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ABSTRACT

This study explorehow studats in ruralareas of Tenness@e&€umberland
Plateau areperceive engineering as a future carééis area is a portion of the greater
Appalachian region, which hasstorically, faced disproportionate economic struggles
when compared to other areasiud United Statedlowever, little research on career
choice exists outside of tlewal producing areas @fentral Appalachia. This research
contrast, focuses on rural countigshout interstate access, situated along the
Cumberland Plateau in Tennessan area with an economy historically based in
manufacturing.

This research focuses on understanding studpeatseptios of engineering as a
future career andn factors thasupport andnhibit the development of these perceptions.
To understand tlse perceptionshé study used qualitative, seinstructured interviews
situated in &ocial Constructivist worldviewinformed by the Future Possible Selves
framework. Participants includ® high school students, 7 college engineering students,
and 5 cdkege students who haxkposure t@engineeringhrough a formal program bate
currently enrolled iranother majar

Results of the study show that without access to formal programs or professionals
to expose therto engineering, participantsd not havea clear peception of
engineering, and wereot likely to pursue this career. Exposure through a formal
programseemedo spark the start oingineering future possible selévelopment by
aligning engineering with activities participants enjoy. Howevearsée participants often
also believedhat theylacked some kegi a b i Heédédyp become an engineer.
Participants whinadaccess to both formal programs and professionals were able to
provide a cleadescriptionof potentialengineering caresraligning such careers with
activities they enjoyed and, importantlyith desired attributes of their futurkn
addition, participants typically described relationships with professionals as mitigating
the fear thatin engineering careerwase yond ty.edo rThHadbe [nedsults pr
evidence, that in this study areainped material&nd programsare not enougipeople
clearly make the difference helping students devel@clear perception of engineering
as aviable futurecareer choiceThis result has mitiple implications for engineering
educators and industries interested i Xoutreach.
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Chapter 1: Introduction

As reports such aRisingAbove the Gathering Storargue, although the United
States has enjoyed a it economy and led the world in innovation and technology in
the modern age, globajlthe advancement of communication and the economic
development omanyother portions of the world leave the United States struggling to
remain an innovative leadérising Above the Gathering Star@007). The building
blocks for a strong economic future in the United States inclatlenlya larger, but a
more diversgpool of students entering Science, Techggld&nginering and
Mathematics $TEM) fields. The lterature shows that strengthening this pool is not easy
because barriers to recruitment can vary based on genderesociomic status, culture,
and geographicdimitations (Dick & Rallis, 1991 National Science Board, 2012
Raising Public Awareness of Engamang, 2002 Ross, 2011Valla & Williams, 2013.

To contribute to this effort, the present study focume students in the
Appalachian region ofennessee to better understand engineering as a career choice in
thisareagiven its cultural, economic, and geographic conditions. This study used a
gualitative methodology to study career choice among high school and college students
from a central, noitoal areaof Tennessed?articipants includ@7 high school students,

7 college engineering students, and 5 college students whexpadure t@ngineering
through a formal program but are currently enrolledrinther majarEachstudent in the
samplepaticipated in semstructured interviews, which were analyzed through the lens

of the Future Possible Selves (FPS) framevbtarkus, 198%.



1.1  Need for this Research

Despite a long history of efforts to increase enrollment in engineering and robust
research on career choice broadly, research regarding entry into engineering careers is
limited. Previous work des show thabarriers tacSTEM fields start early as students
often begin to lose interest in science and math subjects as early as middl¢Fsaidol
1995 Gooden, Borrego, Edmister, Waller, & Watford, 2pHanesian et al., 200¥alle
& Steen, 1989 At the same time, work on both general career choice and engineering
choice suggesthat academic success, along with the advice of parents, peers, teachers,
and mentors (referred to as socializers), are important for entry into the engineering field
(Dick & Rallis, 1991 Jawitz & Case, 1998awitz, Case, & Tslalala, 2000 However,
other work indicates that socializers often lack the experience necessary to inform
students about an engineering career, thus increasing the difficulty of recruitment efforts
(Raising Public Awareness of Engineeri2§02 Valla & Williams, 2013. Finally,
previous research regarding barriers faced across gender, ethnicity, locationatulture
other factors has identified a variety of barriers unique to each group stedjed
Goode, 2007Holmes, Redmond, Thomas, & High, 2QMarshall, 2008McGee 2011
Schultz, 2011Slovacek et al., 203 Trenor, 20082009. Such work, described in detail
in Chapter 2, suggests that increasing recruitment is a complex task that requires
contextually relevant approaches based on robust, locatizgarical evidencé
evidence we currently lagRaising Public Awareness of Engineeri2§02 Valla &
Williams, 2013.

