 perceptions of their cl
related tdfundamentaskills in engineering. The studyasguided by the following research
guestions:
la. What arecommunitycdlegee ngi neer i ng s safttierpldssadomper cep

climate and fundamental engineering skills



1b. What areuniversitye ngi neering studentsoclimate cepti on
and fundamental engineering skKills
lc. How do community collegeengneer i ng studentsd percept.i
climate and fundamental engineering skills compare to addfer from university
engineeringt udent sé6 perceptions?
2a Howaecommunityc ol | ege engineering studentso pe
ergineering skillgelated to their perceptisof classroonctlimate?
i. Do these perceptions vary theindividual characteristicsf gender or
race/ethnicity?
ii. Do thesegoerceptions vary by institutién
2b. Howareuni ver si ty engi ne epfitheigundamentdle nt sé6 per
engineering skillselated to their perceptisof classroontlimate?
i. Do these perceptions vary theindividual characteristicef gender or
race/ethnicity?
ii. Do these perceptions vary mstitutior?
Overview of Methodology
To address these research questidata from a National Science Foundation sponsored
project,Prototype to Production: Processes and Conditions fepRBring the Engineer of 2020
(P2P)wereexamined These datawerecollectedin 2009from a nationally epresentative sample
of engireering undergraduateslumni, faculty, program chairs, and associate dzans31
four-year colleges and universities and fraBpre-engineeringcommunity college programs

The purpose of the original study was to examimectirricular and caurricular experiences of



engineering students in order to understéistldents were gaining the knowledge and skills
needed for success in the workforce, as identified by the National Academy of Engineering

In the current studysurvey data from engineering undergraduates at-fear colleges
and universities and from pengineering undergraduates at community collegggused.In
addition to demographic information, the items related teragidfundamentaskills in
engineeing and perceptions of classro@tiimatewereanalyzed. Thessurvey instrumentgere
developed byngineering and education researchiersugh a two year process which included
literature reviews on the topic, individual interviews, focus groups, aatlitpgting of the
instrumens.

In order to answer the first research question, measures of classroom climate and
fundamental skills in engineering were established through the use of exploratory factor analysis
(EFA). An EFA a data reduction techniqueedsto identify latent variable8¢own, 2006;
Rencher, 2002 wasconductedn both the community college and university students surveys
in order todefinethe latent constructsn the instrumentfRkesulting scaleffom these EFAs were
thenused in thénierarchical linear modeling (HLM) analysé&ecause there were slight
differences in the wording of the items on the community college and university student
instruments, in order to compare the results between the groups, it was necessary to linearly
equae the scores on the two instrumendslén & Brennan, 2014). After equating the scores
from each instrument, the results were compared descriptiv@lgnswer the second research
guestion, HLMwasused in order to explore differences in student percepbgmstitutionand
how these perceptiomsay influence theifundamentaskills in engineeringHLM was chosen
because fathe interest in institutionalifferences in addition to indidual differences

(Raudenbuski Bryk, 2002.



Organization of Dissertdion

This dissertation is organized around five chaptehapter lintroducel therelevance of
thetopic, the purpose and research questions for the study, andwgawerview of the
methodologyChapter 4s a review of the literature on the topicgluding three main topic areas
(1) Classroom Climate in Higher Education, (2) Community CollegeERggneering Students,
and (3) Background Characteristics of Engineering Stud€hegpter 2 also includes a
description of theonceptuaframeworks that quport thestudy. Chapter 3 describes the
methodology, includinghe analytic approachdemographic information for the sampées well
as initial descriptive statistic€hapter 4ncludes the results of the stugdgrganized by research
guestion In the fnal chapteof thedissertationChapter 5, thdiscussionconclusionsand

implicationsarepresente@long with areas fduture research.
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Chapter 2: Literature Review

In this dissertation, the focwgas on the classroom climate of engineeringdents in the
context ofeithertheircommunity college or thefour-yearuniversity The purpose of this study
wast o examine engineering studentsoO perception:
perceptions are related fiundamentagkills in engneering.Chapter 2 beings with a description
of theconceptuaframework that informs this study followed by a review of relevant literature.
The review of literature is organized around three main topic areaStadgroom Climate in
Higher Education(2) Community Collegé€’reEngineering Students, and @ackground
Characteristics of Engineering Students.
Conceptual Framework

The conceptuaframework for this studwas informed primarily by two frameworks: (1)
Steel e and Acomepbfcerddtypethred@ &8 @)er enzi ni and Reaso
conceptual framework for studying student learning and persistence in coltegher, these
frameworks suppoedt he st udy both conceptually and meth
(1995) ndion of stereotype threat served a foundation to explore the relationship between
classroom climate and student ratinguwfdamentaskills in engineering, the focus of this study.
Terenzini and Reas on 0 ssupparédthé methodologel egpnderasal f r am
regarding predictive and control variables to include in the statistical models.
Stereotype Threat

Steele and Aronson (1995) first defined st
as selcharacteristic, a negative stereotype almonte 6 s gr ou p @eondewas 797 ) . Thi
supported by a series of studies in which black and white students were given standardized test

guestions from the Graduate Record Exam (GRE). Prior to starting the tests, students were
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divided into three groups. Omeoup was told that the purpose of the test was a diagnostic
measure of their intellectual ability, thus establishing a threat for black participants who were at
risk for fulfilling a racial stereotype about intellectual ability. Another group was teltett

was a problensolving task that was nesiagnostic, and a third group was told to view the

difficult test as a challenge. When prompted that the test was a diagnostic measure of intellectual
ability, i.e. the stereotype threat condition, black stislpreformed significantly lower than

white students. Under the other two conditions, i.e. thester@otype threat conditions, there

were no significant differences between black and white students.

Steele (1997) furtherdus workby describing how dmain identification compounds the
effects of stereotype threat. In order for students to maintain success in school, they must first be
positively identified with academics, such that it is part of his or her personal iéeatitgncept
known as domain idsification. Certain students, such as miaigntified women, may have
already overcome societal obstacles in order to achieve identificatioa ddinain. As Steele
explains,

Negative stereotypes about women and African Americans bear on importamhigcade

abilities. Thus, for members of these groups who are identified with domain in which

these stereotypes apply, the threat of these stereotypes can be sharply felt and, in several

ways, hampers their achievemgi©97,p. 614).

As described earlier, & threat occurs during a domain performance, such as a standardized test,
stereotype threat could directly interfere with performance. If this threat becomes chronic, a
student could be pressured into disidentification, or removing the domain fromhieis sl

identity. In other words, a maitdentified female student, who continually faces a roaiented
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math environment, may eventually remove math from her domain identification and choose
another area of study.

To mitigate the effects of stergpe threat, Steele (1997) provided several suggestions
for college classroom getgs. For one, he suggestettacherstudent relationship in which
teachers use their authoritygositivelya f f i rm t he student 6sthapot enti a
teacherprovideall students with challenging assignmemnéther than remedial onesghich
reinforce to the student that he or she has potential and is not viewed through a stereotypical lens.
Steele also suggested that instructargphasizehe fiexpandability ofntelligenced meaning that
there is no fixed intelligendatrinsict o oneds gr ore@mmendethat!| vy, Steel e
instructors value multiple perspectives in the classroom®rms ofboth academic substance and
culture(Steele, 1997).

Thenotionof stereotype threat was predicated by several important studies, supporting
similar concepts. For example, in their study on 1Q tests, Katz, Epps, and Axelson (1964) found
that black students performed better when they were told their scores would onhypgzeexb to
other black students as opposed to white students. Similarly, Katz, Roberts, and Robinson (1965)
found that black participants performed better on IQ tests when they were told the test measured
handeye coordination, rather than intelligence. 3éstudies, however, were both conducted in
the 19600s, a tumultuous decade for race rela
Lord and Saenz (1985) found that having fAtoke
a homogenous groupan lead to deficits in cognitive functioning and memory. For stereotype
threat to have an effect, a student does not
in which minority groups are underrsausandent ed

stereotype threat.
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Terenzini and Reasonb6és Conceptual Framewor k
Terenzini and Reasondés (2005) comgangt ual f
persistence in college was developed for students in their first year of college, but has been
adapted for use in researching the effects of college through®utas dent 6 s experi enc
college.This framework is informed bgrevious research and theories on college impact,
includingAstin (1985,1993),Tinto (1975, 1993 Pascarell§1985) and Beger and Milem
(2000) While these college impact models were useful in understanding several areas affecting
student outcomeso6 in college, Terenzini and R
narrow, and offered a more comprehensive conceptarabwork for studying student
outcomes.
Terenzi ni an dfralrResvarkssbawid is Figur2 BnGedrgtes four sets of
constructs thought to influence student outcomes: (1) student precollege characteristics and
experiences, (2) the organizatioosahtext, (3) the student peer environment, and (4) the
individual student experience (Terenzini & Reason, 2003e first construct, Terenzini and
Reason assert that students enter college with a range of characteristics and experiences,
including varyng sociodemographic traits (e.g. gender, race/ethnaniiypr family income),
academic preparation aperformance (e.g. the quality of their high school curriculum),
personal and social experiences (8golvement in their communities), and theirgbsitions
(e.g. motivation). These precoll ege characteristics and e
with their environment, and peers and faculty in that environment, in college.
In the next construdt the organizational contextTerenzini and Resndescribe the
organizational characteristics and cultures that sts@gcbunter at an institution. In their

conceptual framework, the organizational context is divided into three categories: (1) internal
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structures, policies, and practices, (2) academdco-curricularprogram policies and practices,

and (3) the faculty culture. Internal structures, policies, and practices can include management
style,staff support available for various uniggd/orthe nature of collaboration among faculty
membersand students. Examples of academic ardwacular program policies and practices

include a common general education curriculum, lisegyning communities, servidearning

courses, and a new student orientation program. Faculty culture, as delsgrierdnzini and
Reason (2005), Aconsists of the dominant phil

significant number of) faculty memissubscribe, as well as their perceptions of their roles and

what it means to beoplOhaculty at O6thisbd insti
The third construct in the conceptual fram
instituton.Ter enzini and Reason point out that peer

individual interaction with other students or with students in higopeer group. Rather, the
peer environment encompasses the dominant beliefs and values that characterizes the whole
student body at the i nsdtihtan inebesnard&d ar(e Amor
Reason2005,p.11). The last construct, individal st udent experiences, |
curricular (e.g. choice of major, coursework), classroom (e.g. typedzfgogiegexposed to,
faculty feedback), and owitf-class experiencde.g. living arrangements, involvement in co
curricular activities, fenily support)
Together, this conceptual framework Adis 1in
and some of the possible causal mechanisms that influence the kinds of experiences [students]
have on a campus and thiteendant educational outcorné$erenzini & Reason, 2005, p.13).

The framework does not specify the educational outcomes in particular, but rather is intended to
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be flexible for use many college student outcomes, such as student learning, development,

change, and persistence.

Student
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& Experiences
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. Development

* Change
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Figurel.Ter enzi ni

Classroom Climate in Higher Education

a n dcorReptaad framewsrtk ( 2 0 0 5)

At every level of education, the classroom is an important learning environment for

students and thus an important area of studyc&mmunity college students in particular, who

typically attendcommuter campusethe classroom serves as one of the primary settings in

whichtheyinteractwith faculty and with other students. For all students in higher education,

positive, validating xperiences insideas well as outsidéhe classroom can lead to student

engagemenrdnd ultimatelypersistence to a degré@ascarella & Terenzini, 2003 this study,

classroom climate refers to how students, primarily women and minority studentsased tn

the classroom by their instructors and peers.
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At colleges and universities, some women and minorities have described the academic
and social climate as isolating and exclusionarg.Hall & Sandler, 1982; Hall & Sandler,
1984;Janz & Pyke, 200, Morris & Daniel, 2008; Pascarella et al., 1997; Weiital.,1999. For
women in particular, Hall and Sandler publ i sh
that women face subtly and overtly in the university classroom. As Hall and Sar@8gaj point
out, fAa chilling classroom climate puts women
di sadvantageo (p. 3) by possibly discouraging
from seeking help outside of class, or causing students to drop @uavoid certain classes.

Some of the overt ways that women and men are treated differently in university classrooms
include: devaluing a woman6s accomplishments
disparaging comments about women by questionergseriousness and academic commitment;
making sexist jokes; diverting discussion of
physical appearance; referringtomadeé men o and f emal es as fAgirl so
scholarship and research about veontHall & Sandler, 1982).

More subtle ways that women and men are treated differently in the classroom include:
making eye contact with men more often than women; nodding and gesturing more often to
affirm mends questi ons &nmenthanwaonen; interfupticgal | i1 n g
women students more often; and asking women students questions that require lower order
thinking, such as factual questions, while asking men questions that require higher order thinking
skills. For minority women, these g@tive classroom experiences may be exacerbated as they
face stereotypes based on their gender and race. Minority students reported similar subtle and

overt behaviors by faculty mentioned earlier, such as faculty: ignoring; interrupting; avoiding
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eye contat; offering little guidance; and attributing their success to luck or other factors rather
than ability (Hall & Sandler, 1982).

In a follow-up report, Hall ad Sandler (1984) expand thefhilly climate concept to
include the campus climate, defined @i®ractions with other students and staff outside of class,
students6 experiences with support services s
leadership. Again, they report that women experience a chilly climate at universities; for
example, ircareer counseling, marriage and family are viewed as negatives for women, whereas
for men, they are seen as a symbol of maturit

notso-hidden message women too often receive from faculty, staff and fefilments is that

they are not on the same | evel as their male
messages seem so O6normal , 6 they may be al most
receive )hemo (p. 3

Since Hall a al epordia 1082| tleerpromortian of wonien attending college

has remained above 50% (approximately 52% in 1982 and 57% currently); however, many

studies continue to support the notion of a chilly classroom climate for women and minorities at
universities Janz & Pyke, 2000; Morris & Daniel, 200Bascarella et al., 1997; Whitt et,al.

1999) . Pascarella et al. (1997) studied femal
this might affect their cognitive outcomes in the first year of college. @earchers used the

Perceived Chilly Climate for Women Scale (PCCWS), which included eight iskaté items,

to measure the st ucdhreeingitations participated in tleerswsvey, Twent y
including 18 fouryear institutions and five twgearinstitutions. At both fouyear and tweyear

institutions, the perception of a chilly climate was negatively associated witepelted gains

in academic preparation for a career. Atdyaar institutions, a perception of a chilly climate
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was also nedavely associated with cognitive development at the end of the first year (Pascarella
et al., 1997).

Whitt et al. (1999) conducted afollewp st udy t o Pascarell a et

o)

order to determine the association between a chilly climate andwonse cogni ti ve gr o
during the second year of college; in this study, the same sample of women were surveyed.
Results indicated that for the twear college students, perceptions of a chilly climate were
associated negatively with three cognitive outcemeheir second year: selported gains in
writing and thinking skills, understanding science, and understanding the arts and humanities.
For the fouryear students, perceptions of a chilly climate were associated negatively with those
three cognitiveoutcomes, as well as, academic preparation for a career (Whitt et al., 1999). The
researchers suggest that a possible explanation for the differences found betweenahe two
four-year students were due to the PCCWS instrument. The PCCWS emphasizieckiiee c
issues in the classroom setting, rather than the rest of campugeawoollege students may
associate climate more so with the classroom as this is their primary college experience (Whitt et
al., 1999).

Believing that existing measures of a ghdlimate needed improvement, Janz and Pyke
(2000) developed a new instrument called the Perceived Chilly Climate Scale (PCCS). After
pilot testing and item analysis, the final PCCS instrument consisted of 28-&dedetitems
measuring four constructét) climate students hear about, (2) sexist attitudes and treatment, (3)
climate students experience personally, (4) classroom climate/course material, and (5) safety.
Distributing the PCCS to 488 undergraduates, results indicated that women, students who
identified as minorities, and students who identified as feminists perceived the climate as

significantly Achilliero (Janz & Pyke, 2000) .
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Using the PCCS instrument developed by Janz and Pyke (2000), Morris and Daniel
(2008) examined the chilly climategeptions of students in traditionally femdieminated
majors, such as nursing and education, and compared them to students in traditionally male
dominated majors, such as information technology and engineering. A total of 403 students
attending one comumity college responded to the PCCS survey. After analyzing the data
through canonical correlation, the researchers found that women perceived a chillier climate than
men, noAwhite students perceived a chillier climate than white students, and yourdgmtstu
perceived a chillier climate than older students. Furthermore, students in traditionally female
dominated majors perceived a chillier climate than students in traditionallydmamated
majors. Morris and Daniel (2008) attributed the last findongdssible personality differences
between students that lead to a certain choice of major.

Al t hough many studies since Hall and SandI
chilly classroom climate, some research supports contradictory findings (ady. 8 Eisler,
1999; Constantinople, Cornelius, & Gray, 1988; Crawford & MacLeod, 1990; Drew & Work,
1998; Salter, 2003; Serex & Townsend, 1999). For example, Constantinople et al. (1988) and
Crawford and MacLeod (1990) found no significant differences@anl e and f emal e st 1
perceptions of classroom climate, both studies suggesting that other factors, such as class size,
were more important in determining student participation. Furtherr8ateer(2003) explored
the interaction between learning styelucational climate, and gender. Results indicated that
perceptions of classroom experiences were associated with the interaction of these variables
rather than solely with gender (Salter, 2003).

Serex and Townsend (1999)ofcassaamiclimatdinfeurudent

different majors, including accounting, education, engineering, and nursing. Findings revealed
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no significant differences in male and female
Education and nursing students, howevet perceive their classrooms as warmer than

accounting and engineering students (Serex & Townsend, 1999). Analyzing a large dataset (n =
15,960) of student responses on@wadlege Student Experiences Questionndmew and Work

(1998) concluded thatferhee st udents did not experience a ¢
fact that such a climate does not exist exten

Allan and Madden (2006) sought to explore these discrepancies in findings over the
existence of a chil climate for women; more specifically, they were interested in whether the
methodology used in studies of classroom climate yield different results. Employing both
gualitative and quantitative methods, the researchers collected data from female juhiors an
seniors in six fields of study at a research university. Results indicated that methodology and
interpretation of findings might lead to different conclusions regarding classroom climate. For
example, from their quantitative frequency analysis, theyddbat 25% of female students at
that university experienced chilly classroom climates; however, using the mean values derived
from scales measuring aspects of classroom climate, they found that a chilly classroom climate
was rare at that university. Inpeeting the qualitative data from focus groups and apeted
survey questions, on the other hand, indicated that chilly classroom climates were common and
that the magnitude of the problem was large (Allan & Madden, 2006).

Explaining the discrepancy ind findings, Allan and Madden (2006) suggest that a
researcherds conceptual framework may | ead to
different decisions during analysis. In their study, the researchers acknowledge that they had to
make a desion about what constituted a chilly climate score, which in their study was any

student who chose a response other than fArare

21



guantitative results, a majority of students did not experience a chilly clintateybr, as they
point out a troubling 25% of the students still experienced a chilly classroom climate. They
further caution that in studies of classroom climate, participants may not question established
gender norms i n soci eofcyitical consgogsaesdrelatedto gehdert t hi s
norms and sex inequality creates a dilemma in drawing conclusions from data analyzed via
surveys or focus group discussionso (p. 703).
Classroom Climate iEngineering

Engineering classrooms are often chanmote as malmormed and competitive, in some
cases so much so that they are sedmwasdouto systemgSeymour & Hewitt, 1997)A
traditionalintroductoryengineering class at a research universitikely to be large and lecture
based, which some steidts may not respond well to (Terenzini, Cabrera, Colbeck, Parente, &
Bjorklund, 2001) For some students, this type of environment may feel unwelcoming, leading
them not to choose engineering initially or not persist once they start (Morris & Daniel, 2008
Serex & Townsend 1999; Seymour & Hewitt, 1997). As noted earlier, Morris and Daniel (2008)
found that in their study on the classroom climate of community college students, women and
nonwhite students experienced a chilly classroom climate in-d@i@nated majors, including
engineering and information technology. While Serex and Townsend (1999) did not find any
gender differences in their study, they did find that students in engineering and accounting
perceived their classrooms as chillier than stusleneéducation and nursing.