Oneareathat has seen limited engagement with engineering careers is the rural

Central Appalachian region of the U.S. The Appalachian region of the United States



follows the Appalachian mountain range freaouthern New York to northern
Mississippi. This region has historically struggled with low levels of education, high
poverty levels, and outmigration of educated individ(laishter & Campbell, 2006 On
the suface thepopulation appears teave aradvantage of belonging to two historically
privileged categoriesapproximately 85%wvhite andmostly Christian(Lowry, 2002
Pollard & Jacobson, 20)3Career choie literature in the region is lit@d and typically
focuses on Central Appalachian areas where coal and extractive industries are the main
economic drivers as these have historically been isolated areas with high levels of
poverty(Ali, 2006l Bennett, 2008Chenoweth, 2004

Such research suggests that individuals in this region face deslsmilar to
other groupsypically classified asninority, including students of coldMcGee, 2011
Slovacek et al., 20)1As a esult, Tang2007) refers to Appalachians as an invisible
minority becausas a whole the region is predominatelywt e. However, Appal
facechallenges associated with racial and ethnic minorities. T20@y) suggests tha
this status has served to limit previous research and attentiistitective needs and
cultures within Appalachiarhe need for locally meaningful approaches to strengthening
the engineering pipeline, coupled with the limited research into careeechoiral
Appalachiamakes this study crucial to the future recruitment of engineering students in
these areasin doing so, my goal isat to imply that all studenis rural Appalachia
should pursua career irengineering, but rather to ensure thatlents in tese areas
have equal, meaningful access to engineering as a viable, accessible careén option
expand their range of possible futsiréhis work, in particular, focuses on students from

rural areas of the Cumberland Plateau in Tennessee;@abtareaof Appalachiaabout



which there is little to nprevious research regarding career choice. Findings from this
study will aid future intervention and recruitment techniques by identifying barriers
unique to thestudy areaand more fully exploringhe local context as it relates to career

choice.

1.2  Purpose of the Study
To better understand why students inattareas of the Cumberland Plateae not
choosing to pursue engineeriocgreersthis study seeks to provide a better understanding
of how gudents in rurahreas of th€umberland Plategouerceive engineering as a future
career.To do so, | analyzed interviews with high school and college students from the
study areaincluding those pursuing and those not pursuing engineeaiegrs This
data includes information about talkkge particip
how they view themselves in the futyesd their access to information about engineering

careersUsing theFPSframework to analyze the dathe following questios were

addressed:
RQ1 How do high school and college students from rural areas of the
Cumberland Plateau perceive their future career?
RQ2 How do these students perceive engineering as a career?

RQ3 What supports these students in envisioning and pursuinigire self that
includesan engineeringcaree?

RQ4 What inhibits these students from envisioning and pursuing a future self
that includesanengineeringaree?

In conducting the study, I followed a Social Constructivist worldview to understand

how theparticipants develop reality in relation to their future professions. The study



utilized rich qualitative semistructured interviews to understatie experiences and
perceptions of participant$he data was then manually coded utilizing a blend of a

priori and inductive codes. Each interview was then summaraeta visual matrix was
created to analyze the data. This process was used to categorize participants into three

categories based @tcesdo engineering and their intent to pursueengineeng career.