Vogt, Hocevar, and Hagedorn (2007) investigated factors, such as discrimination, which
may influence a female studentds performance
female students from four large, ttpr research universities on several dimensions related to

performance. Nine items measuring perceived discrimination were included on the survey; the
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items were generally related {@&) male peers treating females as equ@smale
reseach/teaching assisteproducindgeelings of inferiority;(3) studenthavingmore
discouragement in interactions with their maitefessors; (4) professs treating all students
equally, (5) studentsnade to feeinferior by male professors; (6) studefeaslinguncomfortabé
asking male faculty about coursework; (7) médagsingan advantage; (§rofessorsnaking

less time outside of clagsr femaleghan for male peers; and (®gle facultyseeming
supportive of female students in the engineering prograsults indicate that females reported
higher discrimination than males, as the researchers predicted. Specifically, female students felt
that their male peers did not respect them as equals and that males had an advantage in
engineering. Although they reported greatergeived discrimination, this did not affect the

f emal e s t-aifidaeyr(Mogt ét al.s 2007}.

In order to improve attitudes about diversity in engineering classrooms, Bennett and
Sekaquaptewa (2014) developed and tested an egalitarian sociahmessage that was orally
presented to students at the beginning of the semester. At the end of the semester, both students
who received this egalitarian social norms message and those who did not were invited to
respond to a survey about diversity in enghirigg classrooms. Compared to males in the control
condition, males who received the egalitarian message had more positive attitudes regarding
diversity in engineering and were more likely to speak out against racist behaviors in class and in
the working goups. The researchers suggest that setting an egalitarian tone at the beginning of
engineering studentso6 coll ege careers coul d i
(Bennett & Sekaquaptewa, 2014).

Walton, Logel, Peach, Spencer, and Zanna (2aiEp) attempted to improve the climate

for women in engineering classrooms by testing two brief interventions in a randemized
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controlled trial. Participants in the study included three successive cohorts of freshman
engineering students at a selective ursitg. One intervention, the sociaélonging
intervention, emphasized that both men and women worry about their social belonging at first in
engineering, but eventually feel welcome. This intervention provided students with a
nonthreatening narrative toterpret occurrences of adversity. The other intervention group, the
affirmation-training intervention, emphasized how upperclassmen in engineering learn to
incorporatebroaderaspects of their selfientity in their daily lives as a way to manage stress.
Results were compared for students who were in-chateinated engineering majors, defined as
being less than 20% female students, and getlisierse engineering majors, defined as being
more than 20% female. Findings indicated the most positive result®foen in male
dominated majors, who at first reported feeling more overwhelmed by daily adversities,
anticipated less success, and performed worse in class than males. For these women, both
interventions raised engineering GPAs over the course of thayedded them to view daily
adversities as more manageable and improved their academic attitudes (Walton et al., 2015).
Methodological Concerns with Studying Classroom Climate

In studying classroom climate, there are several important methodologies tesu
consider. Oftentimes in classroom studies, researchers are interested in whether some aspect of
the classroom, such as the teacher or the climate, contributes to a certain student outcome, such
as academic achievement or sahicept. In other word#ije researcher is interested in whether
characteristics at the group level, or leeh multilevel modeling terms, have an effect on the
individual level, or levell, beyond what can be explained by the individual characteristics of the
student alonenlmany of these studies, the classrdemel constructs are based on aggregated

studentlevel ratings of the classroom as these are easier to obtain than through classroom
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observation or other techniques. As such, in classroom climate studies, it ialespapbrtant

to consider the level of analysis, the reliability of aggregated student ratings, and centering
techniques (Ludtke, Robitzsch, Trautwein, & Kunter, 2009; Marsh et al., 2012; Morin, Marsh,
Nagengast, & Scalas, 2014).

As Ludtke et al. (20099uggest the first consideration in choosing the appropriate level of
analysis is conceptual and depends on the research question; that is, whether the researcher is
interested in the differences between students or between learning environments. If the
researcher is interested in differences between students, then the student ratings of the
environment might be correlated with different cognitive or behavioral outcomes of the
individual. In contrast, if the researcher is interested in the differencesdrelganing
environments, the individual student ratings are aggregated at the classroom level and used to
assessgroupevel constructs. I n this scenario, the
informants on their learning environment, in the senseultiple observers providing data on
one constructo (Ludtke et al . ,wasBrOgtboGplevelp. 122) .
differences.

After determining the appropriate level of analysis theoretically, the researchers should
then analyze thegychometric properties of the aggregated student ratings in order to determine
if these ratings are measuring the intended construct (Ludtke et al., 2009). Before aggregating
student perceptions of classroom climate at the class level, the researcheedsteratine if the
difference in student responses varies withinapssclasses; if so, the aggregation of the
variable is supported. One way of showing this is through the calculation of the intraclass

correlation (ICC) (Raudenbush & Bryk, 2002) detirees:




o

where(i s t he var i an c e?isthe vawame withio tlessEelGC isthed G
proportion of total variance that can be attributed to betwgeeunp differences, or an effect size
measure of the exterd tvhich individual ratings are affected by the learning environment.

Another consideration in multilevel modeling of classroom climate is the use of
centering techniques. These techniques are simple transformations of variables that affect the
substantre interpretation of results and computational issues, suciuléisollinearity. There
are three centering options: (1) natural or no centering, in which the raw score of the independent
variables are used, (2) group mean centering, in which the groupahtree independent
variable is subtracted from the raw score, and (3) grand mean centering, in which the grand mean
of the independent variable is subtracted from the raw score (Raudenbush & Bryk, 2002). Group
mean centering is often used in contextdi@ots modeling when the research focus is on
differentiating betweenand within group differences. Grand mean centering is used when the
research focus is comparing the adjusted means of the variables. In this dissertation, group mean
centeringwasusedin order to determine the effects of betweand within group differences in
climate on student perceptions of abilities.
Community College PreEngineering

Community colleges, which offertwpe ar t echni cal associ ateods
or transfer creditsgnroll approximately 46% of all U.S. undergraduates (AACC, BP16
2000, community colleges enrolled around 5,700,000 studentsuarghtly community colleges
enroll over8,000,000students, showing significant growtAACC, 201%). Since 2010
community colleges hawv&own a slight decline in enroliment, likely corresponding to the
improvement in the econompACC, 201%3). Of students enrolled inpommunity college, high

percentages afeom underrepresented grodps7% of all Hispanictsidents, 5% of all black
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students, and 41% of all leiwmcome studentsNACC, 201%; Knapp et al., 2012; Mullin, 2012).
Traditionally, public community colleges maintain an open enrollment admissions policy,
allowing for access to higher education for @ewariety of students, typically at a lower cost
than a traditional fouyear college or university (i.e. the average cost of one year of public
community college is$300, compared to $3Q at a fouryear public universityThe College
Board, 201}). Given that community colleges are comprised of 57% female students, 14%
African Americans, and 21% Hispanics (AACC, 2B} 3hese institutions may provide an
important pathway for underrepresented groups in enginedémieggneeringcurrently, it is
estimated that between ®2and 17%0f st udents who earn a bachelo
began theidegrees atommunity collegebefore transferring to a foyear institution
(Terenzini et al.2014).An even lager percerit approximately 40% of students wb earn a
bachel ordéds degree in engineering report atten
education AACC, 20149.
In a descriptive study, Terenzini et al. (2014) compared engineering students at
community colleges, students who transferreéd a fouryear engineering program, and
traditional fouryear engineering students. Using the same dataset as the one in this dissertation,
Terenzini et al. (2014) found several important differences among the groups, both in terms of
their background chiacteristics as well as their experiences in college. Compared to the
traditional fouryear students, community college and transfer students were more likely to be a
member of an underrepresented group (such as African American or Hispanic American) and
less likely to be women. They also found that, on average, community college and transfer
students were two years older than traditiona

degree in engineering would take five to six years longer thatidraalistudents. In terms of
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academic preparation in high school, community college studentepelted earning grades in
themfiBuso to fiBo range, transfermisnws@ntange,p
and traditional students reported higglt h 0 o | gr adiersud ; ttdh e AA range.
college, a majority of the community college students (78%) and over half of the transfer
students (56%) had to complete a lowearel math course before taking a collégeel calculus
course (Terenziret al., 2014).

In a longitudinal study of engineering transfer students, Sullivan et al. (2012) reported
characteristics and educational outcomes of transfer students comparedramsfar students.
For their analysis, Sullivan et al. (2012) usethdeom the Multiplelnstitution Database for
Investigating Engineering Longitudinal Development (MIDFIELD), a census of undergraduate
students attending 11 public institutions between 1988 and 2008. Results indicated that
engineering transfer students wenore likely to come from underrepresented minority groups
and less likely to be women. Furthermore, results indicated that on averagansier studest
outperform transfer students and aomderrepresented minority students outperform
underrepresentieminority students in terms of persistence and GPA. However, the researchers
found that underrepresented minority transfers, especially black transfer students, were more
likely to persist than netransfer underrepresented students and had a highezasignaduation
rate, indicating that the transfer pathway into engineering may be effective for these students.
Transfer women in the study preformed at the same level as men, but were outperformed by non
transfer women (Sullivan et al., 2012).

In a seres of qualitative studies, Brawner, Mobley, and Shealy, interviewed engineering
transfer students at MIDFIELD institutions. In one of these qualitative studies, Mobley, Shealy,

and Brawner (2012) focused on reasons students began their studies at asittilteyn and
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their subsequent experiences with the application and admission process at the MIDFIELD
institution. They found that students primarily began their studies at a different institution for
several reasons including: (1) participation in a diegree program with a MIDFIELD

institution, (2) scholarship restrictions, (3) financial advantages, and (4) students were initially
denied admission to the MIDFIELD institution. In terms of the application and admission
process, some of the institutiorsdhformal transfer agreements, making the transfer process
smooth for students; on the other hand, at institutions with no formal agreements, students

received little assistance. Once students transferred to the MIDFIELD institution, most described

experimci ng Aacademic culture shock, o feeling ov

the professorsodo expectations. To overcome t
with the academic side of transferring; students also reported joimergg srganizations and

finding employment on campus as a way to fit in with the student culture at the new institution
(Mobley, Shealy, & Brawner, 2012).

In a second qualitative study with students at four MIDFIELD institutions, Mobley and
Brawner (201Bexplored how engineering students obtained knowledge about transferring,
specifically through orientation and academic advising. Results of 38 interviews indicated that
personal motivation and resourcefulness, such as online research, were more inmmportant
learning about the transfer process than formal orientations and advising for this group of
students. However, the most successful transfer experiences occurred through a combination of
personal motivation and formal institutional programs (Mobley &Brer, 2013). Mobley,

Shealy, and Brawner (2013) continued their qualitative research on engineering transfer students,
interviewing 18 firstgeneration students at two institutions. Their results suggest using a

nuanced categorization of parental educatibien studying engineering transfer students. In
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their study, they used three categories for parental education: (1) low parental education,
meaning both parentsdo highest | evelévelof educat
parental education, meag both parents graduated high school and one or both attended college
and/ or received an associateds degrees, and (
earned a bachel or 6s degr e-+vebcategtry wvahimportaasithey f o
captured the experience of styeaelegesd whose pa
Zhang and Ozuna (2015) interviewed 21 engineering students atygeouniversity
who transferred from a community college; the primary focus of their studywilae st udent s o
experiences in community college prior to transferring. Findings indicated that faculty at
community coll ege were the most i mportant fac
interpersonal validation. Many participants were fgsheratio college students and had limited
knowledge of the range of engineering fields they might pursue. In addition, family, especially
parents, were an important support for students while attending community college. Students
also felt that they benefittedoim the learning environment in community college and that they
were prepared for subsequent engineering coursework at-gefauuniversity. Given the lower
cost of attendance at community colleges, students reported that attending community college
allowed them to explore various majors before committing to engineering (Zhang & Ozuna,
2015).
Background Characteristics ofEngineering Students
As supportedbffer enzini and Reasonb6és (2005) <conce|
student s&6 p emicsbackgaolnd eharacterssteccavdth which they enter college
influence several student learning outcomes while in college. In engineering specifically, a

number of demographic characteristics, such as gender arethacey(e.g.Murphy, Steele, &
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Gross 2007, Zastavker, Ong, & Pag2006, as well as academic preparation variables, such as
high school grade point average (GPA) and standardized test scores (e.g. French, Immekus, &
Oakes, 2005; Zhang, Anderson, Ohland, & Thorndyke, 2004) influence studlentd e c i si ons t
major in engineering and their subsequent success in the major. In this dissertation, these
demographic and preollege academic characteristiesrecontrolled for in the statistical
modeling in order to determine if perceptions of climreteindependently associated with
academic outcomes.
Demographic Factors

As described throughout the literature review, gender and race are important predictors
when studying the field of engineering. In their reports, Hall and Sandler (1982 and 1984)
described a fichilly climateo for women and min
may have influenced their success and decisio
studies on stereotype threat indicated that women and minorigngsud engineering might
underperform due to the stereotypes of these groups in STEM fidlolpiy et al. 2007 Steele,
1997; Steele & Aronson, 1995). Furthermore, several studies indicate that females report feeling
less competent and having lower @piperceptions than male students in engineering (Wilkins,
2004;Zastavker et al2006. While they did not find any gender differences, Marra, Rodgers,
Shen, and Bogue (2012) did find that lack of belonging in engineering significantly contributed
tomnority studentsodé decisions to | eave enginee

Whil e gender and race are both important c
experiences in college, researchers acknowledge that treating gender and race as unique
experiences (i.e. all women groupedédther, regardless of race) can be problemasiaoted in

intersectionality researde.g. Riley, Slaton, & Pawley, 201.8By doing this, researchers report
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only the main effectsofgeedr and race, and may incorrectly i
havet he probl ems of wh itdtee protdemsail men of cobiRfey eda.d d e d 6
2014). In this dissertation, the issue was tempered somewhat by including interaction variables
for gender and race.

In addition to gender and race, parentaloadion level is an important factor associated
with a studentdés success in engineering. Stud
college,orfirstgener ati on students, are |l ess |likely to
degree in any &ld (Chen, 2005; Ishitani, 20D@ue to factors such as having less basic
knowledge about postsecondary education, lower levels of family income and support, and
inadequate secondary school preparation (Terenzini, Springer, Yaeger, Pascarella, & Npra, 1996
Warburton, Bugarin, Nunez, 2001). In the fields of science, mathematics, and engineering,
students whose parents have ear negenemtiobachel or
students to choose these majors (Chen, 2005).

Pascarella, Wolniak, Rigon, and Terenzini (2008xamined the experiences of first
generation students attending community college and found that the largest differences were
betweenfirsgener ati on students and students whose p
higher; stidents whose parents had a moderate level of postsecondary education did not differ
significantly from firstgeneration students in terms of academic andawalemic experiences.
The researchers also found that, by the end of the second year of convollegy, first
generation students demonstrated significant net outcomes advantages, indicating that in this
setting, firstgeneration students may befficiently resilient (Pascalta et al., 2003).

As mentioned ear !l i er , ddengiheeryg trarnsferastudendiss ( 201

suggestdusing a nuanced categorization of parental education when studying engineering
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transfer students. The three categories they recommend were followed in this dissertation: (1)
low parental education, meaning botipant s hi ghest | evel of educa
lower, (2) midlevel parental education, meaning both parents graduated high school and one or
both attended coll ege and/ or received an asso
meaningbottp ar ent s earned a bachel ords degree or hi
Pre-College Factors

A studentds academic preparation before co
outcomes while in college (Astin, 199Berenzini & Reason, 2005Analyzing a database of all
engineerig students in nine college and universities from 1987 to 2002 (for a total of 87,167
students), Zhang et al. (2004) examined factors that influenced graduation rates. They found that
high school GPA anthathematicSAT scores were positively correlated hwvgraduation rates
across all nine institutions; they also found that gender and ethnicity had significant impacts on
graduation rates, but the directions of the associations were inconsistent across the institutions
(Zhang et al., 2004). Using data fromot cohorts of engineering students at one university,
French et al. (2005) explored variables that
engineering and studentsd GPAs once enroll ed
were significantpei ct or s of both studentsd decisions t
additionally, gender was a significant predictor of GPA, with female students having higher
GPAs (French et al., 2005).
College Factors

As described i n Ter e ncegtualframework, the ergasizatoidas ( 2 0
context and environmentmalf f ect a studentds experience at t

several institutional factors were included for statistical control. At the individual theel,
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s t u d engirtedng discipline was includedn certain disciplines of engineering, the ratio of
men to women is lopsided; for example, only 12.0% of computer engineering degrees and 13.5%
of mechanical engineering degrees are conferred to woyizeler, 204). On the othehand,
some disciplines, such as environmental engineering with 48.0% women and biomedical
engineering with 40.6% women, are more balanced (Yoded)2B&cause thenterest inthis
dissertation wa on classroom climate, the variationin genderratiosma nf | uence st ude
perceptions of the climatét the institution level, several factors were also added for statistical
control, including the size (small, medium, or large), type of institution (public or private), the
highest degree offered (bachédlos , mast er 6s, or research), as s
(Lattuca, Terenzini, & Volkwein, 2006; Ro, Terenzini, & Yin, 2013

In order to compare the results from the community college students to the&wur
university student®und in this studythe highest level in hierarchical linear model{fti-M)
was the institution, i.e. either the community college or the university. However, previous
research with university engineering students suggests that differences in student outcomes may
be attribueéd more to the engineering program (e.g. mechanical, environmental, etc.), rather than
the engineering department as a whole at the univékaiight et al.,2012; Lattuca, Terenzini,
Harper, & Yin, 2010. Therefore, after conducting the HLM analysis dimiversity students with
the institution athe highest levelanother analysis was conducted with the program (e.g.
mechanical engineering at a certain universtythe highest leveb explore possible
differences
Chapter Summary

Chapter 2 of thislissertation began with a description of the conceptual framework that

supporedthe current study. The conceptual framewods informed primarily by two
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frameworks: (1) Steele and Ar ons oTetenziniaddd 95) c
Reasod s ( @0cBpbual framework for studying student learning and persistence in college
The main focus of this dissertation wHg relationship between classroom climate and
fundamentak ki | | s rel ated to engineer i rs@greotypes s uc h,
threat suppoedthe exploration of this relationshimethodologicallyT er enzi ni  and Ree
(2005)conceptual frameworkupportedhe need for control variables in the statistical models
thatwereused.

Following the description of the noeptual franework, Chapter 2 continuedth a
review of the relevant literature organized around three main topic étg&fassroom Climate
in Higher Education, (2) Community College Ftagineering Students, and (3) Background
Characteristics of Engaering Studentdn 1982, Hall and Sandler published a report on college
classrooms, indicating that women and minorities in higher education may experience a chilly
climate. Since this report, many studies have focused on this topic and have suppatidly the
climate idea to varying degrees (e.g. Janz & Pyke, 2000; Morris & Daniel, 2008; Serex &
Townsend, 1999)n engineering specifically, classrooms are oftearacterized anale
normed, making engineering classrooms potentially chillier for woldenr{s & Daniel, 2008;
Vogt et al., 200Y. The climate students experience both inside and outside of the classsgom
affect their decisions to persist in to a degree (Pascarella & Terenzini, 2005; Seymour & Hewitt,
1997).

This study builds on the prmus research by focusing specifically on engineering
classrooms in both community colleges and fgear universities. While research on classroom
climate has been conducted at the fpear level, there isomeinconsistency in findingdn this

study, university studen@perceptios of classroom climate in engineerimgreexplored; these
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resultsalso serveds a basis for comparison for the community college studeesgarch on
community college engineering classroomms the other hands scarceagainsupporting the

need for this studf{lL.aanan, Jackso®, Darrow, 2010; Ogilvie, 2004
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Chapter 3: Methodology
In this dissertation, the focugason the classroom climate of engineering students in the
context ofeithertheircommunity college or thefour-yearuniversity The purpose of this study
wast o examine engineering studentsoO perception:
perceptions are related fitndamentaskills in engineering. The studyasguided by the
following research questns:
la. What arecommunity college ngi neer i ng s safttiernldssadomper cep
climate and fundamental engineering skills
1b. What areuniversitye ngi neering studentsoclimate cepti on
and fundamental engineering skKills
lcc. How do community coll ege engineering stu
climate and fundamental engineering skills compare to addfer from university
engineeringt udent sé6 perceptions?
2a Howaecommunityc ol | ege engi n eaptionsofgheisfundathentalt s 6 p ¢
engineering skillselated to their perceptisof classroontlimate?
i. Do these perceptions vary theindividual characteristicsf gender or
race/ethnicity?
ii. Do thesegoerceptions vary by institutién
2b. How areuniversitye ngi neering studentsd perception
engineering skillselated to their perceptisof classroontlimate?
i. Do these perceptions vary theindividual characteristicef gender or
race/ethnicity?

ii. Do these perceptions vary mstitution?
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In this chapter, the process of data collection and survey instrument development, which
took place as part of another stadirototype to Production: Processes and Conditions for
Preparing the Engineer of 20ZB2PP is described. fie sampling, weigting, and imputation
of the dataas well as descriptive statistics for the sangpkealso included~ollowing this the
proposed analysaised to addressach research questiancluding exploratory factor analysis
(EFA), linear equating, and hierarcaidinear modeling (HLM), arsupported
Data

For this study, data fromNational Science Foundation sponsored profecifotype to
Production: Processeand Qnditions forPreparing the Engineer of 20302P)were
examined. These data were collecte@09 from a nationally representative sample of
engineering undergraduates, alumni, faculty, prograsrghand associate deans fromf@dr-
year colleges and universities and from 15gmgineering community college programs. The
institutions includedn the study are listed in Table The purpose of the original P2P study was
to examine the curricular and-carricular experiences of engineering students in order to
understand if students were gaining the knowledge and skills needed for success in th
workforce, as identified by the National Academy of Engineering. In the current study, survey
data from engineering undergraduates at-f@ar institutions and from pmengineering students
at community collegewereanalyzed.

Survey Instrument Devament

Survey instrumentsised to collect dataere developed by a team of engineering and
education researchers through a comprehensivgeanprocess. Over the course of a year, the
team carried out an extensive literature review on several engigeeticomes, including

fundamental skills, design skills, interdisciplinary skills, communication skills,-teark skills,
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leadership skills, and cultural competence. Based on the literature and a review of existing
survey instruments, the team developegtof potential survey items. During this time, the
research team also conducted focus groups and interviews with students, faculty, administrators,
and alumni afive college and universities, including two community colleges, in order to further
explore these engineering outconaes support instrument development

Tablel. Institutions Included in the Dataset

Research Institutions Baccalaureate Institutions

Arizona State University (Main & Harvey Mudd CollegéCA)

Polytechnic)

Brigham Young UniversityUT) Lafayette CollegéPA)

Case Western Reserve UnivergiBH) Milwaukee School of Engineerin@Vl)

Colorado School of Mines Ohio Northern University

Dartmouth CollegéNH) Penn State Erie, The Behrend College

Johns Hogins University (MD) West Virginia University Institute of
Technology

Massachusetts Institute of Technology Community Colleges

Morgan State UniversitgMD) Anne Arundel Community College (MD)

New Jersey Institute of Technology Austin Community Collegé€TX)

North Carolina A&T Borough of Manhattan Community College
(NY)

Purdue UniversityIN) Brookdale Community College (NJ)

Stony Brook UniversityNY) Community College of Baltimore County
(MD)

University of lllinois at UrbanaChampaign Miami Dade ®llege (FL)

University of Michigan Monroe Community College (NY)

University of New Mexico Montgomery College (MD)

University of Texas, El Paso Prince George Community College (MD)

University of Toledq OH) Richland College (TX)

Virginia Tech Santa FeCollege (FL)

Masterds/ Speci al | n South Texas College (TX)

California Polytechnic State University Union Community College (NJ)
California State University, Long Beach ~ Valencia Community College (FL)
Manhattan CollegeNY) Wake Technical Comanity College (NC)
Mercer University(GA)

RoseHulman Institute of TechnologyN)

University of South Alabama

The second year of instrument development was allocated to drafting survey items for

review by engineering faculty at the Pennsylvatiate University. Following this review, the
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survey items were pilot tested with engineer:
and Altoona campuses. The results were analyzed through factor analysis techniques and the
instruments were revisextcordingly. The research team then met with the engineering faculty at
Penn State again to make final revisions to the survey instruments before admgiibem to
the full P2P sample
Sample, Weighting, and Imputation

In order to obtain a samplirfgtame, the P2P research team referred to the American
Society for Engineering Educ a2008sch@bkyear. mhet i t ut i
P2P team employed a cressctional, 6 x 3 x 2 disproportionate, stratified, random sampling
technique in ader to select a nationally representative sample ofyear institutions. The strata
included were: six engineering disciplines (biomedical/bioengineering, chemical, civil, electrical,
industrial, and mechanical), three levels of highest degree offeradc(h el or 6 s, mast er ¢
doctoral), and two levels of institutional control (public and private). Using this design, Penn
Stateds Survey Resear ch -yéa mdttations.iTlrerotleo foyear s el ec
i nstitutions i ns etehdee dsgaarthertoalitathee studyProtptypiag the
Engineer of 2020: A 360egree Study of Effective Educat{®860)

The 15 community colleges included in the sample were nonraridioento the small
size and number of prengineering communityatlege programsselectinga random samplef
community colleges mayot have generated a large enough sample for andhsisad, he P2P
research team, along with key informants at community colleges, identified 20 community
colleges with large prengneering enrollments; of these community colleges, 15 agreed to

participate in the study. Students who indicated their intention to transfer togefour
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engineering program were invited to participate in the stBdgause of this nonrandom
samping, the generalizability of the results fadhe current study were limited.

Penn Stateds Survey Reshoaghawelh@sedht er col | ec
guestionnairdor the fouryear students and a pag®Esed questionnaire for the twear
students. Of the 3237 fouryear student surveys sent, 5,249 responded for a response rate of
16%; of the 8,261 twyear student surveys sent, 1,245 responded for a response rate of 15%. In
order to account for differences due to response bias in both thgefmuand tweyear student
surveys, cases were weighted based on gender, race/ethnicity, class year, and digbipline w
engineeringadjustments were also made to account for differences in institutional response
rates. Missing data were imputed for both samplesdardo retain the maximum number of
cases. Imputation procedures followed those recommended by Dempster, Laird, and Rubin
(1977) and Graham (2009) using the Expectaflitaximization(EM) algorithm in SPPS v.18
(as cited in the P2P study)

Table 2 providesheweighteddemographic information for the sample of community
college and the fouyear college students in this study. In terms of gender, both samples have
more men than womén86% of the community colleges students were men and 81% of the
four-year cdlege students were men. For the community college sample, Caucasian students
were the largest racial/ethnic gro(§6%), followed by Hispanic students (23%8)nd African
American students (16%ilror the fouyear college sample, 51% of the students wengc@sian,
followedby2 0 % i n t he 0 OtlB% Asian Amaricaslgtbis dissertaton, dhe
00t her6 category was created to simplify anal
either Native American, Foreign national (i.e., citizemodther country), Naturalized U.S.

citizen, as well as those who originally chos
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When asked what field they would most | i ke
popular engineering disciplines for community college students were medh{26i4s,
electrical (23%), and other (19%).When asked to report ¢cheientmajor, the most popular
engineering disciplines for the foyear sample were mechanical (33%), electrical (18%), and
civil (17%). Almost 70% of the fouyear sample reportedtha t hei r parent 6s hi gt
|l evel was a bachelordos degree or higher compa
sampleOnly 10% of thefouy e ar st udents reported that their
was a high school diploma or below goaned to 32% of the community college sample.

For high school GPA, 74% of the feyear students reported having GPAs of 3.5 or
above in high school compared to 28% of the community college studentsh®fattr-year
and community collegeamples hadimilarly low numbes of students in the bottom two GPA
categorieswhich indicate GPAs below 1.99% for university students and 3% for community
college students)Yhe average age for community college students was slightly higher than for
four-year collge students (24.5 and 22.0 years respectivEhg.average SAT composite score
for four-year students was 186120 = 251.]). Because relatively few community college

students in the sample completed the SAfi@sse scores were not included in this study
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Table2. Demographic Information for the Sample

Community College Four-year College
Frequency Percent Frequency Percent
Gender
Men 1,119 86% 4,350 81%
Women 187 14% 1,056 20%
Race/Ethnicity
African American 213 16% 232 4%
Asian American 86 7% 703 13%
Caucasian 463 36% 2,775 51%
Hispanic 298 23% 598 11%
Other 245 19% 1,098 20%
Disciplinet
Bio/Biomedical 34 3% 335 6%
Chemical 70 5% 547 10%
Civil 201 15% 932 17%
Electrical 298 23% 979 18%
Industrial 32 3% 252 5%
Mechanical 320 25% 1,795 33%
General 15 1% 342 6%
Other 246 19% 218 4%
Undeclared 90 7% 6 0%
Parent Education Level
High Schoolor below 415 32% 537 10%
Some CollegerAs c i a 438 34% 1,108 21%
Bachelor'sor higher 452 35% 3,761 70%
High School GPA
1.49 or below (below ¢ 12 1% 19 0%
1.50-1.99 (Cto C) 29 2% 25 0%
2.00- 2.49 (Cto B) 152 12% 88 2%
2.50- 2.99 (B to B) 272 21% 247 5%
3.00- 3.49 (Bto A) 448 35% 960 18%
3.50 or above (Ato A) 358 28% 3892 74%
Mean S.D. Mean S.D.
Age 24.5 7.1 22.0 3.6
SAT Composite Scoré - - 1861.2 251.1
Total 1,306 5,406

Note All data weighted and imputed. 1 indicates that communitegelstudents were asked what tlireiended
major would be once transferring; feyear students were asked about toairentmajor. 2 indicates that
because relatively few community college students in the sample completed the SATS, they are rdtlhiecéu

43



Analysis

In this section, the analysis used to answer each research questions is described. For
clarity, Table3 lists each research question and the corresponuitigpdologyand datachosen
for that question.

Table3. Research Questions, Analysis, and Data

Research Question Analysis Data
la.What are community college engineering Exploratory Factor Community
studentsodé percept i on Analysis(EFA), college data
climate and fundamental engineering skills? Descriptive statigcs
lbbwWhat are uni ver sit Exploratory Factor Fouryear
perceptions of their classroom climate and  Analysis (EFA), universitydata
fundamental engineering skills? Descriptive statistics
1c.How do communitycollege engineering  Linear equating, Both community
student sé percept i on Descriptive comparison college and four
climate and fundamental engineering skills  of the resiis from year university
compare to and/or differ from university research questns la. data
engineering student sandlilb.
2a.How are community college engineering Hierarchical Linear Community
studentsé percept i on Modeling(HLM) college data

engineering skills related to their perception:
of classroom climate?
I. Do these perceptions vary the individual
characteristics of gender or race/ethnicity
ii. Do these perceptions vary by institution?

2bbHow are univer sity Hierarchical Linear Fouryear
perceptions of their fundamental enginegri  Modeling (HLM) universty data
skills related to their peeptions of classroom

climate?

i. Do these perceptions vary by the individu
characteristics of gender or race/ethnicity
ii. Do these perceptions vary by institution?

Exploratory Factor Analysis

An exploratory factor analysis (EFAJasconductedn thesurvey instrumentis order
to establish measures of classrodimateandfundamentaskills in engineeringEFA is a
statistical technique that is used to lexe the dimensionality of an instrument by finding a

smaller number of interpretable factors needed to explainritierlyingrelationshig among
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variables (Brown, 2006; Rencher, 2002). In this studBA wasconducted on both the
community college swey and the fouyear college survey to determitiee latent constructs
measuregnddb det er mi ne t has mesasuremenyirsttuments. d heiresultiegs
constructsverethen used in the HLM analysis.

In this dissertatiora total of four EFAs we conducted with the data, two for each
dataset. Thsurvey instrumentaere first groupdby the content of the itemsge.items that
related tahe individual studest 6 s dkasstodn®r program, in order to conduct separate
EFAs on each. The intest in this study was on the student and classroom levels, and thus two
EFAs were conducted per dataset. All EFA analyses in this study were conducted using Mplus
Version 7 Muthén & Muthén2012 under maximum likelihood estimation and an oblique
promax ptation. A preliminary inspection of the bivariate correlation matrix for all of the items
showed many correlations above 0.3, indicating that a factor analysis was appropriate for this
data.

To determine the number of factors on each survey instruneset;ad criteria, including
the scree plot, fit statistickgctor loadings, andubstantive interpretability, were examingéd.
scree plot is a graphical representation of the eigenvalues and is used to visually assess how
many factors explain most of thanability of the data; the point at which the slope appears to
l evel of f, or the fAel bowd of the graph, i ndi c
include the Chiquare criterion, the root mean square error approximation (RMSEA), and the
root mean square residual (RMR). The-Ghuare criterion suggests that thegtue should be
above 0.05; however, given that this criterion is highly affected by sample size, other fit indices
are generally needed to determine the number of fa@ersche, 2002) For the root mean

square error approximation (RMSEA), a value of less than 0.05 indicates a good fit and values
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between 0.05 and 0.08 indicate moderate fit (Browne & Cudeck, 1P9@2he root mean square
residual (RMR, a value of less than @0ndicates god fit (Browne & Cudeck, 1992}fter
examining the Scree plot and fit statistics, it is important to consider the factor loadings as well
as the substantive interpretability of these factors. In this study, factor loadings above 0.32 were
considered as the minimum loading for an item (Cos#&lfdsborne, 2005).
Equating

While the items on the community college and university student survey were nearly the
same, some of the wording of the items and the stems were not exactly the samamipte,ex
on the community coll ege survey, one item rea
tools and applications t@al-worldpr obl ems. 6 On the wuniversity su
APl ease rate your abil it ationstoengm@epnigpyr ocbol nepmust. edr t
Thus, in order to compare the results from the two surveys, it was necessaryiteérst
equatethescoreB.qu at i ng i s, fithatissused o adgist scores lon tgstrfarnecsss s
that scoresontheformacmm be used interchangeablyodo (Kol en

There are several commonly used equating designs, such as random groups, single group
with counterbalancing, and comm@am nonequivalent groups design (Kolen & Brennan,
2014). For this study, the conamitem nonequivalent groups design was used because two
groups of students from different populations (i.e. the community college or the univeesity)
each administered different forms of the survey, which included a common set offitkems.
common sebf items were those that were worded exactly the same on each survey. Linear
equating analysis in this dissertation was conducted usingdhemon Item Program for
Equating (CIPE) version 2.0 (Kolen, 200#he equated scores allowed for comparisons

betwesn the community college and university students.
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Descriptive Analyse

After conducting EFAs on both surveys and equating the results, the scores from two
factor® Classroom Climate and Fundamental Engineering 8kilere compared descriptively
for the conmunity college and university student® answer research questibg) all results for
guestions & and 1drom the community college students and university studeatescompared
descriptively, focusing on similarities and differences between thervupg of students. The
mean and standard deviation scorepateptions o€lassroom Climatand Fundamental
Engineering Skilldrom questions 1a and Ierecompared for both groups.
Hierarchical Linear Modeling

Hierarchical linear modeling (HLM)someimes referred to as multilevel modeling, is a
popular statistical technique in the social sciences that allows for researchers to examine
variation at multiple levelse(g. a student within a school) or across multiple time points (e.g.
reading test scorex a student at various points of elementary schétiM has an advantage
over other statically techniques, such as ordinary least sq@r&3regression, in that it
permitsresearchers to appropriately deal with hierarchical or nested data str@Osivesne &
Neupert, 2013Raudenbush & Bryk, 200&nijders & Bosker1999. For example, tsidents in
the same classrooare exposed to the same environrdettite sameteacher, other studentbge
number of books in the classroom, &tand therefore their sponses on a particular test are
likely more similar to each other than to students at a different schbolare exposed to a
different environment. The observations from these individual students are not fully independent
of each other, violating an asaption of many statistical techniques, including OLS regression
Another advantage of HLM is that it allows researchers to handlelenedsdataFor example,

if researchers are interested in the effect of a certain teaching style on student achjekreygnent
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could aggregate this information and assign the same teaching characteristics to all students.
Again, this violates the assumption of independence of observation. Using HLM, on the other
hand, researchers may pla@iablessuch as teaching stylat the appropriate levéDsborne

& Neupert, 2013Raudenbush & Bryk, 200&nijders & Bosker1999.

In HLM analysis, the individual level, (or lowest level of data) i.e. l&yenalysis is
similar to regression in that the dependent variable isgestas a function of a linear
combination of one or more levélindependent variables and an intercept, as shown:

Yij = boj + bijX1+ € by + rij

whereboj represents thimtercept of the dependent variable in grpup; represents the slope of
independent variabl€; of groupj, andrj represents the residual of individuah groupj. At
level2, the levell slope and intercepts become the dependent variables that are predicted by
level2 independent variables, as shown:

Doj = 200 + J0aWA + €+ 2ok + Uoj

Dy = 210 + Uy
where the slopes, representedblyandao, and intercepts, representeddsyandok, predict Do;
andbg from the level2 variable ofWi.

In this dissertation, a twievel HLM was choserto addressesearch questiorf&aand .

The levell unit of analysis was the individual student and the 12uatit was either the
community college or #nfouryear universityAll HLM analyses in this study were conducted
using HLM 7 softwareRaudenbush, Bryk, & Congdon, 2QMith full maximum likelihood
estimation Like regression, HLM has several assumptions, includiivgear relationship
between vaables, normality of errors, homogeneity of variance, and independence of

observéions (Raudenbush & Bryk, 2002), which were checked after fitting a final model.
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Student Level Variables

The dependent variable in this studlgs fundamentaskills in engineering a construct
determined by the EFA results in the previous research questios studentevel control
covariates for both the community college and fgear modelsveregender, race/ethnicityhe
interactions of gendday race/ethnicityage, and parent education levelassified as either high,
mid, or low) for the community college models, high school grade point average (@&%A)
included, while in the fouyear college models, Scholastic Aptitude Test (SAT) scuezs
included.

Institution LevelVariables

The primary independent vahle of interest in this study wa&lassroom climate, a
construct also determaad by the EFA results; because studerdseasked about their classroom
experience in general at their institution, fasta specific course, this variabMasincluded at
level two.For both thecommunity college analysendthe fouryear student analysis, level two
was theinstitution.For the fouryear analysis, institution size (classified as small, medium, or
large),hihest degree offered (bachelords, masteros
private)wereincluded as control variables.

Model Building

For the HLM analysis, the first step in model buildmgs to formulate the fully
unconditional model, anull model. An unconditional model is used to calculate the intraclass
correlation coefficient (ICC), or the proportion of variance in the outcome variable that is
between groups; as such, the ICC provides support for the use of multilevel modeling
(Raudabush & Bryk, 2002 The unconditional model also provides several baseline

coefficients and statistics, such as the deviatatstic which are used for comparison in
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subsequent models (Raudenbush & Bryk, 2002). Shown below &tédlyhenconditional
models used in this analysis.