1.3  Significance of the Study

Thiswork complements and extends previous research into Appalachian career
choice that employed structured, often quantitativeruments that typically omitted
information related specifically to engineeringddo localized areas such as the rural
Cumberland PlateauThe study provides a foundation on which stakeholders irstitngy
areacan build meaningful met hods to strengthen
to engineeringareers in general. Keintlings indicate that generally students in the
study countiediave limited access to formal engineering programs and professionals
thuslimiting their perception of the career. Students witposure througformal
programs anaccess t@ngineeringprofessionals typically have a more defined
perceptiorof anengineeringareerallowing themto make morénformed choice
regarding this career. These studéptsceptios typically align engineering with
activities they enjoy and attributes they desirthair future career. With this foundation
in place, successful methods to recruit and retain future engineerssindiyeareaan
strengthen the entil@reaand more fully engage it in the STEM fields that have become

central to the U.S. economy.



1.4  Limitations

This study has several limitations, including the recruitment process for high
school participants and my personal bias. Recruiting minor participants in high school
settings presented a challenGeuntieswere selected for study and schodlails were
contacted to allow their school systems to participate, thus making recruitment dependent
on a third party and limiting anumber of study countiegce not all schools contacted
chose to participate. School personnel, teachers, paisoge counselors were then
contacted to recruit participants at the school level. This approach led to some sample
bias as the recruiter acted as a gageper within each school, selecting students they
deemed fHAappropriateodo f omprtihd epr cjtaadte.nt @f tweem
achieving college bound students with highly supportive families. While these students
provided very rich data, this bias may have limited access to a full range of students from
thestudy counties Addi t i on @&lnlgy ,n etere nwar d nAt he recrui
have limited the number of willing participants. This limitation may have discouraged
students withouaninterest in engineering from participating in the study, particularly
those with exposureut no interesin this career path. This limitation was addressed with
the college sampl@s students witexposure througformal programsn high school
who chose another majavere recruited to understand factors associated with their
career decisions.

Personally] grew up inone of thesmall rural counteson the Cumberland
Plateau in Tennesséeeluded in the studygndl have experience teaching engineering
classes in high schools in theea This introduces bias as some participants, particularly

the collegeparticipants, were my former studenfghile this does present a limitation



regarding potential bias, it also was a strength as my connections allowed me access to
the schools and college participanthe potential bias was introducasd these

participans described their engineering exposarelas | interpretdthese experiences. |
bracketedhese experiencas an effort toderive meaning only from the data as

described in detail in Chapter 3.

1.5 Overview of Chapters

In this chapter, | have provide brief overview of career choice literature, the
need to study career choice withural Appalachiaparticularly rural areas of the
Cumberland Plateastated the research questions, and addressed the significance this
study adds to the literature.

Chapter 2 presents a review of relevant literature, beginning with engineering
career choice. This review includes previous studies of underrepresented groups across
the globe. The chapter then moves to discuss prior career choice research in Appalachia
ard current conditions within th&tudy areaThe chapter concludes with a review of
previous studies utilizing thePSframework and qualitative methods for understanding
students6é perceptions of their futures.

Chapter 3 provides a detailed descriptibthe stug design as well agletails of
the studyareaand participants. Data collection methods, including a specific look at the
development of the interview protocol, are preserdakuhg with analysis methods.
Limitations of the study and presentatiof researcher bias follow.

Chapter 4 provides thesults from thestudy.Results common to all participants
are presenteclong with those specific tiiree categoriesf participantdased on their

level ofaccessand intent to pursuanengineeringareer Within each categoryhe



results descri be par taboutiepgmeetinghéirpacemienofs t o
future careers, and barrieamhibiting engineering career choice

Chapter 5 presents conclusions to the study. This chapteesigh the results
acrosscategorieso provide answers to the four research quesbébtise study

Chapter 6 presents the implications of the results. This includes a model providing
a visual representation of supports and barriers to engineering $etticevelopment in
thearea In addition, this chapter provides suggestions to stakeholders that may benefit
from these results and how this research may be used to inform future intervention

efforts.
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Chapter 2: Literature Review

The literature reviev presents research that informs #tudy of engineering

careerchoicein ur al ar eas of Tenn.€elbesegiewbeginsby mber | and

introducingprevious researabn engineering career choice, which highlights the need for
locally developed, cdextually relevant approaches to recruitm&scond, because this
study treatsural Cumberland Plateatudents as an underrepresented population that
merits attention, the chapter then presents studies of other underrepresented groups to
better understad the challenges faced by such populatidihgd, to support the need to
studyT e n n e s s e e -inwrstatey anadal Cumberland Plateau communiti¢ise

review of research on the studseais presented-inally, literature on thé&PS

Framework is pesented as an appropriate lens to better understand the barriers that exist

between Appalachian students and an engineering career.