Level 1:

06 & QOAQE OGO YQQN divh & i@EE) ™ |
whereFundamentebkills; represents the saléportedundamental engineerirgkills of student
in institutionj; bo represents the institutionean & fundamental engineerirgkills of institution
j; andrj; represents the random error of studentinsitution j which is assumetb be
independent and identically distributed wth mean of O 4nd variance of

Level 2:

I [ o,
wheredo represents thgroupmeanfundamental engineerirgkills of all institutions uo
represents theandom error.

After the unconditional model, a series of models were built with various combinations of
levell and level2 variables added, the rdtsuof which were compared to the original baseline
model. This process is described in more detail in Chapter 4 of this dissertation. The final model
for both the community college data and the university student data included all of tke level
and level2 variables of interest.

As discussed in the literature revieweoconsideratiom model buildingwas centering
of the variables, which can either be ardtine grand mean or group meaentring is a simple
transformation ofvariable that can simily the interpretation of the intercept or make the
interpretation more substantively meaningfalthis study, group mean centerwgsused in
order to determine the effects of betweand within group differences in climate on student

perceptions oébilities. Many variables howeverwere dummy coded; for example, gender was
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coded O to indicate female and 1 to indicate nfate dummy coded variablessntering wasiot
necessary as\would complicate the interpretation of the intercepts.
Chapter Summary

In this chapter, the datasetsed in this studweredescribed, including the sampling,
weighting, and imputation techniqud$e survey instrument development process that occurred
as part of the original P2P study was also describeslcriptive statistics fothe students in the
both the community college and university studarhplewereprovided.In addition, the
methodology used to answer each research question was defined.

Research questions 1a and 1b were addressed by conducting an &k of the two
surveys in order to determine constructs for classroom climate and fundamental skills in
engineering. In order to compare the results of the EFA analysis, and to address research
guestion 1c, linear equating was necessary as the iterhe tmd surveys were not identically
worded. Lastly, to answer research questions 2a and 2b, HLM analyses were conducted on both
sets of data. The use of HLM was justified by the nested data structure of students within

institutions.
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Chapter 4: Results
In this dissertation, the focugason the classroom climate of engineering students in the
context ofeithertheircommunity college or their fowyear universityThe purpose of this study
wast o examine engineering saomdlimatdaadhowtleesec e pt i o n ¢
perceptions are related fitndamentaskills in engineering. The studyasguided by the
following research questions:
la. What arecommunity college ngi neer i ng s safttiernldssadomper cep
climate and fundamentehgineering skill3
1b. What areuniversitye ngi neering studentsoclimate cepti on
and fundamental engineering skKills
lc. How do community coll ege engineering stu
climate and fundamental enginegy skills compare to and/aliffer from university
engineeringt udent sé6 perceptions?
2a Howaecommunityc ol | ege engineering studentsodo pe
engineering skillselated to their perceptisof classroontlimate?
i. Do these pemptions vary byheindividual characteristicsf gender or
race/ethnicity?
ii. Do thesegoerceptions vary by institutién
2b. Howareuni ver sity engineering studentso per.
engineering skillselated to their perceptisof classrom climate?
i. Do these perceptions vary theindividual characteristicef gender or
race/ethnicity?

ii. Do these perceptions vary mstitutior?
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Chapter 4s organized around the resultstioése research questiofi$is chapter
includes the resultsf the following analyses requireéd answer thee questions: exploratory
factor analyss (EFA), linear equatingdescriptive analysis, and hierarchical linear modeling
(HLM).
la.What are community collegee ngi neer i ng st solitkerrtlassioonper cepti o
climate and fundamental engineering skill8
Community College EFA Results

In order to establish measures of classroom climate and fundamental skills in
engineeringan exploratory factor analysis (EFA) was conducted on both the community college
and unversity student surveys. All EFA analyses in this study were conducted using Mplus
Version 7 Muthén & Muthén2012 under maximum likelihood estimation and an oblique
promax rotation. A preliminary inspection of the bivariate correlation matrix fof #lleotems
showed many correlations above 0.3, indicating that a factor analysis was appropriate for this
data. In order to determine the number of factors on each survey instrument, several criteria,
including the scree plot, fit statistics, and substaninterpretability, were examined.

For the community college instrument, the survey items were groupibe lopntent of
the items, 1 .e. items that,classgdomagrpogrant, mordehe i nd
to conduct separate EFAs orckathe interest in this study was on the student and classroom
levels, and thus two EFAs were conducted. For the items related to individual student skills, 20
attitudinal items were included. All items wereonafw® i nt Li kert scal e fr ol
AFair, o A"nGood, 0 AVery Good, o0 to AExcellent. o
of the eigenvalues, was used to visually assess how many factors explain most of the variability

of the data; the point at which the slope appearstolevelotbr t he fAel bow, 0 i ndi
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of factors. For this EFA, the scree plot (shown in Figure 2) indicated that either,dif@dy or

six-factor model was possible.

Eigenvalues

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Factor Number

Figure 2. Scree plot for the community college surviegtividual skills.

In continuing to determine the number of factors, the fit statistics (shown in Table 4)
were inspected next. The Géguare criterion suggests that theghue should be above 0.05,
which was not met in any model. Given that this aoters highly affected by sample size
(Rencher, 2002), other indices were examined. For the root mean square error approximation
(RMSEA), a value of less than 0.05 indicates a good fit and values between 0.05 and 0.08
indicate moderate fit (Browne & Cudeck992). In this case, both the fhand sixfactor model
indicated moderate fit (RMSEA = 0.068 and 0.055, respectively). For the root mean square
residual (RMR, a value of less than 0.08 indicates good fit (Browne & Cudeck, 1992), which all

of the moded met.

54



Table4. Fit Statistics for the Community College Survey: Individual Skills

Results for Initial EFA (20tems)

Chi-Square
No. of Factors  f ? d.f. p-value RMSEA RMR Negative Residual Varianc
2 3257.41 151 0.000 0.129 0.070 No
3 2000.91 133 0.000 0.106 0.058 No
4 1275.51 116 0.000 0.090 0.042 No
5 673.47 100 0.000 0.068 0.026 No
6 406.38 85 0.000 0.055 0.018 No
Results of Final EFAL9 Items)
5 462.03 86 0.000 0.059 0.021 No
Note n = 1,245

Based on the scree plot and the fit indices, the &ind sixfactor models looked the

most plausible; therefore, the factor loadings for both were exanttaetbr loadings above 0.32

wereconsdered as the minimum loading for an it¢@ostello& Osborne, 200p In looking at

the substantive interpretability of the salient factor loadings, adiet®r model was supported.

One crosdoaded item was eliminated and another EFA was conductec oarttaining 19

items. A fivefactor model was again supported by the scree plot, fit statistics (RMSEA = 0.059;

RMR = 0.021), and substantive interpretability of the loadings. The final five factors for this

portion of the community college survey, alonghathe items that loaded on each facod the

factor loadingsare presented in Table I5. order to support the reliability of these factors,

Cronbachoés alp

ha was

c o mp uall faators have higle ralietility a s

wi t h Cr aphdss ardbdve 0.8 (Cronbach, 1951).this dissertation, the factor

A Funda Bngineerimg Skille

wa s

used
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Table5. Factors forthe Community College Survendividual Skills

Factor and Items Factor Cronbac
Loadings Al pha,

Factor 1: Fundamental Engineering Skills 0.80
Pleae rate your ability to apply:

Math to reailworld problems. 0.652

The physical sciences to reabrld problems. 0.891

Computer tools and applications to readrld problems. 0414

Life sciences to reakorld problems. 0.555
Factor 2: Contextual Awareness 0.85
Please rate your:

Knowledge of contexts (social, political, economic, 0.736

cultural, environmental, ethical, etc.) that might affect 1
solution to a problem.

Knowledge of the connections between technological 0.577
solutions and their implications for the society or groug
they are intended to benefit.

Ability to use what you know about different cultures,  0.910
social values, or political systems in developingopem
solutions.

Ability to recognize how different contexts can change a 0.707
problem solution.

Factor 3: Communication 0.81
Please rate your ability to:

Write a wellorganized, coherent report. 0.659

Make effective audiovisual presentaitso 0.826

Construct tables or graphs to communicate a solution. 0.785
Make myself understood in conversations with others. 0.477

Factor 4: Teamwork 0.93
Please rate your ability to:
Work with others to accomplish group goals. 0.857
Work in teans of people with a variety of skills and 0.980
backgrounds.

Work in teams where knowledge and ideas from multiplc 0.717
fields must be applied.
Factor 5: Leadership( U 0.39 0.90
Please rate your ability to:
Help your group or organization work tugh periods 0.789
when ideas are too many or too few.
Develop a plan to accomplish a group or organization's 0.818
goals.
Take responsibility for group or organizational 0.858
performance.
Motivate people to do the work that needs to be done. 0.643

Note All items were o a fivepoint Likert scale with &= Weak/none, Z Fair, 3= Good, 4= Very Good, and &
Excellent;n =1,245
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Next, an EFA was conducted on the items related to classroom experiences on the
community college survey. Twelve attitinal items on a fivg@oint Likert scale were included in
thisanalysis. Againhe scree plot (shown in Figurg, 8t statistics (shown in Table)and
substantive interpretability of the factor loadings were examined to determine the number of

factors.

Eigenvalues
N w EN (6] (o2}

A

1 2 3 4 5 6 7 8 9 10 11 12
Factor Number

Figure 3. Scree plot for the community college survey: classroom experiences.

Based on the scree plot, a tvaw threefactor model was supportedowever, after
examining the fit statistics arsibstantively interpretabilityfahe factorsa twafactor model
was supporte(RMSEA = 0.161; RMR = 0.056)

Table6. Fit Statistics for the Community College Survey: Classroom Experiences

Results for Final EFA (1Bems)

Chi-Square
No. of Factors  j 2 d.f. p-value RMSEA RMR Negative Residual Varianc
1 3398.36 54 0.000 0.223 0.149 No
2 1437.30 43 0.000 0.161 0.056 No
3 736.34 33 0.000 0.131 0.048 No
4 252.14 24 0.000 0.087 0.022 No

Note n = 1,245

57



The two factors for this portion of the communitylege survey, along with the items
that | oaded on each fact or salghdhage pfesecteadiniTable o ad i n
7. Both factors had high r el i(&bnbdch, 1991, O0Onevi t h Cr o
factor, i Cl a s susad mmrth€rlanalyses. e 0 wa

Table7. Factors for the Community College Survey: Classroom Experiences

Factor and ltems Factor Cro n bact
Loadings Alpha, U
Factor 1: Classroom Climaté 0.92

In your courses, do:
Some male studenteat other male students better tha 0.740
female students.
Some white students treat other white students better 0.871
nonwhite students.
When working in groupsome male students treat othe 0.827
male students better than female students.
When working in groupsome white students treat othe 0.877
white students better than narhite students.
Some instructors treat male students better than fema 0.754
students.
Some instructors treat white students better than non 0.767
white students.
Women students get treated better than male student: 0.598
Minority students get treated better than white student 0.590
Factor 2: Identity in Engineering Field? 0.86
Please indicate your level of agreement witbtheaf the
following statements:
My gender has or will influence my choice of engineer 0.519
field.
My gender will negatively influence my engineering  0.747
career.
My race/ethnicity will negatively influence my choice o 0.901
engineering field.
My race/ethnicity will negtively influence my 0.885
engineering career.
Note All items wereon a fivepoint Likert scalehowever, not all scales were identical; 1 indicates a Likert scale of:
1 = Never, 2 = Rarely, 3 = Sometimes, 4 = Often, 5 = Very often; 2 indicates afdake Strongly disagree, 2 =
Disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly agrdg245
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Summary of Findings

Table8 provides a summary of findings for the community college student survey,

including t he f saphameamtatainseqre, & weall ashtheaniean score for

each factor. Community

yielded a mean score of 4.330G= O .

col | eqg eaclassropm clirmager i n g

st

71); these studentsoOllspercept

in engireering yielded a mean score360 SD= 0.78).

Table8. Summary of the Community College Survey Factors

Factor U Mean Total Score (s.d) Mean Score (s.d.)
Fundamental Engineering Skil 0.80 14.41 (3.11) 3.60 (0.78)
Contextual Awareness 0.85 14.04 (3.19) 3.51 (0.80)
Communication 0.81 14.59 (3.16) 3.65 (0.79)
Teamwork 0.93 12.07 (2.47) 4.02 (0.82)
Leadersip 0.90 15.27 (3.34) 3.82(0.84)
Classroom Climate 0.92 34.96 (5.68) 4.37 (0.71)
Identity in Engineering Field 0.86 16.95 (3.49) 4.24 (0.87)

Note n= 1,245

1b.What areuniversityengi neering student

fundamental engineering skill®

University Student EFA Results

SO0 pcemateaendt i ons o

For the university student survey, additional EFAs, again using Mplus Vershuatiign

& Muthén, 2012 under maximum likelihood estimation and promax rotation, were conducted.

As with the communy college survey, the items on the university student survey were first

groupedbyt he content

of

the items,

i . e.

i,t ems

classroom, or program. An EFA was conducted on two grou@pingtividual student skilland

classroom experiences. For the individual student skills, 51 attitudinal items orpaifive

Likert scale were included in the initial EFAlthough all items were on a fiveoint Likert

scale, the scales were not the same for all as describezinotés portion of TabE0. After

t hat

examining the factor loadings of the initial EFA, there were five items that did not load onto any
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factor and were therefore deleted; a second EFA was conducted on the remaining 4thgems.

results of this analysis ashiown inFigure4 and Table9.

20
18
ol
14
12
10

Eigenvalues

o N A O ©

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51
Factor Number

Figure 4. Scree plot for the university student survey: individual skills.

The scree plot, fit statistics, and substantively interpretability of the factor loadings
supported an eigtiactor model RMSEA = 0.049; RMR = 0.021); the factor namesdings
and corresponding items are shown in Tdlfle

Table9. Fit Statistics for the University Survey: Individual Skills

Results of Initial EFA (5ltems)

Chi-Square
No. of Factors  j 2 d.f. p-value RMSEA RMR Negative Residual Varianc
2 43241.96 1174 0.000 0.083 0.067 No
3 32542.59 1125 0.000 0.073 0.047 No
4 25605.49 1077 0.000 0.066 0.039 No
5 21123.60 1030 0.000 0.061 0.034 No
6 16712.81 984 0.000 0.055 0.031 No
7 14069.93 939 0.000 0.052 0.028 No
8 11365.55 895 0.000 0.047 0.025 No
9 9186.66 852 0.000 0.043 0.020 No
Results of Final EFA (46 Items)
8 9290.58 695 0.000 0.049 0.021 No
Note n =5,249
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S

0.

To support the reliability

hown in Tabld.0, most factors (six of

(Cronbach, 1951).

Table10. Factors for the University Survey: Individual Skills

8; the remaining two factors

of edtfoneacheAsf act or

ei ght)

have

have hi

acceptabl

Factor and Items Factor Cronbac
Loadings Alpha, U
Factor 1: Fundamental Skills in Engineering 0.73
Please rate your ability to apply:
Math to engineering problems. 0.663
The physical scigces to engineering problems. 0.597
Computer tools and applications to engineering problems 0.329
Factor 2: Design Skill$ 0.93
Please rate your ability to:
Define design problems and objectives clearly and precis 0.680
Ask questions to uretstand what a client/customer really 0.695
wants in a "product.”
Undertake a search (literature review, databases, 0.528
benchmarking, reversengineering, etc.) before beginning
teambased brairstorming.
Take into account the design contexts anccthestraints 0.694
they may impose on each possible solution (social, cultt
economic, environmental, political, ethical, etc.).
Generate and prioritize criteria for evaluating the quality ¢ 0.787
solution.
Brainstorm possible engineering soluiso 0.678
Apply systems thinking in developing solutions to an 0.684
engineering problem.
Develop pictorial representations of possible designs 0.610
(sketches, renderings, engineering drawings, etc.).
Evaluate design solutions based on a speciBedfsriteria. 0.851
Producing a product (prototype, program, simulation, etc. 0.779
Break down a design project into manageable componen 0.579
tasks.
Recognize when changes to the original understanding o 0.507
problem may be necessary.
Factor 3: Contextual Awarenes$ 0.91

Please rate your:
Knowledge of contexts (social, political, economic, culture 0.772
environmental, ethical, etc.) that might affect the solutio
an engineering problem.
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Knowledge of the connections be@vetechnological 0.773
solutions and their implications for whom it benefits.
Ability to use what you know about different cultures, soci 0.799
values, or political systems in engineering solutions.
Ability to recognize how different contexts can nga a 0.631
solution.
Factor 4. Communicationt
Please rate your ability:

Write a wellorganized, coherent report. 0.696

Make effective audiovisual presentations. 0.718

Construct tables or graphs to communicate a solution. 0.635

Communiate effectively with clients, teammates, and 0.671
supervisors.

Communicate effectively withontechnicalaudiences. 0.620

Communicate effectively with people from different culturc 0.363
or countries.
Factor 5: Teamwork!
Please rate your ability:

Work with others to accomplish group goals. 0.867
Work in teams of people with a variety of skills and 0.959
backgrounds.

Work in teams where knowledge and ideas from multiple 0.492
engineering fields must be applied.
Work in teams thaniclude people from fieldsutside 0.419
engineering
Put aside differences within a design team to get the worl 0.397
done.
Factor 6: Leadership
Please rate your ability:
Help your group or organization work through periods wh: 0.778
ideas aredo any or too few.
Devel op a plan to accompl i0.816
goals.
Take responsibility for gr0.814
performance.
Motivate people to do the work that needs to be done. 0.705
Identify team members' singths/weaknesses and distribut 0.391
tasks and workload accordingly.
Monitor the design process to ensure goals are being me 0.322
Factor 7: Interdisciplinary Knowledge?
Indicate your level of agreemienwith the following statements
| value reading about topics outside of engineering (histor 0.422
business, politics, the cultures of other parts of the worl
etc.).
| enjoy thinking about how different fields approach the se¢ 0.544
problem in different ways.
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Not all engineering probims have purely technical solution 0.450
In solving engineering problems | often seek information 0.501
from experts in other academic fields.
Given knowledge and ideas from different fields, | can figi 0.567
out what is appropriate for solving a problem
| see connections between ideas in engineering and idea: 0.643
the humanities and social sciences.
| can take ideas fromutside engineeringnd synthesize 0.760
them in ways that help me better understand or explain
problem.
| can use \Wat | have learned in one field in another settin¢ 0.686
to solve a new problem.
Factor 8: Reflective Behaviof 0.67
Indicate your level of agreemienith the following statements
| often step back and reflect on what | am thinking to 0.712
determine whther | might be missing something.
| frequently stop to think about where | might be going 0.781

wrong or right with a problem solution.
Note All items are on a fivgooint Likert scalehowever, not all scales are identical; 1 indicates a t#ale of: 1=
Weak/none, 2 Fair, 3= Good, 4= Very Good, 5= Excellent; 2 indicates a scale of=1Strongly disagree, 2
Disagree, 3= Neither agree nor disagree=#Agree, 5= Strongly agreen =5,249

Another EFA was conducted on the 14 iterlated to classroom experiences on the
university student survey. All items were on a fp@int Likert scaleas noted in Table 1Zhe

results for this EFA are shown in Figisend Tablell

Eigenvalues
N w N (63} (o]
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Figure5. Scree plot for the univsity student survey: classroom experiences.
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Based on the scree plot showrFigure5, a twe or threefactor model appeared to fit
the data best. However, in examining the fit statistics (TRYléor the threeactor model, there
was a negative residuahriance, known as a Heywood case, which indicates that the model may
be misspecified (Kolenikov & Bollen, 20)1L2After examining the factor loadings, two items
were deleted in order to address this issue.