2.1 Engineering Career Choice
Efforts to increase STEM enroliment, including enrollment among historically

underrepreented groups such as women and racial minorities, have been underway for

manyyearsSt udi es date back t o(199hidentigedthdngedl1 99006 s

for academic success and support from parents, teachers, and other rAedttrsse
efforts have yielded some improvement in strengthening the STEM pidebsgive
signs include higher numberssifidents entering pesecondary education, more

student participation in math and science courses, and higher high school graduation rates
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(National Science Board, 20L2Vhile these signs are positive, racial and ethnic
minoritiesstill display gaps in standatestscoringandgraduation rates, and vioe
teachers are more prevalent in high poverty schd&sional Science Board, 20120
better understand these efforts and the persistent gaps, literature on career choice, career
choice in engineering, and successful measures to date is presented.

How an individual chooses a career is compled involves many factors
including personal interest and ability, previous wmlated experience, and financial
and social suppor{dent et al., 200R Barriers can include financial concerns, @@
social influencesand role conflictgLent et al., 2002 Conversely, social supports,
access to mentors, high setinfidence, and access to financial resouceesupport an
individual in their pursuit of a desired careg@ick & Rallis, 1991 Lent et al., 200R
Successful individuals without thesgpports or with negative social suppottilize a
range of coping strategies to offset the barieent et al., 200R

Factors influencing career choice into STEM fields specifically reflexgte noted
above Dick (1997]) indicates that the decision to major in a matisciencentensive
field comes through intrinsic and extrinsic values determingabalsyexperience3hese
experiences range from success in previous coursework to influences and expectations of
socializers such as teachers, counselors, parents, and niBitkr& Rallis, 199).
Findings from Di datonsen and wothgn wholtlmosedodnajorina t
engineering relied on the advice of parents and teachers, referred to as socializers, more
than their peer@ick & Rallis, 199). Moreover, without early intervention and

exposure, students checomedisinterested in science and math, underestimate their

1C



abilities, and develop misconceptions about what type of person achieves a career in a
STEM field (Valla & Williams, 2013.

The results of such studies have led to multiple recommendations to strengthen
the engneering pipelineOne consensus among researchers regarding recruitment is to
start earlyMultiple studies have shown that early intervention is imperative as students
begin to lose interest in math and scietioaiting their career paths early in their
education(Faud, 1995Gooden et al., 201®anesian eal., 2004 Valla & Williams,

2012. The National Academy d&ngineering recommends successful engagement of
students in STEM subjects in grammar schi{@&alising Public Awareness of Engineering
2002. However, Ros§2012 suggests thahany early educators do not have the
knowledge, attitudes, and behaviors to properly inform their students about engineering
as acareer choicB.ut R o0 s s 0showedtmakschadl coumselors could pass
knowledge on to teachers and students after intervention to increase their understanding
of engineerindRoss, 201p Thus, broad suggestions to strengthen the pipeline include
better education of the public and educators, ardi@sign of school curriculum to

include engineeringRoss, 201p

2.2  Studies of Underrepresented Groups in Engineering

Notably, however, while career choice information exists, no single method of
recruitment has offerddng term effectienesgRaising Public Awareness of
Engineering 2002 Valla & Williams, 2013. Underrepresented groups have unique
cultural, geographic, and demographic characterigtamismake a single, monolithic

intervention difficult.While studies provide recommendations, suggestiors, an
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description of interventions to strengthen STEM recruitment, the unique charactefistics
differentunderrepresented groups clearly call for specific research into the barriers each
group may encounter to effectively reach future engineers. A betsgrgotive of these
barriers can be seen in Table 2.1, which presents a representative sampling of studies
across a range of populations to illustrate the frameworks, methods, and outcomes of

studies on STEM career choices among underrepresented groups.
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Table 2.10verview ofStudies ofDisadvantaged STEMtudents

Study

Focus
Area/Participants

Theoretical
Framework

Methods

Findings

Trenor, J et al. (2008)
Influences for Selecting
Engineering: Access to Social
Capital from Two Case Studieq

Female engineerg students

Social Capital

QualitativeCase
Study

Social Capital
makes navigation
through engineering
easier for first
generation female
college students

Young, D et al. (1997Factors
Affecting Students Career
Choice in Science: An
Australian Study of Bral and
Urban Schools

Rural vs. urban high school
students in Australia

N/A

Mixed Methods

Students typically
choose their careerg
based on
experiences, family
support, gender,
available
information, and
value beliefs.

Goode, J (2007f You Build
Teaches, Will Students Come?|
The Role of Teachers in
Broadening Computer Science
Learning for Urban Students

Female, Latino, and African
American students inds
Angeles, California

Social Reproduction
/Social Change

Mixed Methods

Teachers are criticall
in recruting more
minority high school
students into
computer science.

Trenor, J. (20097
Phenomenological Inquiry of
the Major Choice Processes 0
an Overlooked Demographic:
First Generation College
Students in Engineering

First generation college student

Sodal Capital

Qualitative
Phenomenology

First generation
college students
often lack the social
capital necessary to
navigate college.

'‘McGee, E et al. (201ou
Would Not Believe What |
Have to Go Through to Prove
My Intellectual Value!"
Stereotype Margement Among

Black mathematics and
engineering college students

Critical Race Theory,
Micro-Aggressions,
Stereotype Threat, and

Qualitative Semi
structured life story

Stereotype threat
exists in Math &
Engineering, black
students can learn tq

overcome.

Academically Successful Black Stereotype Managemer| interviews Intervention needs
Mathematics and Engineering to help students
Students manage.
Holmes, S et al. (201%irls Interventions can
Helping Girls: Assessing the College female engineering QuantitativePost increase
Influence of College Student students aniddle schod N/A Test Surve Math/Science
Mentors in an Afterschool female students Y confidence
Engineering Program
Slovacek, S et al. (2011) Fz%‘gzga:g
Minority Students Severely College minority student®sians increase students
Underrepresented in 9 Excg ted) N/A Quantitative confidenceand
Scierce, Technology P make a PhD more
Engineering and Math :
likely
Classroom etivities
Agﬂ)?;g:y]’tfse;iglniogg)reer High sch_ool juniorsn a biology | Social Cognitive Caree o fg:;]aill)r/ngr?crjtrigz?ﬁ:
Aspirations Exploed Through preparation program in an urba Theory and Future Qualitative experiaces are
. . secondary school Possible Selves o
Identity and Possible Selves critical to career
choice
Schultz (2011Patching the M oY
Pipeline : Reducing Educationg Students supported by a Resear| Quantitative F:esleélprchl asl an
Disparities in the Sciences Initiative for Science N/A )
Surveys undergrad increased

Through Minority Training
Programs

Excellence(RISE)

persistence toward
sciencecareers
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The tabular overview of studies shown in Table 2.1 includes first generation
female college students, female students in ti Isetting, urbanral rural students,
minority college students, and minorityX student$§Goode, 2007Holmes et al., 2012
Marshall, 2008McGee, 2011Schultz, 2011Slovacek et al., 203 Trenor, 20082009.

As Table 2.1 suggests, studies in this area employ both qualitative and quantitative
methods, anthey invoke a range of theories, including those drawn from career choice
literature (e.g. Social Cognitive Career Theory), race studies (Critical Race Theory),

social mobility (Social Capital), psychologyRB), and other domains.

Similarities can béound across groups represented in TableRridings across
these studies show thaccess to support networksi#tical. These support networks
include teachers, mentors, and family, particularly those who are knowledgeable of and

connected to STEMdiIds.

At the same time, some differences also emerge. For example, first generation
college students across all groups often lack the social capital and support networks
necessary to navigate the path to their desired cavbie black students mawce
barriers associated with stereotype threat limiting their confidence levels in STEM fields.
Female students may also experience barriers related to confidence, sometimes associated
with stereotype thregbut not always, as they question their abiidysucceed in STEM

fields.