Tablell Fit Statisticsfor the University Survey: Classroom Experiences

Results of Initial EFA (1#tems)

Chi-Square
No. of Factors  j 2 d.f. p-value RMSEA RMR Negative Residual Varianc
2 12967.48 64 0.000 0.196 0.082 No
3 9402.23 52 0.000 0.185 0.068 Yes
4 5183.80 41 0.000 0.155 0.053 No
Results of Final EFA (1Rems)
2 9326.96 43 0.000 0.203 0.077 No

Note n =5,249

Another EFA was conducted on the remaining 12 itesfaged to classroom experiences
and after examining the scree plot, fit statistics, and antigely interpretability of the factors,
two-factor model was determined to fit the data best (RMSEA = 0.203; RMR = 0.077). The two
factors, along with the items loading onto each fadter factor loadings, andt@r onb ac h é s
alpha, are shown in Tabl®. As presented in the table, both factors have high reliability with
Cronbachods al phas ab odhisdissértat®norfefactoom @laa s r d®m 1) .

Climate0 was wused in further anal yses.

64



Tablel12. Factors ér the University Survey: Classrodaxperiences

Factor and ltems Factor Cro n bach
Loadings Alpha, U
Factor 1: Classroom Climaté 0.90

In your engneering courses, how often do:
Male students treat other male students better than  0.691
female students.
White students treat other white students better than | 0.954
white students.
When workingn groups male students treat other malc 0.696
students better than female students.
When working in groupsvhite students treat other whit 0.963
students better than navhite students.
Instructors treat male students better than female 0.650
students.
Instructors treat white students better than-wbite 0.738
students.
Women students get treated better than male student 0.417
Minority students get treated better than white studen 0.433
Factor 2: Identity in Engineering Field? 0.84
Do youagreeor disagree with the following:
My gender has or will influence my choice of 0.660
engineering field.
My gender will negatively influence my engineering  0.810
career.
My race/ethnicity has or will influence my choice of  0.757
engineering field.
My race/ethnicity will negatively influence my 0.819
engineering career.

Note All items wereon a fivepoint Likert scalehowever, not all scales were identical; 1 indicates a Likert scale of:
1 = Never, 2 = Rarely, 3 = Sometimes, 4 = Often,\Bery often; 2 indicates a scale of: 1 = Strongly disagree, 2 =
Disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly agrée249.

Summary of Findings

Table13 provides a summary of findings for the fegerar university student survey,

including the factor name, Cronbachés al pha,
each factor. University engineering studentsd
mean scoreof 4.28D= 0. 61); t hese stiufehdamentalcskilpier cept i on s

engineeringjielded a mean score 8185 (SD= 0.71).
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Table13. Summary of the University Survey Factors

Factor U Mean Total Score (s.d) Mean Score (s.d.)
Fundamental Engineering Skil 0.73 11.54 (2.1) 3.85(0.71)
Design Skills 0.93 43.50 (8.62) 3.63 (0.72)
Contextual Awareness 0.91 13.46 (3.53) 3.36 (0.88)
Communication 0.86 22.80 (4.25) 3.80 (0.71)
Teamwork 0.85 19.64 (3.70) 3.93(0.74)
Leadership 0.90 22.46 (4.67) 3.74 (0.78)
Interdisciplnary Knowledge 0.80 32.10 (3.80) 4.01 (0.48)
Reflective Behavior 0.67 8.05 (1.25) 4.02 (0.63)
Classroom Climate 0.90 34.32 (4.85) 4.29 (0.61)
Identity in Engineering Field 0.84 17.56 (2.77) 4.39 (0.69)
Note n= 5,249,

1c.How do community collegee ngi neering studentsd pchmateept i on
and fundamental engineering skills compare to and/odiffer from university engineering
studentsé6é perceptions?
Equating Results

While the items on the community college and university stuslantey were nearly the
same, some of the wording of the items and the stems were not exactly the same. For example,
on the community college survey, one items re
tools and applications t@al-world problemsd On t he university survey,
APl ease rate your ability t oengmng@epngpyr ocbol nepmust. eor t
Thus, in order to compare the results from the two surveys, it was necessary to first equate the
scoresTypically, equating is used to link scores on alternate forms of a test; in this study,
however, the purpose of equating was to separate survey differences from group differences in
order to make comparisons between the two grdtgpsating analysisemployingthe common
item nonequivalent groups desigrgs conductedsing the Common Item Program for Equating

(CIPE) version 2.0 (Kolen, 2004)his design of equating requires a common set of items from
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both surveys; the common items as well as the unique itemgHetwo surveys are shown in
Tablel14.

Tablel14. Items Included in Equating Analysis

Common Items(Form V)

Please rate your ability to:
Write a wellorganized, coherent report.
Make effective audiovisual presentations.

Construct tables or graphs to communicate a solution.
Communicate effectively with people from different cultures or countries.

Do you agree or disagree with the following:

My gender has or will influence my choice of engineering field.

My gendemwill negatively influence my engineering career.

My race/ethnicity has or will influence my choice of engineering field.
My race/ethnicity will negatively influence my engineering career.

Community College Only(Form X)

University Only (Form Y)

Please rate your ability to:

Math to realworld problems.

The physical sciences to reabrld
problems.

Computer tools and applications to real
world problems.

Life sciences to reakorld problems.

In your courses, do:

Some male students treat other maleesiiis
better than female students.

Some white students treat other white
students better than navhite students.

When working in groupsome male student
treat other male students better than fem
students.

When working in groupsome white
students treat other whigtudents better
than noAwhite students.

Some instructors treat male students bette
than female students.

Some instructors treat white students bette
than noAwhite students.

Women students get treated better than m
students.

Minority students get treated better than
white students.

Please rate your ability to:
Math to engineering problems.
The physical sciences to engineering

problems.

Computer tools and applications to

engineering problems.

Life sciences to engineering problems.
In your engineering courses, how often do

Male students treat other male students
better than female students.

White students treat other white student:
better than nonvhite students

When working in groupsnale students
treat other male students better than
female students.

When working in groupsvhite students
treat other white students better than
white students.

Instructors treat male students better the
femak students.

Instructors treat white students better th¢
nonwhite students.

Women students get treated better than
male students.

Minority students get treated better than
white students.
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Table 15 provides the summary statistics for the items used in the equating analysis.
Twelve unique items from the community collegel amiversity survey were included, and 8
items that were common to both surveys were inclutled.mean for the community college
items was 80.463D= 9.38) and for the university items was 81.3D§ 8.48).Each set of
items is slightly negatively skewtgCommunity college:0.53; University-0.55; Common
items:-0.37); the community college and university items have slogisitivekurtosis 8.16 and
3.61, respectively) while the common items halght negative kurtosis (2.62)he table also
shows he correlation between the common items and the total mean scores for each sample; as
shown, the correlations are very simila=(0.78 for the community college survey arwel 0.80
for the university surveyand relatively strong

Table15. Summary Statistics for Community College, University, and Common Items

Common ltems

Community College University
(Form V)

(Form X) (FormY) cC Univ.
Sample size 1,245 5,249 1,245 5,249
Number of items 12 12 8 8
Mean 80.46 81.71 31.3 32.62
SD 9.38 8.48 4,71 4.18
Skewness -0.53 -0.55 -0.37 -0.52
Kurtosis 3.16 3.61 2.62 3.24
Correlation (to Form V) 0.78 0.80 - -

In Tablel6, the resultfor the Tucketinear equating methodse shown; the table
provides the equated universityrgely equivalent scores for the community college data. For
example, if a student had a score of 10 on the community college survey, this would be
equivalent to a 10.61 on the university survBye slope (0.979) and intercept (0.820) were used
to linearlyequate all of theommunity college survey scores to equivalent university survey

Scores.
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Tablel6. Linear Equating Results: Selected Form Y Equivalents

X-Score Tucker Linear
10 10.61
20 20.40
30 30.19
40 39.98
50 49.76
60 59.55
70 69.34
80 79.13
90 88.92
100 98.71
Slope 0.979
Intercept 0.820

Note Community College n = 1,245; University n = 5,249.

Summary of Findings

Table 17 provides a summary of findings, comparing the equated scores from the
community college swey to the universitgurvey As shown, community col
perceptios of their fundamental skills in engineerigglded a mean score 8f72 SD= 0.76),
which was lower than universisgyt udent s6 per cept meamssoreofd.85t hei r s
(SD=0.71) Thisdifferencecb et ween community coll ege and uni v
was statistically significart{6,492) =-5.98,p<0.001 Communi ty coll ege st uc
of their classroom climate, however, were higherthanunsyé t y st udeMt=sd perce
4.38,SD=0.69 andM = 4.29,SD= 0.61, respectively}this difference was also statistically
significantt(6,492) = 3.74p < 0.001

Tablel17. Comparison of Community College and University Stiglént Per cept i ons

Community College University Mean Score
Equated Mean Score (s.d.) (s.d.)

Fundamental Engineering  3.72 (0.76) 3.85 (0.71)

Skills

Classroom Climate 4.38 (0.69) 4.29 (0.61)

Note Community College n = 1,245; University n = 5,249.
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These quated scores from the community college survey were then used in the HLM
analysis that follows. As suggested in Carle (2009), a sensitivity analysis comparing the equated
and norequated HLM results was conducted; results suggested that the equatsdvesult
robust and therefore the equated community college scores were used in the analysis.
2a.How are communityc ol | ege engineering studentsd perce
engineering skillsrelated to their perceptions of classroomclimate?

Commurty College HLM Results

To address this research question, hierarchical linear modklirM) was chosen due to
the nested structure of the data, i.e. students nested within institutions. HleeeWdLM
models that were used allowed the egsber to eamine variation aboth the individual and the
organzational level. All HLM analysg in this study were conducted using HLM 7 software
(RaudenbuslBryk, & Congdon, 2011 Level1 units in this analysis were the individual
students and the lev2lunits were the community collegeBor clarity, Table 18 provides a list
of all of the levell and level2 variables that were included in the HLM analyses for the
community college students, including a description of the variables and how they were denoted

in the models.
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Table18. Codebook for Variables in Community College HLM Models

Variable Description Denoted
Student Level
Gender Dummy coded variable for gender; Reference
group = Male
Male Coded: 1 = Malg0 = Fema DMALE
Race/Ethnicity Dummy coded variables for race/ethnicity;
Reference group = White
African American Coded 1 = African AmericanO = all others DBLACK
Asian Coded: 1= Asian 0 = all others DASIAN
Hispanic Coded: 1 = Hispanj® = all dhers DHISP
Other Coded: 1 = OthelO = all others DOTHER
Interaction Terms Interaction terms of dummy coded gender and
race/ethnicity variables.
Male x Black Coded: 1 = African American Mal® = all others M_B
Male x Asian Coded: 1 = AsiaMale, O = all others M_A
Male x Hispanic Coded: 1 = Hispanic Ma)® = all others M_H
Male x Other Coded: 1 = Other MaJ@® = all others M_O
Parent Education Level Dummy coded variabl es
level; Reference group = Parent Edima High
Parent Edu. Low Coded: 1 = Parent Edu. Low, O = all others DPEDULOW
Parent Edu. Mid Coded: 1 = Parent Edu. Mid, 0 = all others DPEDUMID
Discipline Dummy coded variables for engineering disciplit
Reference group = General Engineering
Biomedical Coded: 1 = Biomedical, 0 = all others CC_BIO
Chemical Coded: 1 = Chemical, 0 = all others CC_CHEM
Civil Coded: 1 = Civil, 0 = all others CC_CIVIL
Electrical Coded: 1 = Electrical, 0 = all others CC_ELEC
General Coded: 1 = Geeral, 0 = all others CC_GEN
Industrial Coded: 1 = Industrial, 0 = all others CC_INDUS
Mechanical Coded: 1 = Mechanical, 0 = all others CC_MECH
Other Coded: 1 = Other, 0 = all others CC_OTHER
OtherControl Variables
Credits Number of cormunity college credits earned to CREDITS
date
Age Current age AGE
High school GPA High school GPA HSGPA
School Level
Climate Classroom climate scale determined by EFA CLIM_CC
Dependent Variable
Fundamental Skills in Fundanental engineering skills scale determinec SKILL_CC

Engineering

by EFA

Note.At level-1, n = 1,306 students; at lev2] n =15 community colleges.
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The first step in model building was to formulate the unconditional model in which no
predictorswereadded to the modléequatiors shown in Tablel9). From this fully unconditional
model, the intraclass correlation (ICC) was calculas@l020, indicating that 2% of the
variatoni n st udentsod perceptions of fundamental el
educdional research, ICC values between 0.05 and 0.20 are common. While the ICC value for
this model was below that threshold, the statistically significant variance at the school level
(shown in Tabl&0) justified the use of HLM$nijders & Bosker1999.

Table19. HLM Models for Community College Data

Model Level-1 Level-2
Model A: SKILL_CG; = boj + rjj Poj = 200 + U
Unconditional
Model
Model B: Primary  SKILL CG; = boj + rjj Boj = 200 +
variable of interest 201*(CLIM_CQ)
(Classroom + Uo;
Climate)at Level
2
Model C: Primary SKILLCCjj = boj + b1*(DMALE;) Doj = 200 + U
variables of + by*(DBLACK;) b1j = 210
interest (race, + D3*(DASIAN;) + Da*(DHISPj)  bzj = 20
gender, interactior + b5*(DOTHER)) + be*(M_Bi) b3j = 20
of race and + br*(M_Aj) + bgi*(M_Hj) baj = 20
gender) at Level + Doj*(M_Ojj) + rijj bs; = 250

Dsj = %60

b7 = 70

Dsj = 280

Dgj = 90
Model D: Both SKILL_CGC; = boj + byj*(DMALE;) + boj = 200 +
Levetl and Level bo*(DBLACK;) + bsj*( DASIAN) 21*(CLIM_CG)
2 variables of + by*(DHISR) + + Uo
interest bs*(DOTHER) + bsi*(M_Bj) + by =210

brj*(M_Ay) + be*(M_Hy) + B2j = 20
Boi*(M_G;) + rij B3j = 30

Daj = a0

Dsj = 30

Psj = 60

b7 =270

Psj = %80
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boj = D90

Model E Added  SKILL CCj = boj + byj*(DMALE;) + Poj = 200 +
Level-1 control boi*( DBLACK;) + bsj*( DASIAN) 201*(CLIM_CQ)
covariates fumber + bsj*(DHISRy) + + Uoj
of credits earned, bsi*(DOTHER) + bsi*(M_Bj) +  b1j =210
age, parent b7i*(M_A) + bgi*(M_H;) + boj = 20
education, high boi*(M_G;) + b1oj*(CREDITS) +  bsj = 230
school GPA, b11*(AGE;) + baj = 20
discipling b1o*(DPEDULOW) + bsj = 250
b13*(DPEDUMID;) + Pej = 360
b14a*(HSGP#A) + bi5*(CC_BIQ) b7 = 90
+ b1*(CC_CHEM) + bsj = 30
b17i*(CC_CIVIL)) + boj = 290
b1s*(CC_ELEG) + P10j = 2100
b1o*(CC_GEN) + b11j = 2110
b2o*(CC_INDUS) + b12j = 2120
b21*(CC_MECH) + P13j = 0130
b22*(CC_OTHER) + rjj P14j = 2140
P1sj = 150
b16j = D160
P17 = 2170
b1sj = D180
P19j = 190
b20j = 300
B21j = P10
b20j = 320

In order to explain the significant variation found between schools, a second model was
formulated in which the classroom climate varialil&lM_CC) was addedt level2 (Model B
in Tables19and20). The change in the variance component from the unconditional model
represents the portion of the schtmischool variation that can be explathby classroom
climate. That is, the proportion of variance explained by CLIM_CC is 0.269 [(0.61187
0.008680.01187 = 0.26874indicating that 26.9% of the variation in schools can be explained
by classroom climate.

The next step in model building w# formulate a model (Model C) with only primary

Levell variables of interest, i.e. gender, race, and the interaction of race and Gemdgaring

73



the residual variance in this model to the baseline model, the proportion of variance explained at
Levell can be computed. In this case, the difference in residual variances was 0.03673
[(0.56598i 0.54519)/0.56598 = 0.03673], indicating that 3.7% of within school variadion
perception of fundamental engineering skiigs explained by including these dnles in the

model.

In Model D, the primary independent variables of intedegender, race, and the
interactions of gender and récevere added at Levdl and Classroom Climate was added at
Level2. Results from Model D indicate that male students hadinely lower perceptions of
fundamental skills in engineering16=-0.225,p < 0.10). Furthermore, Black, Asian, and
Hispanic students had significantly lower perceptions of fundamental skills in engineering than
White students (0=-0.689,p < 0.01; 30=-1.005,p < 0.001] 40=-0.457,p< 0.01,
resgectively); the tweway interactions of Male x Black §= 0.517,p < 0.05) and Male x Asian
(" 70=1.194,p < 0.001) were also statistically significant.

In the final model, Model E, the control covarigiesommunity college credits earned,
currentage, parent education level, high school GPA, and disciphere added to the model.
At Level-1, gender was marginally significantig=-0.223,p < 0.10), indicating that male
students had lower perceptions of their fundamental engineering skatk Bbo=-0.672,p <
0.01), Asianf(30=-0.943,p < 0.001), Hispanid (z0=-0.514,p < 0.001), and students in the
AOt her 0 [e=a-0.46¢,w<r0y1) ad significantly lower perceptions of fundamental
skills in engineering as comparé&é White students. In addition, all of the tway interactions
of gender by race were significant (Male x Blacks= 0.561,p < 0.05; Male x Asiar: 70=
1.055,p < 0.001; Male x Hispani¢:go= 0.325,p < 0.05; Male x Other: 9= 0.387,p < 0.05).

The control covariates of Credifsigo= 0.002,p < 0.01), High school GPA (4= 0.107p <
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0.001), and the discipline of Chemical Engineeringo= 0.488,p < 0.01) were also significant
predictors of perceptions of fundamentallskn engineering. The disciplines of Electrical
Engineeringf(1s0=-0.189,p < 0.10), Industrial Engineering fo0= 0.274,p < 0.10), and

A Ot hre2n=d.195,p < 0.10) were marginally significanp € 0.10). At level2, the classroom
climate variable was marginally significarito¢= 0.133,p < 0.10), indicating that a more
positive perception of classroom climate
skills in engineering.

Table20. Results of HM Analysis for Community College Data

Model A ModelB ModelC ModelD Model E

Fixed Effects

Intercept, oo 3.711%** 3.324*** A4.017**  3.423** 3.353***
Climate, o1 0.088 0.136~ 0.133~
Male, o0 -0.227~ -0.225~ -0.223~
Black, 220 -0667**  -0.689** -0.672**
Asian, 30 -0.993***  -1.005*** -0.943***
Hispanic,uo -0.462**  -0.457**  -0.514***
Other, 20 -0.311~ -0.315~  -0.464**
Male x Black,so 0.512* 0.517* 0.561*
Male x Asian,dro 1.182***  1,194***  1.055***
Male x Hispanic,aso 0.262 0.257 0.325*
Male x Other o 0.280 0.276 0.387*
Credits, 2100 0.002**
Age, 10 0.001
Parent Edu. Lowgi2o -0.081
Parent Edu. Midi30 -0.083
High school GPAD140 0.107***
Biomedical 2150 0.253
Chemical,x60 0.488**
Civil, 2170 -0.005
Electrical, o180 0.189~
General 190 -0.084
Industrial, 2200 0.274~
Mechanical 210 0.146
Other, 220 0.195~
Random Effects

Intercept,uo 0.012*** 0.009*** 0.013*** 0.006**  0.005**
Levekl,r 0.56 0.566 0.5453 0.546 0.510

Note ~p O O.10; *p OO000L0eGefln=1306l@vel@n815; ***p O
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Analysis of Model Fit

HLM hasseveral assumptions, includiadinear relationship between variab,
normality of @rors, and homogeneity of varian@daas & Hox, 20@a Raudenbush & Bryk,
2002).1n order to check for linearity between variabksatterplots of the dependent variable
and the independent variables were examinedasaatterplot ofundamental skills in
engineering andendemwascreatedBecause most of the independent variables were
dichotomous (i.e., for gender, male = 1 and female = 0), these scatterplots were not easily
interpreted for linearityHowever, &er examining thesscatterplots, this assumptiappeaged
to hold.