The following sections examiriedings associated with different

underrepresented populations in more detail to highlight both commonalities and
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differences that demonstrate how barriers can be unique to a particulanfjroup

individuals.

2.2.1First Generation Female Engineering Students

Looking at past studies, Tren@008 identified several factors indicative of first
generation female studentsd choiThe of engine
influencing factors included high confidence levels in math, a family member rod frie
who was an egineer, collegeeducated parents, and/or other strong role mddiedsor,

2008. For clarty, Trenor(2008 introduced Ava, the third generation college student
who was enguraged to enter engineering by her fatisdro was an engineeasnd her
mother who found camps and other college visits for ([feenor, 2008 Ava nhamed six
sources of encouragement to enter into the engineering field and indicated that
employment would not be a problem upon completion of school because of hdsfather
connectiongTrenor, 2008 In contrastMaria, another college studenamed only

middle school career day arttetdesire to seek high paying employment as motivators
and, unlike Ava, did not have social capital to find employment upon completion of her
degreg(Trenor, 2008 Maria also expressed feeling like an outsider in engineering as she
worked her way through schodlorking also limited her ability to build social capital as
a studen{Trenor, 2008 While both students developed an interest in engineering in
middle school, access to salccapital made the path to graduation much easier for Ava.
As a result, Trenof2008) suggests preollege access to engineering role models and
activities to help first generation collegeidents gain social capital\asry important in

recruitment and retention of first generation college students.
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2.2.2Rural Australian K12 Stu@nts

Young (1997 found that students in rural Austrafecechallenges with role
modelssimilar to those faced by first generation college studentsdso faced other
obstacles associated with theidtures and geographic locatiohese challenges include
a culture nosupportive ohigher education, a desire to stay close to home, a lack of
informationaboutand exposure to higher education, and k tdgeer supportYoung,
1999.l nfl uences of studentsé family, particul a
family were critical indicators of higher educatismccesgYoung, 1997. In addition,
students in the rural areas expressed their understanding of the benefits of higher
education, but realized that the careers stamg from higher education did not exist in
their rural aregYoung, 1997. This phenomenon left students with the reality that
pursuing higher education also me&w®/ing home, which many were unwilling to do
(Young, 1997. Unlike FGCs, then, the challenge for these rural studentgustaas
muchgeographi@ssocial.Rural sudents often identified with outdoor careers that
would provide work for them in the country due to their range of work experiences
(Young, 1997.

Overall, Young(1997) identified three categories of factors that affected rural
student s6 c afsehedl, inschod, iard personality ttype3ut-of-school
factors include the support of friends and family, work experiences, career location, a
reluctance to leave home, and other supporting influefrtgshool, teacher support and
access to career information were found importaatsonality factors includedesire to
succeed, positive sefferception, and personal interedtse study concludes with

suggestions for future remeh to provide more factoessociated with career aspirations
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of these unique groups, and states that students in rural communotigs Ise provided

with better access to a wider selection of career information and work experiences.

2.2.3Urban Minority Students

Similar to struggles faced by rural and first generation college students, urban
minority students often face limited careexposure, but that exposure may be
specifically tied to available coursésor example, Good@007), in a studyof female
Latina and African American students in Los Angeles, found a strong divide in course
offerings among schools based primarily on economic status; moreover, only a certain
group of students were tracked into advanced computing cairdeshigh school level
(Goode, 200y, Preliminary research indicated that low socioeconomic status (SES)
students used computers more frequently but at a surface level, while higher SES&stude
were more likely to utilizeomputers for higher level academic purpd$gsode, 200y
This tracking limits studet s 6 access tnoentoringeavadakieimasivanced a n d
courseslin addition, students in high SES schools with fewer minorities were more likely
to engage iMdvanced Placement (AP) technology courses while students in other
schools were likely offered a basic keyboarding co(&®de, 200¥. Even in the high
SES schools where AP coursesreavailable, guidance counselors often acted as gate
keepers, tracking fiappr ogndcieadingea barrisertfoulone nt s i nt
SES student@Goode, 200).