To check for normality of errors, aQ plot was created from the HLM residual file,
shown in Figurés. Under the assumption of normality, the data should be close the 45 degree
referencdine; in this casemast of the data pots were close to the lipgndicating that this
assumption also holds. The homogeneity of variance test for the final HLM model supported the
tenabil ity of?(14)h22261ax9.0L0M pastiherais np mdication that the
scores from students at one college waifdct those at another colleg®, the assumption of

independent observations holds.

3=

o

Expected Normal Value
T

T T T T T 1

Observed Value

Figure 6. Q-Q plot of residuals.
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Summary of Findings

As shown in the final model (Model E) in Tal#1, there was a marginally signifidan
relationship between community coll ege engine
climate and their fundamental skills in engineering, such that a higher, or warmer, perception of
classroom climate was associated with a higher perception nfuhdamental skills in
engineering. Although there was significant variation between schools, the amount of variation
was low, indicating that student level characteristics may explain more of the variation in the
association. For community college studeigender and race were both significant predictors
with male students and minority students expressing lower perceptions of their fundamental
engineering skillsAll of the interactions of race by gender were also signifidaraddition,
several engieering disciplines were marginally significant predictors, including chemical,
electrical, and industrial engineering.
2b.Howareuni ver sity engineering studentso6 percept
skills related to their perceptions of classram climate?
University Student HLM Results

As with the community college data, HLM analysis wasdwith the university student
datato answer this research question. All HLM analyses were conducted using HLM 7 software
(Raudenbuskt al, 201]). Levell units in this analysis were the individual students and the
level2 units were the universitieSables 21 and 22provide codeboakof all of the levell and
level2 variables used in the university HLM models, including a description of the variallles an

how they were denoted in the models.
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Table21. Codebook fotevell Variables in University Student HLM Models

Variable Description Denoted
Student Level
Gender Dummy coded variable for gender; Reference
group = Male
Male Coded: 1 = Male, 0 = Female DMALE
Race/Ethnicity Dummy coded variables for race/ethnicity;

Reference group = White
African American Coded: 1 = African American, 0 = all others DBLACK

Asian Coded: 1 = Asian, 0 = all others DASIAN
Hispant Coded: 1 = Hispanic, 0 = all others DHISP
Other Coded: 1 = Other, 0 = all others DOTHER
Interaction Terms Interaction terms of dummy coded gender and
race/ethnicity variables.
Male x Black Coded: 1 = African American Male, 0 = all otherr M_B
Male x Asian Coded: 1 = Asian Male, 0 = all others M_A
Male x Hispanic Coded: 1 = Hispanic Male, 0 = all others M_H
Male x Other Coded: 1 = Other Male, 0 = all others M_O

Parent Education Level Dummy coded variabl es
level, Reference group = Parent Education High

Parent Edu. Low Coded: 1 = Parent Edu. Low, 0 = all others DPEDULOW

Parent Edu. Mid Coded: 1 = Parent Edu. Mid, 0 = all others DPEDUMID
Discipline Dummy coded variables for engineering disciplit

Refererwe group = General Engineering

Biomedical Coded: 1 = Biomedical, 0 = all others S BIO

Chemical Coded: 1 = Chemical, 0 = all others S CHEM

Civil Coded: 1 = Civil, 0 = all others S CIVIL

Electrical Coded: 1 = Electrical, 0 = all others S ELEC

General Coded: 1 = General, 0 = all others S GEN

Industrial Coded: 1 = Industrial, 0 = all others S INDUS

Mechanical Coded: 1 = Mechanical, 0 = all others S MECH

Other Coded: 1 = Other, 0 = all others S OTHER
Other Control Variables

Age Current age AGE

SAT Score SAT score SATCOMPO

Dependent Variable
Fundamental Skills in Fundamental engineering skills scale determine SKILL_CC
Engineering by EFA

Note. At levell, n = 5,406 studds
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Table22. Codebook for Leve? Variables in University Student HLM Models

Variable Description Denoted
School Level
Climate Classroom climate scale determined by EFA CLIM_U
University Size Dummy coded variable for university size;
Reference group = Largeiversity
Small Coded: 1 = Small, O = all others DSMALL
Medium Coded: 1 = Medium, 0 = all others DMEDIUM

Highest Degree Offered Dummy coded variable for highest degree offere
Reference group = Research Institution

Bachel or s Coded:1=Bchel ordéds, 0 = a DBACH
Masteros Coded: 1 = Masterés, (DMASTERS
Sector Dummy coded variable for university sector;
Reference group = Private
Public Coded: 1 = Public, 0 = all others DPUBLIC

Dependent Variable
Fundametal Skillsin ~ Fundamental engineering skills scale determinec SKILL_CC
Engineering EFA
Note At level-2, n = 31 universities

First, an unconditional model was formulated in which no predictors were added to the
model, as shown in Tabi3. From this nodel, the ICC was calculated as 0.051, indicating that
5.1% of the variation in university students?od
between schools. Although this value is low, in educational research ICCs between 0.05 and 0.20
are comma (Snijders & Bosker1999. The ICC value and significant variance at the school
level justified the use of HLM.

Table23. HLM Models for University Student Data

Model Level-1 Level-2
Model A: SKILLS_U = bgj + rj Boj = 200 + U
Unconditional

Model

Model B: SKILL _Uj = boj + rj boj = 200 + 201*(CLIM_U))
Primary variable + Uo;

of interest

(Classroom

Climate)at

Level2

Model C: SKILLS_U = boj + byj*(DMALE;j) Boj = 200+ Uo;
Primary + Dy*(DBLACK;) D1 = 20

79



variables of + Dg*(DASIAN;) b2j = 20

interest (race, + Ds*(DHISP;) bsj = 30
gender, + bs*(DOTHER) + bs*(M_Bijj) baj = 20
interactions of + b7*(M_Ajj) + bgi*(M_Hj) bsj = 250
race and gender) + boj*(M_Oj) + rjj Pej = 0
at Level2 b7 = 970
bsj = %0
Doj = 0
Model D: Both  SKILL_Uj = boj + by*(DMALE;) + Poj = 200 + 201*(CLIM_U))
Levell and boi*( DBLACK;) + + Uo
Level2 variables b3*(DASIAN) + bsj*(DHISPj) by =210
of interest + bs*(DOTHER)) + bsi*(M_B;j)  b2j = 220
+ b7 *(M_Ayj) + bg*(M_Hij) +  Bsj =0
Boj*(M_G;) + ri Baj = 210
Dsj = 350
Psj = 60
b7 =270
bsj = 280
Doj = 390
Model E Added SKILLS_\j = b + b1*(DMALE;) + boj = 200 + 201*(CLIM_U))
Level1 control b2*(DBLACK;) + + Uoj
covariatesdge, b3*(DASIAN) + bsj*(DHISRj) by = 210
parent educatn + bs*(DOTHER) + bei*(M_Bj) b2 =20
level, discipline, + br*(M_Ay) + bg*(M_Hj) + b3j = ;0
SAT score) Doj*(M_G;) + bio*(AGHE;) + D4j = ;o
b11*(DPEDULOW) + Bsj = 20
b1o*(DPEDUMID;) + Dsj = 260
b13*(S_BIQ) + b7 = 270
D14*(S_CHEM) + bsj = 280
bis*(S_CIVIL) + Boj = 900
bie*(S_ELEG) + b10j = 2100
b17*(S_GEN) + b11j = 2110
b1g*(S_INDUS) + D12j = 9120
b1o*(S_MECH) + b13j = 2130
boo*(S_OTHER) + D14j = 2140
bzlj*( SATCOM P@) + I b15j = 150
P16j = D160
b17j = 2170
P1sj = D180
b19j = D190
B20j = 200
b21j = 10
Model E Added  SKILLS_U = by + by*(DMALE;) + Poj = 200 + 201*(CLIM_U)
Level2 control bo*(DBLACK;) + + 202*(DSMALL) +
covariates (size, bs*( DASIAN) + bs*(DHISP;) 203*(DMEDIUM;) +
+ bsj*(DOTHER) + bs*(M_B;) 2#(DMASTERS
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highest level of + b7 (M_Ay) + bgi*(M_H;) + +

degree, sector) bei*(M_GOy) + bio*(AGE;) + 205*(DBACH) +
b11*(DPEDULOW) + 26*(DPUBLIC) +
b12*(DPEDUMID;) + Uoj
b13*(S_BIQ) + b1j = 210
b14*(S_CHEM) + boj = 20
bis*(S_CIVIL) + b3j = ;0
bis*(S_ELEG) + baj = 20
b17*(S_GEN) + bsj = 250
b1g*(S_INDUS) + Pej = 360
b19j*(S_MECH) + b7j = 970
b2o*(S_OTHER) + bsj = 30
b21*(SATCOMPG@) + rjj boj = D90

b10j = 2100
P11j = 2110
b12j = 2120
P13j = 2130
D14j = 2140
P1sj = 150
b16j = D160
P17j = 2170
b1sj = D180
P19j = D190
B20j = 300
B21j = P10

To help explain this significant variation found between schools in the unconditional
model, another model was foulated in which classroom climate (CLIM_U) was added to the
model at level (Model B in Table24). In looking at the change in variance component from the
previous model, the proportion of variance explained by CLIM_U is 0.228 [(0.02092157)/
0.02P5 = 0.22826). This indicates that 22.8% of the variation in schools can be explained by
classroom climatdn Model C, only the primary Level variables of interest, i.e. gender, race,
and the interaction of race and gender, were included. The diffareredual variance
between this model and the unconditional model was 0.02233 [(0.512180331)/0.51481 =

0.02233; that is, 2.2% of the within school variation was explained by these variables.
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Table24. Results of HLM Angkis for University Student Data

Model A ModelB ModelC ModelD ModelE ModelF

Fixed Effects

Intercept, oo 3.759*** 3,120*** 3.614*** 3.049** 2533*** 2.380**
Climate, 1 0.145* 0.127* 0.085 0.11%
Small, 22 0.174
Medium, 23 0.100-
Mastersoa -0.063
Bachelorspos -0.009
Public, e -0.036
Male, 210 0.237***  0.238*** (0.223** (0.22F**
Black, o0 -0.191 -0.172 -0.133 -0.145
Asian, %o -0.048 -0.048 -0.013 -0.010
Hispanic,uo -0.090 -0.091 -0.048 -0.046
Other,20 -0.045 -0.039 0.002 -0.002
Male x Black,%%o 0.189 0.195 0.136 0.154
Male x Asian, 70 0.052 0.050 0.057 0.059
Male x Hispanicso 0.032 0.029 0.023 0.030
Male x Otherpyo -0.123 -0.127 -0.051 -0.045
Age, d100 0.014***  0.014**
Parent Edu. Lowgi1o -0.142 -0.142
Parent Edu. Midi2o0 0.006 0.006
Biomedical 2130 0.714* 0.708&
Chemical, 2140 0.713*  0.71C
Civil, 2150 0.714*  0.71%F
Electrical, 2160 0.813**  0.810*
Generalpi7o -0.055 -0.055
Industrial, 2180 0.767*  0.765*
Mechanical o190 0.859**  (0.856*
Other, 200 0.908***  0.913**
SAT, 210 0.001***  0.00F**
Random Effects
Intercept,uo 0.028*** (0.022*** 0.023** 0.019*** 0.018** (0.012***
Levekl,r 0.515 0.515 0.503 0.503 0.458 0.458
Note ~p O 0.100 ©6p0OD; 0* PeSepln® 5,406 [B\E n =31

In the next model, Model D, the levglvariables of gender, race, and the interaction of
gender and race, were added to the model at-leaed classroom climate was added at l2vel
Results fronthis model indicate that male students bagnificantly higher perceptions of their
fundamental engineering skills10= 0.238,p < 0.001). Black, Asian, and Hispanic students had

lower perceptions of fundamental skills in engineering compared tee\Wtitlents, but the
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differences were not significaritzp=-0.172,p= ;[ 30=-0.048,p = ,[ 40=-0.091,p =,

respectively). In addition, none of the interactions between gender and race were significant
predictors. Classroom climate (CLIM_M)as posi ti vely associated wif
their fundamental engineering skiltso{= 0.127,p < 0.05), indicating that a higher perception of
classroom climate was associated with a higher perception of fundamental skills in engineering.

In ModelE, the levell control covariates were added to the nhoglender, race, the
interaction variables, parent education level, and discipline were added as uncentered variables,
while age and SAT score were added as group mean centered varialeliesotitolling for
these variables, gender remained a significant predicter 0.223,p < 0.001), with males
reporting a higher perception of fundamental engineering skills. None of the gender or
interaction variables were significant predictdrse control variables of ageipo= 0.014,p <
0.001) and SAT scores£10=0.001,p < 0.001) were both significant. In addition, all of the
engineering disciplines, except General Engineering, were significant (Biomedigal0.714,

p < 0.05; Chemical: 140= 0.713,p < 0.01, Civil;l 150= 0.714,p < 0.01; Electical:[ 160= 0.813,
p < 0.01;Generalf 170=-0.055,p = 0.878;Industriall 180= 0.767,p < 0.01; Mechanical: 190=
0.859,p < 0.001; Other: 200= 0.908,p < 0.001). Parent education level, however, was not a
significant predictor (Parg Education Lev:[ 110=-0.142,p = 0.14% Parent Education Mid:120
=0.006, p= 0.812.

In the final model, ModeF, the level2 control variables adchool size, highest degree
offered, and school type,ere added to the model. At levklgender was significantindicating
thatmaleshadhigherperceptions of their fundamental engineering skills= 0.221,p <
0.001) None of the race variables or the interaction variables of race and gender were significant

predictors. The control varids of agef(100= 0.014,p < 0.001) and SAT scoresAo0= 0.001,p
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< 0.001) were both significant in this model as well. Similar to the previous model, all of the
engineering disciplines, except General Engineering, were significant (Biomedigal0.708,

p < 0.05; Chemical 140= 0.710,p < 0.05, Civil;l 150= 0.713,p < 0.05; Electricall 160= 0.810,

p < 0.01;Generalf 170=-0.055,p = 0.869; Industrial} 180= 0.765,p < 0.01; Mechanicaf: 100=
0.856,p < 0.01; Otherl 200= 0.913,p < 0.001).In addition, parent education level was not a
significant predictor (Parent Educationdzd’ 110=-0.142,p = 0.133 Parent Education Mid:120

= 0.006,p = 0805).

At level-2 in the final model, classroom climate vgagnificantly associated with
fundamental skills in engineeringog = 0.119,p < 0.05), such that the higher the perception of
classroom climate the higher the student perceived his/her fundamental skills in engiiéering.
highest degree offereddte uni versity (bachel orés, master 6s
predictor; similarly, the type of university (public vs. private) was also not significant. School
size, specifically being a medium school, was marginally signifi¢agt(0.10Q p < 0.10).
Analysis of Model Fit

As with the community college data, the HLM assumptions were checked for the
university student data. To reiterate, HLM lsaseralassumptions: knear relationship between
variables, normality of errors, homogenesfyariance, and independence of observatibttesas
& Hox, 2004a Raudenbush & Bryk, 2002\fter examining the scatterplots of the dependent
and independent variables, the assumption of a linearity appeared ta BIQ.plot (Figure?)
was created frorthe HLM residual file to check for normality of errors. Most of the data points
wereclose to the 45 degree linedicating that this assumption also holds. The homogeneity of
variance test for the final HLM model supported the tenability of this assampti(30s=

572.801, p < 0.001).
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Expected Nornmal Value

- ) ! Observid Value1I 2 3
Figure 7. Q-Q plot of residuals
University Student HLM ResultsProgram as LeveP
In the previous analysis of university student data, the-lewglits were the individual
students and thlevel2 units were the universitiel looking at the results of this analysis, each
engineering discipline, except for general engineewas, a significant predictor. Thus, an
additional HLM analysis was conducted with the leXeinit as the studebts engi neer i ng
program, e.g. a chemical engineering departmeatattairuniversity is considered a program.
As with the previous HLM analysis, the same modeling building prqdedse25) was
followed and the results are shown in Talfle The uncontdional model, Model A, yielded an
| CC of 0.126, indicating that 12.6% of the va
fundamental engineering skills was betweengrams This ICC valudor the previous model
(0.051) was much lowesuggesting thgprogram may be theostappropriate leve? unit of

analysis. The ICC value for this modelpng with the significant variance component at the

school level justified the use of HLM.
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Table25. HLM Models for University Stuae Datai Program at LeveR

Model Level-1 Level-2
Model A: SKILLS_T = boj + rjj Boj = 200 + Uo;
Unconditional Model
Model B: Rimary SKILLS_T = boj + rjj Boj = 200 +
variable of interest 201*(CLIM_T;)
(Classroom Climate) + Ugj
at Level?2
Model C:Primary  SKILLS_T = by + by*(DMALE;) + by*(DBLACK;) + Bo; = 0 + Uy,
variables of interest bs*(DASIAN) + bs*(DHISPR) + D1j = 210
(race, gender, bs*(DOTHER) + be*(M_B;) + B2j = 220
interactions of race b7*(M_Ay) + bg*(M_Hj) + bo*(M_Qy)  bsj =230
and gender) at Level + Baj = o
1 bsj = 250
Dsj = D0
b7 =70
DPsj = 380
Boj = 200
Model D: Both SKILLS_T = by + by*(DMALE;) + by*(DBLACK;) + Boj = %00 +
Levell and Level bs*(DASIAN) + by*(DHISP) + 22*(CLIM_T)) +
variables of interest bs*(DOTHER) + be*(M_B;) + Uoj
b7*(M_Aj) + Bg*(M_Hj) + be*(M_Oy)  bByj = 210
+ [ b2 = 20
Dsj = 230
D4 = 2o
fsj = 250
Dsj = %60
07 = 970
bsj = 280
Dgj = %0
Model E: Added SKILLS_T = byj + b1j*(DMALE;) + by*(DBLACK;) +  boj = 200 +
Level1 control bsi*( DASIAN) + bsj*(DHISPR)) + 201*(CLIM_T;) +
covariates (age, bs*(DOTHER) + be*(M_B;) + Uoj
parent eduation br*(M_Ayj) + bg*(M_Hj) +Bo*(M_Qy)  baj =10
level, SAT score) + P1oj*(AGE;) + b1y*(DPEDULOW) + by = 20
b12*(DPEDUMID;) + b3 = 30
b13*(SATCOMP®) + rij D4j = Mo
Dsj = %50
Bsj = %60
b7 = 970
Dsj = 280
Boj = 290
P1oj = d100
P11j = d110
P12j = 2120
D13 = J130
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In Model B, classroom climate wadded as the only predictor at lex&e[The change in
variance from the unconditional mddedicated that 6.7% of the variation in program can be
explained by the classroom climate variable. In Model C, only the primary-lLexagiables of
interest, i.egender, race, and the interaction of race and gender, were included. The difference in
residual variance between this model and the unconditional model sihae$td% of the
within program variation was explained by these léveariables.

In the nexmodel, Model D, the level variables of gender, race, and the interaction of
gender and race, were added to the model atlesed classroom climate was added at l@vel
Results from this model indicat¢hat male students has significantly highercpgtions of their
fundamental engineering skills1p= 0.586,p < 0.001). As shown in Tabled2none of the
variables forgender or interactions of gender and race were significant.

Table26. HLM Analysis for University Student Data with Program as L-@vel

Model A Model B Model C Model D Model E

Fixed Effects

Intercept, oo 11.188***  9.305*** 10.778**  8.901*** 9.190**
Climate, 1 0.056* 0.055* 0.049
Male, 210 0.588** 0.586*** 0.677**
Black, 220 -0.392 -0.385 -0.168
Asian, %o -0.098 -0.054 -0.008
Hispanic, o -0.172 -0.178 -0.018
Other, %0 -0.158 -0.173 -0.052
Male x Black,so 0.518 0.548 0.304
Male x Asian,J70 0.133 0.090 0.132
Male x Hispaniceo 0.059 0.062 -0.011
Male x Otherpyo 0.026 0.048 -0.104
Age, a100 0.044*
Paent Edu. Lowpi1o -0.43%4
Parent Edu. Midgi20 0.048
SAT, 210 0.002**
Random Effects

Intercept,uo 0.61321*** 0.57239*** (0.57988*** 0.54308*** (.55153***
Levell,r 4.24147 4.23461 4.18190 4.17445 3.97437

Note ~p O 0QB,0;* *p @ O.,;ddvellr="5406LeGel20n =073 1
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In the final model, Model E, the levé&lcontrol covariategarent education leviehge,
and SAT scorewere added to the moddifter controlling for these variables, gender remained a
significant predictor[(10= 0.677,p < 0.001), with males reporting a higher perception of
fundamental engineering skillslone of the gender or interaction variables were significant
predictors. The control variables of agecp= 0.044,p < 0.01), AT score [ 22.0= 0.002,p <
0.001), and parent education lgw {p=-0.434,p < 0.05) were significant. The middle parent
education level, however, was not significank¢= 0.048,p = 0.717).
Summary of Findings

For the university stdents,wo HLM analyses were conduct&ane with institution as
the level2 unit and one with engineering program as the {2uahit. The results of the initial
final model, with thenstitution as leveR, (Model F in Table &) indicated a significant
relatonshp bet ween university studentsd perception
fundamental skills in engineering, such that a higher, or warmer, perception of the classroom
climate was associated with a higher perception of their fundamental skillsmeemgg. For
these students, the individual characteristic of gender was a significant predictor, while race and
the interaction of gender by race wau. In contraswith the community college students, male
studentsn universities had higher perceptis of their fundamental skills than female students.
All of the engineering disciplines, aside from general engineering, were significant. This result,
along with support from thetérature Knight et al., 2012; Lattuca et a010, led toan
additiond HLM analyss with engineering program as the le2alnit.

As shown in Table6, the final mode(Model B indicated thaperceptiorof classroom
climate was significantly, positively associated with perception of fundamental skills in

engineeringThe ICC value for this analysis was comparatively high, indicating that a relatively
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large proportion of the variation in this association was between programs. Again in this model,
gender was the only significant predictor for university students; racdamakéraction of
gender and race were not significartte control variables of age, SAT score, and low parent

educational background were also significant predictors.
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Chapter 5: Discussion and Conclusions

In thisstudy, the focusvason the clasroom climate of engineering students in the
context ofeithertheircommunity college or their fowyear universityThe purpose of this study
wast o examine engineering studentsoO perception:
perceptions are relatdéo fundamentagkills in engineeringThis chapter of the dissertation
includes a summary of the key findingsscussion and implications of these findings
limitations,areas for future researds well agonclusiors.
Summary of Findings

To addresshe firstset ofresearch questiann this study, an exploratory factor analysis
(EFA) was conducted on both the community college and university student sutfteys.
determining constructs for perceptions of classroom climate and fundamental engiskidsn
throughthis analysisthe scores from the community college survey were linearly equated to the
scores of the university survey to allow for comparisons. Results indicated that university
students had higher perceptions of their fundamental eeginy skills as compared to
community college students. Community college engineering students, however, perceived their
classroom climates as warmer than university engineering students.

To address the second set of research questions regarding thatiassbetween
classroom climate and fundamental engineering skills, hierarchical linear modeling (HLM)
analyses wereonductedFor the community college students, a warmer perception of classroom
climate was associated with a higher perception of fuedéahengineering skill#\lthough
there was significant variation between schools, the amount of variation was low, indicating that
student level characteristics may explain more of the variation in the assodatioa.

individual level, gender and raavere significant predictors, with males and minority students
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expressing lower perceptions of their fundamental engineering skills; the interactions of gender
and race were all significant as well, indicating that the associagioveen gender and

percetions of fundamental engineerisgills depends on racén the community college model,
only a few disciplines were significant predictors.

Similar to the community college students, for the university students, a warmer
perception of classroom climates associated with higher perceptions of fundamental
engineering skills. At the individual level, only gender waggnificant predictor, while the
maineffects of racandtheinteraction effects of gender and race were not signifi¢ant.
contrasg with the community collegeesults male students in universities had higher perceptions
of their fundamentaéngineeringskills than female studentall of the engineering disciplines,
aside from general engineering, were significant. This result, alongupibort from the
literature Knight et al., 2012; Lattuca et aPp10, led toanadditionalHLM analyss with
engineering program as theyhest unit

As with the previous two models, for the university student analysis with program as the
highest leve a warmer perception of classroom climate was associated with higher perceptions
of fundamental engineering skills. Results from this model indicated that the highest percentage
of variation in fundamental skills in engineering was at the program legalin in this analysis,
at the individual level, only gender wasignificant predictor, while the magffects of race and
theinteraction effects of gendand race were not significanteBults suggested that male
university engineeringtudents had gher perceptions of their fundamental engineering skills as

comparedo female engineering students.
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Limitations

As with any research involving survey data, th@ezeseveral limitations to the current
study. For one, this studyas focusean selfrepated, indirect measures of information from
students regarding their perceptions of classroloimateas well as their selfeported skills and
abilities; this could influence the results
with ther actual abilities. Direct measures, such as administering a math exam to measure math
ability or obtaining college transcripts for GPAs, could strengthen the generalizability of a study,
but are often not part of a feasible study design and researckessHreported variables as
proxies fFredricks & McColskey, 2012Pike, 1995). Some researchers (e.g. Kuri@eddé, &
Thomas, 2005) have found that sedported variables, such as GPA, are more valid for students
with higher ability; however, other rearchers support the use of selported data when direct
measures are not available (Fredricks & McColskey, 2012; Pike, 1995).

Another limitation of this study was the response rate for the survey, which was about
15% for the tweyear student data ari$% for the fouyear student data. Although this is not
uncommon in survey research to have a low responseP@te(, & Umbach, 2006; Sax,
Gilmartin, & Bryant, 2003 this may also influence the generalizability of the results. The
students who chose tespond to the survey may have attributes that are different than the
general population of engineering undergraduate students at the time, a concept known as
selection bias/nenesponse biafPedhazur & Schmelkin, 19R1To account for this limitation,
researchers in the original P2P study applied sample weights and imputed data, techniques that
weredescribed in more detail in Chapter 3 of this dissertation.

In addition, the study design was craesxtional, allowing for observations at only one

pointin time. Because of this, causal inferences are limited in a-sez$®nal designLéevin,
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2006 Pedhazur & Schmelkin, 1991 astly, data for this study was collected as part of another
research study mentioned earlier, P2P. The current study tharefoheedsecondary data
analysis, limiting the researcher to the variables available in the dataset.

In analyzing the community college data through HLM, the small sample size may have
also been a limitation. With only 15 community colleges serving asigivest nested unit, the
resulting standard errors may have been bidged$& Hox, 2004h. As a rule of thumhyiaas
and Hox (2004psuggest that if researchers are interested in contextual effects, as was the case
in this dissertation, it is best to 80 or more groups; if the researchers are interested in the
fixed effects only, 10 groups will suffice. The small sample size at the group level does not,
however, affect the coefficients (Maas & Hox, 2005).

Discussion

The discussion dfey findings stnmarized aboveés organized around three main topic
areado which the results can be appli€tl) Conceptual FramewoyK2), Engineering
Education and(3) Engineering Education Researdi each of these areas, the results of the
study aranterpreted byhe researcher and supported by literature.

Discussion:Conceptual Framework

In all of the hierarchical linear models in this studbsults indicated that a warmer
perception of classroom climate was associated with a higher perception of fundamental
ergineering skill® a finding that supports and extends fkerdture on stereotype threat. As
described in the literature reviewiegeotype threat was first defined by Steele and Aronson
(1995) as fndbei ng a tcharacterigtic, arfi@gtci ovnef isrtneirnego,t yapse saeb
gr oup o Theconcépboisjereotype threat was developed through a series of studies in

which various groups of students were given standardizes) peistr to taking the tests, students
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were told that th@urpose of th test was either: (1) a diagnostic measure of their intellectual

ability, (2) a nordiagnostic test, or (3) a challenge t&3teel & Aronson, 1995 Results of these
studies indicated théack students performed worse on the test when told it wagaabéc

measureof intellectualability (i.e. the stereotype conditigrjut perbrmed the same as white

students under the other two conditigBseel & Aronson, 1995Although most studies of

stereotype threat are conducted at the individual levgl$teel, 1997; Steel & Aroons, 1993,

in this study, the concept was used in support of classleeehassociations. A chiller

classroom climate, in a sense, was a measure of a stereotype threat condition, which in this study
was associated with lower eeptions of fundamental skills in engineering.

In order to create engineering classroom climates that are low in stereotype threat, or
warmerin climate, Steelel997) had severarecommendationsncluding:(1) positively
affirming t hialtosathieve m the sulgectp(2) assigning all students challenging
assignments, which may reinforce to the student that he or she has potential and isabt view
through a stereotypical l ens, (3) emphasi zing
intellectual potential, and (4) valuing multiple perspectives and approaches in the clagsroom
reducing stereotype threat at the classroom level, students in this climate may have higher
perception of thie abilities, which could encourage persisteit engineering.

I n this study, Terenzini andcuppoedtronds (200
methodological concerns regarding predictive and control variables to include in the statistical
models As suggested i n t he dharaxtaristwsoandiexperiencasd ent s 6
shape theimteractions with their environment, and peers and faculty in that environwielet,
in college As such, in this study, the sociodemographic traits of gender, race, the interaction of

gender and race, currergeg as well as parent education level were included as predictors in the
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modelsl n addition, studentsd academic preparatio
GPA for community college students and SAT scores for the university students, were also
controlled for in the statistical analyses.

Results from this study supported Terenzin
in that, for the community college models, gender, race, and the interaction of gender and race
were all significant prediots; age and parent education level were not significant. The initial
university student models also provided support for this theory given that gender, race, current
age, and SAT scores were significant predictors, while parent education level andrtetiont
terms were not. With program as the highest nested level for the university models, gender, age,
and parent education level were significant, while race and the interaction terms were not, again
supporting this cong#ual framework. Although notlaof the sociodemographic variables and
variables related to studentsd acaldrenamiand pr ep a
Reasonds (2005) framework identifies a broad
outcomes, but does natgscribe which to apply in a given scenario.
DiscussionEngineering Education

Results from this study indicated that university students had higher perceptions of their
fundamental skills in engineering as compared to community college studevigusresearch
suggests that many engineering community college students, as well as engineering transfer
students, have to complete a lovi@rel math course before taking a colldgeel calculus
course (Terenzini et al., 2014), which could explain the I@peeceptions of their fundamental
engineering abilities. In a qualitative study of engineering transfers, Mobley, Shealy, and
Brawner (2012) found that one reason students began their studies at another institution was

because they were originally deniedraslsion to their current university; if community college
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students were originally denied admission to a university, this could also explain their lower
perceptions of their fundamental engineering skills.

Community college engineering students in gtigly, however, perceived their
classroom climates as warmer than university engineering students. As noted in the literature,
engineering classrooms are often characterized asmoateed and competitive, in some cases
Sso much so thatedohey asaystemsn( 8eymwer & Hewit"
introductory engineering class at a research university is likely to be large and-batad;
which some students may not respond well to (Terenzini, Cabrera, Colbeck, Parente, &
Bjorklund, 2001) At community colleges, class sizes are generally smaller, especially compared
to introductory courses at universities (Townsend & Wilson, 2006), which may contribute to the
perceptions of a warmer clasemclimate.

In addition to the significant variatn between schools or programs in the HLM analyses,
there was significant variation in student level characteristics in predicting perceptions of
fundamental skills in engineering. For the community college studbets)jteractions of gender
and race waex all significant, indicating that the association between gender and perceptions of
fundamental engineering skills depends on race. For the university students, only gender was a
significant predictor, while the main effects of race and the interactiectebf gender and race
were not significant. The significant interaction effects for the community college sample could
be attributed to the diversity of the sample (i.e. 23% Hispanic and 16% African American);
likewise, the nonsignificant interactionfects for the university sample could be attributed to the
relatively few students in certain race categories (i.e. 11% Hispanic and 4% African American).

In the university sample, ate studentseportechigher perceptions of their fundamental
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engineeringskills than female studentahich is consistent with the literaturdil| et al., 2010
Marra, Rodgers, Shen, & Bogue, 2009
Discussion: Engineering Educatidtesearch

In modeling the association between classroom climate and fundamental skills in
engireering for university students, the first analysis was conducted with the institution as the
highest nested unit. The results showed that all of the disciplines were significant predictors
perceived fundamental engineering skil&sading to another metiwith discipline as the highest
nested unifi.e. the biomedical engineering discipline within the universR@sults from this
model indicated that a higher percentage of variation in fundamental skills in engineering was at
the program level, rathéinan the institution level. This suggests that in future hierarchical
modelinganalyses, the variation in programs may be more meaningful than the variation found
between universitieg:his finding is in line vith previous research, described beldt itis
unique in that contributes supporting results from HLM analyses.

Previous research supports studyindedénces in engineering program speciakies
opposed to engineering departméstblools as a whold déttuca et al.2010;Knight et al., 2012
Smart, Feldman, & Ethingtqr200Q . These st udi e s(19a7)theorypotii | t on H
occupations and environmis, in which Holland theorizes that people chose a given occupation
based onheir personality type categorized &%) realistic,(2), invesigative, (3) artistic(4)
social, (5) enterprising@nd (6)conventional As suggested by the theory, people tend to flourish
in a work environment that closely aligns with their personality type and abiteart et al.
(2000) applied this theory taugly academic fielda n d f alwrdd d&nt evi denceét h
in academic departments, classified according to the six academic environments proposed by

Holland, differ in ways theoretically consistent with the postulates of Holland's theofyp . 8 3
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Their findings indicate that studying academic environments in terms of lbedadories, such
as fiengineeringodo or fApsychologyo may mask var
disciplines.

Lattuca et al(2010)also appliedHo | | and 6 s deytpexdming wariations ino r
engineering faculty member soé6 r espmplyingdatat o c ha
from 1,272 faculty members in 203 engineering programs across 39 universities, they found that
Adi sciplinary entYi facmemtss i ar & hiappomgt dracul ty
behaviors while also suggesd the value of analysis at the subdiscipline level whenever
possibleo (Lattuca et al., 2010, p.37).

This study also contributed to engineering education research in thaghhmultiple
EFAson data from both community colleges and fgaar universitiesa scale for measuring
Classroom Climate was validate&lthough ®veral other scales exist, such as the Perceived
Chilly Climate for Women Scale (Pascarella et al., 128id) the Perceived Chilly Climate Scale
(Janz & Pyke, 2000}his studypresente succinct scale focusing on how women and minority
students are treated in the classroom.

Areas for Future Research

In this study, the design was cresectional, allowindor observations of classroom
climate and fundamental skills in engineering at only one point in time. Because of this design,
causal inferences were limiteldevin, 2006 Pedhazur & Schmelkin, 199 uture research in
this area coulthefocusedon the lomgitudinal effects of classroom climate and other student
outcomes, such as persistence in enginednnggrticular, researchers could track students who

begin their engineering degrees at community college and continue to a degree-gearfour
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universty, observing how their perceptions of their engineering abilities and classroom climates
change over time.

Another possible area for future research is studying classroom climate, especially in
community colleges, through the lens of intersectiondiltytersectionality is a theoretical
framework for understanding how multiple social identities such as race, gender, sexual
orientation, SES, and disability intersect at the micro level of individual experience to reflect
interlocking systems of privleggnd oppr es si o n é-structutalleeed magBo wl s @ C i
2012 p.1267). Although only addressed briefly in this study through the use of interaction
terms, the framework of intersectionality was supported by the significance of these interactions
for the community college studentsidre were ngignificant interaction effects in the
university samplehowever there are other aspects of intersectionality that were not addressed
here, such as gender and SES group, which may have played a rolenivénsity sample.
Conclusions

In this dissertation, the focugason the classroom climate of engineering students in the
context ofeithertheircommunity college or their fowyear university Previous research on the
classroom climate for STEM majossggests that women and minorities may experience a
Achil |l y dndithmeasseoom umwettomintis negative climate may in turn have an
i mpact on a student s s uc c elThespurpose ofpthesrsteidyast e n c e
toexamne ngi neering studentso6 perceptions of thei
perceptions are related fitndamentaskills in engineering.

Results from this study indicated that perceptionsngfineeringability were related to
classroom climate, such thaarmerclimates wereassociated withigherperceptions of abty,

supporting the importance of climate in engineering classradBynereating a warmer classroom
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climate students may have higher perceptions of tegineering abilitiesvhich could povide

the neededeassuranct persist in engineeringresults also indicated that community college
engineering classroontsnded to have armer climates than university engineering classrooms
This finding ispromisingin that students at community aadies may be encouragedpursue
engineering based on the climatdthough this study was limitebly its crosssectional design,
future studies could expand on this study to explore community college students longitudinally

to see if their perceptions ofimate change once they transfer to a fgear university.
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I_ Preparing the Engineer of 2020
Community and Two-Year College Survey

1. How likely is it that you will transfer to a four-year college or university and enroll in
a bachelor's degree program in engineering?

O Definitely will

@ Prohably Wil If you have answered "Probably won't" or "Definitely won't" you
O Not sure have given us the information we need. Please return the survey
O Probably won't in the enclosed envelope. There is no need to complete

© Defiritely won't additional questions.

PERSONAL INFORMATION

2. Number of community or two-year college credits earned to date (including current
registration):

credits

3. In what engineering field are you most likely to get your bachelor's degree?

O Haven't decided O General engineering or engineering science
O Bio-medical/bio-engineering O Industrial engineering

O Chemical engineering O Mechanical engineering

O Civil engineering O Other engineering discipline (please specify):

O Electrical engineering

4. Have you attended any other colleges or universities prior to this one?
O No, this is the first college | have attended.
O Yes, | attended another two-year college
O Yes, | attended a four-year college or university
O Yes, | attended a vocational school (truck driving school, cosmetology, etc.).

5. What is your gender?

O Man

O Woman
6. How old:
a. Are you now? years
b. Were you when you first entered college anywhere? years
c. Were you when you entered this community or two-year college? years
d. Do you think you will be when you complete your bachelor's degree? years

| 25295277176 1
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-

7. Are you: (select all that apply)

O African American O Caucasian

O Asian American O Foreign national (i.e., citizen of another country)

O Hispanic/Latino/a American O Naturalized U.S. citizen

O Native American

O Other (please specify):

8. What is the highest level of formal schooling
that you and each of your parents/guardians
have competed? (Mark ONLY ONE oval per
column).

You

Mother/
Guardian

Father/
Guardian

a. Did not finish high school

b. High school graduate/GED

c. Attended college but did not receive a degree

d. Vocational/technical certificate or diploma

e. Associate or other 2-year degree

f. Bachelor's or other 4-year degree

g. Master's degree (M.A., M.S., M.B.A., etc.)

h. Doctorate degree (Ph.D., J.D., M.D., etc.)

co|o0o|lO0O|]O|O|O|0O]|O

c|o0ojfO0O|]O|O|O|0O]|O

o|o0o|lO0O|]O|O|O|0O]|O

9. Did you take the SAT or ACT tests? (Please select all that apply.)

O No. | did not take either exam.