In addition to the different affordances created by economic conditions, findings
from the study also indicated thaban science teachers were often left with little
training and suppofiGoode, 200). Goode(2007) recommends that since many school

districts have budget and time limitations for training;ggevice programs e to

17



implement more specific training to address issues minorities face in STEM curricula
because teachers are on the front line in motivating students toward higher education

(Goode, 200y

2.2.4Summary

As can be seen in Table 2vthile there are some similaritiesach group of
students present unique geographic, cultural, academic, and socioeconomie st
make a single recruitment strategy impossieether addressing issues of safficacy
and identity faced by female students or geographic and cultural factors for rural students,
effective outreach and intervention models need to adapt tmipee needs of the
particular group. One common theme that emer
the recruitment and retention of students in engineering disciplines, but identification of
key socializers and the kinds of support they negutdueide varies as the socializing
process appears to be heavily influenced by geographic, cultural, and economic factors.
Thus, to understand how to effectively prepare socializers for underrepresented groups,

we need studies to identify the barriers thog individual populations.

2.3  Understanding the StudyArea

In an effort to expand our understanding of local context, this study focuses on
participants in Tennessee in areacommonly referred to as the Cumberland Plateau.
Counties of interesh thisareear e cl assi fi ed as #Arural o and i
Appalachian Regional Commission (ARC), and do not have interstate highways in the

county.Specific counties included in the study are Bledsoe, Clay, Jackson, and Pickett,

shown in Figure 2.1ITo better understand the selection of #risa the following
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sections highlight key features of the Appalachian region of the United States and focus
on the specific studgrea(rural Cumberland Plateau), with an emphasis on the rationale

for selecting tis area.

The drive to study career choice among r@amberland Plateastudents stems
from a combination of loveconomic and educationathievement levels the areand
a marked absence of students fromatesin engineering careers. An ARC report
released in 2011 paints a disturbing picture of economics across the entire Appalachian
region(Appalachian Regional Commission, 202While the region strives to diversify
its economythere is a consistent lag of its economy behind the natraditional
industries such as mining, manufacturing, textiles, and paper and wood products are
declining due to global competition. With the traditional industries in decline, the ARC is
making targeted investments in human and physical capital acrps$ag&hiaincluding
diversification into professional and technical services and auto manufacAsiag.
result, the period of 200R008 saw a 24.7% rise in Professional and Technical Services,
butwith this rise employment shares are still very low retregion(Pollard & Jacobson,
2013. During the same time period, farming, forestry, manufacturing and utilities, which
represent the dominant employment sectors, saw large declines, accounting in part for the
current economic struggles Appalachia(Appalachian Regional Commission, 2011
The region also sees some of the highest outmigration in the nation, creating concern

over the number of available workers between the ages of 25 and 55.
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Appalachia, shown in Figure 2.1, is a highly diverse region spanning from

Northern Mississippi to Southern New York along the Appalachian Mountain Range.

Data for the region often masks significant economicycailt educational, and social

disparities. While various agencies within Appalachia have attempted to address this
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geographic boundaries that continue to mask @iffeesAs a result, educational levels,

economic opportunities, cultgeand environment can vary greatly within these
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categorical Asub regions. o6 Thus, studies of

boundaries.

Because this study focuses on B#S of high school students, tlaeeaof interest
is defined by counties, which serve as primary organizing units-fi2 &ducation. In
particular, the study focuses on foural counties on the western edge of the
Appalachian Mountain chain in an area ecoanly referred to as the Cumberland Plateau:
Bl edsoe, Clay, Jackson, and Pickett. AlIl fou
Appalachia, feature cultural and demographic characteristics typically associated with
Appalachia, and are economically amtlieationally below national and regional

averages.