O Yes, | took the SAT exam, and my scores were approximately:

SAT Critical Reading |:|:|:| SAT Writing |:|:|:| SAT Math D:D

O Yes, | took the ACT exam, and my Composite score was approximately: |:|:|

10. What wasl/is your approximate overall academic average in high school and community or

two-year college?

Community
High or Two-Year
School College

a. 1.49 or below (below C-) (o) (e}
b. 1.50-1.99 (C-to C) (0] o
c. 2.00-2.49 (CtoB-) (0] o
d. 2.50-2.99 (B-to B) (0] (@)
e. 3.00-3.49 (Bto A-) (@) o
f. 3.50 or above (A- to A) (@) 0]
g. Not applicable (@) ©)
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ACADEMIC SKILLS

Instructions: In the following section, you will be asked to rate your skill level and abilities in

a variety of areas. If you're unfamiliar with, or have had no experience with, any of these,

select the "Weak/none" option.

11. Applying Math & Science.

Weak/ Very
Please rate your ability to apply: None Fair Good Good |Excellent
a. Math to real-world problems. o) [e) o) o) (o)
b. The physical sciences to real-world problems. (@) o) (o) o) (o)
c. Computer tools and applications to real-world
problems. O O O o O
d. Life sciences to real-world problems. 0] o o o (e}
12. Problem-Solving Considerations. Weak/ Very
Please rate your: None Fair Good Good |Excellent
a. Knowledge of contexts (social, political,
economic, cultural, environmental, ethical, etc.) (@) (@) (@) @) O
that might affect the solution to a problem.
b. Knowledge of the connections between
technological solutions and their implications for o) (o) (o) (o) [e)
the society or groups they are intended to benefit.
c. Ability to use what you know about different
cultures, social values, or political systems in o) @) (@) @) (o)
developing problem solutions.
d. Ability to recognize how different contexts can
change a problem solution. o o © © o
13. Communication. Weak/ Very
Please rate your ability to: None Fair Good Good |Excellent
a. Write a well-organized, coherent report. (o) o) (o) o) (o)
b. Make effective audiovisual presentations. (o) (o) (0] (o) (o)
c. Construct tables or graphs to communicate a
solution. Q e © Q S
d. Make myself understood in conversations with o o o o o
others.
e. Communicate effectively with people from o o o o o

different cultures or countries.

| 8603527775
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a

14. Teamwork.
= Weak/ Very
Please rate your ability to: None Fair Good Good Excellent
a. Work with others to accomplish group goals. lo) (o) (o) (o) (o)
b. Work in teams of people with a variety of skills
and backgrounds. o o o o o
c. Work in teams where knowledge and ideas from
multiple fields must be applied. e e ¢ - -
15. Leadership. Weak/ Very
Please rate your ability to: None Fair Good Good |Excellent
a. Help your group or organization work through
periods when ideas are too many or too few. 2 © © 2 Q
b. Develop a plan to accomplish a group or
organization's goals. © © © o o
c. Take responsibility for group or organizational
performance. % % o o o
d. Motivate people to do the work that needs to
be done. © © © Q S
PROGRAM EMPHASES
16. Applying Math & Science. Very
Overall, how much have the courses you've Little/No | Slight | Moderate Strong | Strong
taken emphasized each of the following: Emphasis Emphasis| Emphasis Emphasis| Emphasis
a. Applying math to solve real-world problems. e} o o o e}
b. Applying physical sciences to real-world
problems. © o © © o
c. Applying life sciences to real-world problems. (o) (©) (o) (e} (o)
d. Designing and carrying out experiments. (e) (e) (®) (0] (e)
e. Using computer tools and applications. @) (e} (@) (@) (@)
17. Professional Skills. Very
Overall, how much have the courses you've Little/No | Slight | Moderate Strong | Strong
taken emphasized each of the following: Emphasis Emphasis| Emphasis Emphasis| Emphasis
a. Professional skills (being on time, meeting
deadlines, etc.). © % o © %
b. Written and oral communication skills. (0] (@) (0] (0] (0]
c. Leadership skills. 0] o) 0] 0] 0]
d. Working effectively in teams. 0] 0] o) 0] 0]
| 1s2sserr7y A ]
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18. Other Topics. Very
Overall, how much have the courses you've Little/No | Slight |Moderate Strong | Strong
taken emphasized each of the following: Emphasis |[Emphasis Emphasis Emphasis | Emphasis
a. Ethical issues in engineering practice. o fe) o o) o
b. The importance of life-long learning. o) le) o) o) o)

c. Examining my beliefs and values and how they

affect my ethical decisions. O o O o O

d. The value of gender, racial/ethnic, or cultural

diversity in the workplace. 2 i £ Q o
e. Creativity and innovation. (0] (e} (@) (e} (0]
f.  Current workforce and economic trends

(globalization, outsourcing, etc.). 2 o o o o

g. Emerging engineering technologies. (@) (o) O (0} (@)

h. How theories are used in engineering practice. 0] o) o) o) 0]
19. During the past year, approximately how 11 or
many times did you: 0 1-3 4-6 7-10 more

a. Use the services of a "learning/tutoring” center o) o o o) o

at your community or two-year college.

b. Speak to an advisor or instructor at your
community or two-year college about O O o ©) ©)
transferring to a four-year college.

c. Speak to an advisor or instructor at a four-year
college about transferring.

d. Attend a presentation by someone from a
four-year college about transfer requirements O o o O o
and procedures.

20. How much do you rely on the following for
help selecting courses and planning your Little/ A Great
academic program? Not at All  Somewhat | Moderately peq)
a. Advising center staff o) o) o) o)

b. My official faculty advisor

c. A faculty member who is not my official advisor

d. Students in my program

e. Family and non-school friends

O|0|O0O|0O|O
O|0|O|O
O|0O|O|O
O|0|O0|0O|O

f. Web sites

| 0467527775 5 I
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21. How much do you rely on the following for
information on how to transfer to a four-year Little/ A Great
instiution? Not at All | Somewhat | Moderately  Deal
a. Advising center staff (e} (0] (e} ©)
b. My official faculty advisor (o) (o) (@]
c. A faculty member who is not my official advisor le) o) le) o)
d. Students in my program (o) (o) (o] (e}
e. Family and non-school friends (o) (0] (0] (0]
f. Web sites (0] o (©) O

22. During the past six months, approximately how many times did you meet outside
of class with a faculty member to: (count only conversations of 10 minutes or
more)

a. Discuss academic or course-related matters times
b. Ask about careers or get professional advice times
c. Talk informally times

23. What was the first math course you completed in college?

O Math required prior to algebra
O Another math course (algebra, geometry, trigonometry, pre-calculus, etc.)

O Calculus or above
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24. In courses at your community or two-year Some- Very
college, how often have your instructors: Never Rarely | times Often Often
a. Set clear expectations for performance (0] (0] (0] (0] (@)
b. Only covered what was in the textbook (@) o (o] (o) o
c. Conveyed the same material in multiple ways
(in writing, diagrams, orally, etc.) o © o o ©
d. Explained new concepts by linking them to what
students already know - - & e o
e. Used examples, cases, or metaphors to explain
concepts o a e B g
f.  Answered questions or gone over material until
students "got it" o © o o Q
g. Provided guidance or training in how to work
effectively in groups Q O o O Q
h. Lectured (@) o ©) ®) O
i. Provided hands-on activities and/or assignments o) ®) o) o) [e)
j.  Used in-class, small group learning (o) (o) ©) o) o)
k. Assigned group projects o) 0] o) o) e)
Some- Very
25. In your courses, do: Never Rarely | times Often Often
a. Some male students treat other male students o o o o o
better than female students
b. Some white students treat other white students
better than non-white students B 2 2 B ?
c. When working in groups, some male students
treat other male students better than female (0] (0] (0] (0] (0]
students
d. When working in groups, some white students
treat other white students better than non-white (@) ©) o o (@)
students
e. Some instructors treat male students better than
female students © < C 0 -
f. Some instructors treat white students better
than non-white students o o o O o
g. Women students get treated better than male
students. O Q Q - -
h. Minority students get treated better than white o o o o o

students.

| 1090527778

125




=

-

26. Please indicate your level of agreement with

each of the following statements:

Strongly
Disagree

Disagree

Neither
Agree nor
Disagree

Agree

Strongly
Agree

a. My gender has or will influence my choice of
engineering field.

o

O

e}

o}

b. My gender will negatively influence my
engineering career.

(0]

(0]

c. My race/ethnicity will negatively influence my
choice of engineering field.

(@)

o

d. My race/ethnicity will negatively influence my
engineering career.

(@)

O

)
)
)

oO|lO| O

)
©)
(©)

ENGINEERING TRANSFER ISSUES

27. Why might you choose a major other than engineering? (select all that apply)

O Lack of employment in engineering

O Difficulty of engineering courses

O Not able to get into engineering program
O More credits transfer into other majors
O Lack of engineering transfer agreement

O Engineering takes longer than other majors

O Engineering tuition is more expensive than other majors
O Lack of gender or racial/ethnic diversity in engineering

28. How important were the following in your
decision to begin your degree at a
community or two-year college:

Not at

2

Slightly

Moderately

Very

Extremely]

Cost

©)

O

o

o

TR

Close to home/family/friends

o

| knew | would get in

d. | applied but wasn't accepted to a four-year
school

e. Received financial aid

f.  Family/work obligations

g. Flexible course scheduling (evenings,
weekends)

h. On-campus childcare

i. English as a Second Language program

j. Transfer agreement with a four-year
engineering program

k. Diverse student population

I.  Good place to find out if | was ready for
college-level courses

O|O0O| O |O|lO|O|O|O| O |O|O

O|O0| O |O|lO|O|O|O| O |O|O

O|0| O |O|lO|O|O|O| O |O|O

O|0| O |O|O|O|O|O| O |O|O]|O

O|0O| O |O|lO|O|O|O| O |O|O

| 4640527772
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29. How important will the following be to
you in deciding whether to transfer to | Not at all
a four-year engineering program: Important

Slightly
Important

Moderately
Important

Very |Extremely
Important  Important

. Number of credits that will transfer

©)

o

O

©)

©)

. Availability of transfer advisors at my
college

. Good information on transferring

. Visiting the four-year school

O
o
O

O
O
O

O
O
O

. Speaking with an advisor at the four-year
school

(®)

O

O

Meeting with instructors or sitting in on
classes at the four-year school

O

o

O

. Talking with students at the four-year
school

o|o|O0O|O|O]| O

o|o|O0o|O|O]| O

30. How much of a problem would the following

be in transferring to a four-year college or
university engineering program? Please
answer even if you are not sure you will
transfer.

Not a
Problem

Minor

Problem

Problem

Major
Roadblock

. Long commute or need to relocate

. Cost of attendance

. Need to quit or reduce hours on current job(s)

. High academic expectations

. Family obligations

The transfer credit process

. Not sure the faculty, staff, or students will make
me feel welcome

. My English language skills

Large size of engineering school

Students compete rather than help one another

. Length of time needed to complete a bachelor's
degree

ojlo|lO0O|O0O|]O|]O|O|O|O|O]|O

oj]o|lO0O|O0O|J]O|]O|O|O|O|O]|O

ojlo0o|lO0O|O0O|J]O|]O|O|O|O|O]|O

olo|lO0O|O0O|O|O|O|O|O|O]|O

| 5464527777
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31. How likely are you to complete an associate's degree before transferring?

O Definitely won't O Probably won't O Not sure O Probably will O Definitely will

32. How many more years do you think you will need to complete your bachelor's degree
in engineering?

years

ADDITIONAL INFORMATION

33. In a typical week, how many hours do you spend:
a. Preparing for class (studying, doing homework or lab work, and other
academic activities) hours/week
b. Working for pay hours/week
c. Meeting family responsibilities (care of siblings, children, other family
members hours/week
d. Commuting to and from school or work hours/week

34. Have you been enrolled at your current institution primarily:

O Full-time
O Part-time

35. Are you currently:
a. Taking classes at a 4-year institution? O Yes O No

b. In a formal dual-enroliment program with a 4-year institution? O Yes O No
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36. Not counting yourself, how many individuals are financially dependent on you
(including children, parents, and other adults)?

O None
o1

02

o3

O 4 or more

37. Is English your native language? O Yes O No

38. Have you had to repeat one or more college courses in
any of the following areas?

Yes

a.

Chemistry

b.

Engineering

C:

English/communications

Mathematics

Physics

oO|O0|O|0O|O

oO|O0O|O|O|O

Thank you very much for your participation!

Please return the survey in the postage-paid envelope provided

or mail to:

Penn State University
Survey Research Center

605 Marion Place

University Park, PA 16802

| 1239527773 1
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Appendix B: University Student Survey

PENNSTATE
ﬁ Center for the Study of Higher Education

Welcome UNIVERSITY students!

Thanks for checking us out! We need your help. The National Academy of Engineering has
identified the knowledge and skills that engineers will need to succeed in the workplace of
the future. This National Science Foundation-funded study is designed to benchmark the
current state of undergraduate engineering education and find out if we’re making progress
toward those goals. To do that, we're surveying students at 35 colleges and universities
around the country. (You can find out who else is participating at
http://www.ed.psu.edu/educ/e2020/p2p-participating-institutions.)

We know you're busy, so we will really appreciate your help. We also think you may find
completing this survey a good opportunity to reflect on your engineering education to-date.

The next page outlines your rights as a research participant and provides more details on
the study.

This study is funded by the National Science Foundation
and endorsed by the following associations and
professional engineering societies:

AT K AIChE,, “ASCE
7%" E

SETTING THE STANDARD

Celebrating 125 Years

of Engineering the Future
Institute of

Industrial Engineers
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PENNSTATE
| Zire Center for the Study of Higher Education

L4
Educating the Engineer of 2020 Student Survey

Personal Information

1. What is your current class standing?
Q First-year student
Q Sophomore
Q Junior
Q Senior
O Fifth-year student or higher

2. What is your major?
Undecided/undeclared in engineering
Bio-medical or Bio-engineering

Chemical Engineering

Civil Engineering

Electrical Engineering

General Engineering/Engineering Science
Industrial Engineering

Mechanical Engineering

Other engineering discipline (please specify):

000000000

3. When you entered this institution, were you:
Q Afirst-time college student
O A transfer student from a community or two-year college
Q A transfer student from a four-year institution
QO A "3+2 program" with a four-year institution

4. What is your gender?
QO Man
Q Woman

5. How old:
Are you now?

Were you when you first entered college?

Do you think you will be when you complete your bachelor's degree?

6. Are you: (check all that apply)

U African American O Caucasian/White

U Asian American U Foreign national (i.e., citizen of another country)
U Hispanic/Latino/a American U Naturalized U.S. citizen

U Native American U Other (please specify)
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7. What is the highest level of formal schooling that you and each of your

parents/guardians have completed?

Mother/Guardian Father/Guardian

Did not finish high school

High school graduate/GED

Attended college but did not receive a degree

Vocational/technical certificate or diploma

Associate or other 2-year degree

Bachelor’s or other 4-year degree

Master’s degree (M.A., M.S., M.B.A., etc

Doctorate degree (Ph.D., J.D., M.D., etc.)

0|00 0|00 0|0

O] 0| 0|0|0|O| 0|0

8. Did you take the SAT or ACT tests? (Please respond to all that apply)

O No. I did not take either exam.

O Yes, | took the SAT exams, and my scores were approximately:

SAT Critical Reading
SAT Writing
SAT Math

U VYes, | took the ACT exam, and my composite score was approximately

9. What was/is your approximate academic average in:

High School

Your engineering program

1.49 or below (Below C-)

1.50-1.99 (C- to C)

2.00-2.49 (C to B-

2.50-2.99 (B- to B

3.00-3.49 (B to A-

3.50-4.00 (A- to A

Not applicable

OO0 0| 0|00

O] 0| 0| 0| 0|00
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ENGINEERING SKILLS

Instructions: In the following section, you will be asked to rate your skill level and abilities in

a variety of areas. If you're unfamiliar with, or have had no experience with, any of these,

select the "Weak/none" option.

10. Applying Math & Science. Please rate your ability to apply:

Weak/ Fair Good Very Excellent
none Good
Math to engineering problems Q Q
The physical sciences to engineering problems o O @] o o
Computer tools and applications to engineering
problems Q o Q 5 =
Life sciences to engineering problems Q o Q O Q
11. Defining Problems and Generating Design Solutions. Please rate your ability to:
Weak/ Fair Good Very Excellent
none good
Define design problems and objectives clearly
and precisely. Q 9 o > o
Ask questions to understand what a
client/customer really wants in a "product.” Q Q Q Q o
Undertake a search (literature review,
databases, benchmarking, reverse-
engineering, etc.) before beginning team-based Q Q Q Q Q
brain-storming.
Take into account the design contexts and the
constraints they may impose on each possible
solution (social, cultural, economic, Q Q Q Q Q
environmental, political, ethical, etc.).
Generate and prioritize criteria for evaluating
the quality of a solution. Q 9 < > o
Brainstorm possible engineering solutions. ©] ©] o o o
Apply systems thinking in developing solutions
to an engineering problem. Q 9 9 Q Q
Develop pictorial representations of possible
designs (sketches, renderings, engineering Q Q Q Q Q
drawings, etc.).
Evaluate design solutions based on a specified o o
set of criteria.
Producing a product (prototype, program, o o
simulation, etc.).
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Instructions: In the following section, you will be asked to rate your skill level and abilities in
a variety of areas. If you're unfamiliar with, or have had no experience with, any of these,
select the "Weak/none" option.

12. Managing a Design Project. Please rate your ability to:

Weak/none Fair Good Very good | Excellent

Break down a design project into
manageable components or tasks. 2 O O Q O

Identify team members'
strengths/weaknesses and distribute Q Q Q Q Q
tasks and workload accordingly.

Recognize when changes to the
original understanding of the problem o o o o o
may be necessary.

Monitor the design process to ensure
goals are being met. o o o 2 Q

Put aside differences within a design
team to get the work done. Q o o Q Q

13. Engineering Contexts. Please rate your:

Weak/none Fair Good Very good | Excellent

Knowledge of contexts (social,
political, economic, cultural,
environmental, ethical, etc.) that Q O Q Q Q
might affect the solution to an
engineering problem.

Knowledge of the connections
between technological solutions and

their implications for the society or O Q Q Q <
groups they are intended to benefit.

Ability to use what you know about
different cultures, social values, or

political systems in developing o g O = o
engineering solutions.

Ability to recognize how different
contexts can change a solution o Q Q Q 2

134



PENNSTATE
% Center for the Study of Higher Education

Instructions: In the following section, you will be asked to rate your skill level and abilities in a variety of
areas. If you're unfamiliar with, or have had no experience with, any of these, select the "Weak/none" option.

14. Communication. Please rate your ability to:

Weak/none Fair Good Very good | Excellent
y;/Fr)i(t)e;-t.a well-organized, coherent o) o) ) o) o
mzlgf;?tfafteigtri\f audiovisual o) o) ) o) o)
e o | o | o | o | o
e o | o | o | o | o
o | o | o o | o
e o | o | o | o | o

15. Teamwork. Please rate your ability to:

Weak/none Fair Good Very good | Excellent
Work with others to accomplish group
s o) Q Q Q Q
Work in teams of people with a variety o o o o o

of skills and backgrounds.

Work in teams where knowledge and
ideas from multiple engineering fields o] Q Q o Q
must be applied.

Work in teams that include people
from fields outside engineering. O Q Q Q o

16. Leadership. Please rate your ability to:

Weak/none Fair Good Very good | Excellent

Help your group or organization work
through periods when ideas are too many O Q @) @) Q
or too few.

Develop a plan to accomplish a group
or organization’s goals.

Take responsibility for group’s or
organization’s performance.

Motivate people to do the work that
needs to be done.

135




136