The study counties were selected based on their similarities across a range of
variables not currently weliccounted for in existing career choice literature or studies of
Appal achi aintershu re g {cqal ndonmiesnThe fact that these counties do not
rely on coal production as a main economic driver is significant given that coal mining
has played a role in shaping the culsaad economics of much of tigentralregion of
Appalachia. Much bthe existing research on career choice in rural Appalachia focuses
on coatproducing areag.g.,Ali, 2006¢ Chenoweth, 200Mclimoil & Hansen, 201D
The economy in thstudyarea in contrasthistorically has a stronger base in
manufacturing, creating a different set of economic and cultural dynahptsyan
s t u d eercepsodof available, possible, and desirable career cheiad®gamics not

fully explored in previous studies.
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The selected countigsoreover, are representative of a number of similar rural,
distressed, neimterstate, and neooal counties in the Cumberland Plateseathat may
benefit from the findings of this study, including, but not limited to, Macon, Overton,
Fentress, Scott, Morgan, DeKalb, Cannon, Warren, White, Van Buren, Sequatchie, and
Rhea in Tennesse€igure 2.2 shws both study counties and the similar counties.
Exploring how students in this area view engineering as a future career can provide a
more localized understanding of the kinds of barriers and supports available to them and
thus assist future efforts ttrengthen economies here and in simalezaghroughout

Appalachia.

Study Area s

Kentuck = @
,

North
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24 .
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Rural Cumberland Plateau

Figure 2.2 Rural Cumberland Platg@@nnessee Interstate Highways Map

Geographically, the Cumberland Plateau is less mountainous than areas typically

associated with Appalachia such as those in Eastern Kentucky, West Virginia, East
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Tennessee, and Southwest Virginia. This geografibws for better roads and more

rapid access to populated areas than more mountaeotisnof AppalachiaBetter
transportation networks have been described as critical in developing the Appalachian
region by increasing access both within the regioa to the rest of the country

(Isserma & Rephann, 1995This access is a link to more diverse career exposure,
which, as noted earlier, has been shown to I
career pathgCarrico,2013 Marshall et al., 2011 Access in thisreacan provide a

broad range of exposure and future possibilities for individuals and allow the choice for
individuals to remaimelativelyclose to &mily and culture. However the study counties

do not have interstate accestich creates economic addtancebarriers. This limits
access to economic opportunitiedyich in turnlimits exposure to career options within
these counties. Thidistanceseparates these counties from their neighboring counties

with interstate access.

The counties under investigation lack acéemscess via an interstate, but also access
to career choices for their children. To better understand how the countiescsetenpare
to the United States and Appalachia as a whole with respect to key variables, Table 2.2
provides education, economic and population data for the U.S., Appalachia, and the four
counties under studtgken from the American Community Survey and thast recent
reports available from the Appalachian Regional Commission at the time of this research
(Appalachian Regional Commissia?)13a U.S. Census Bureau, 2013The data show
that, while similar teeach other, these counties fall well below the country and the larger
Appal achi an r egi onéssTheaecaumties havesfewergollegd graduatest e g o r

in residence than the United States or Appalachia, with only approximately 10% of
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individuals holding a B.S. degree or higherell below the U.S. (28%) and the Appalachian
region (21%)Thisareaalso strugles economically, with 19% of individuals in the selected
counties falling below the poverty level and an average income of just over $3@,000.
comparison, over 15% of Appalachiaas a wholgare below the poverty level and the
median household inconig below $43,000, while only 14% of U.S residents earn below
poverty level and the average national household income is approximately $52800.
study counties are also more rural. Appalachia has a population density of 122
persons/square mile, whileghJ.S. average is 86 persons/square mile; the counties under
study fall well below each of these with an averagedgi€édsons/square mil€inally, the
counties studied exhibit far less racial diversity. Minorities comprise 16% of the Appalachian
region,as compared to 35% of the U.S. populatiime data are even more dramatic for the

study counties; minorities comprise only 3.4% of the population settwinties.

Table 2.2 EducatiohevelData(U.S. Census Bureau, 2013

% % Bt:f:)w H,(\)Al?g;?wgld Persons/Squar %
Education Highest Level Atiiaed _H.S. B.S. Poverty | Income Mile Minority
Diploma | Degree Level $
United States 49.6 27.9 13.8 51,914 86.1 35.3
Appalachian Region 54.8 20.7 15.6 42,498 122.3 15.7
Four Counties Selected Counties

Clay Courty 40.2 10.8 19.9 28,682 33.2 3.5
Jackson County 431 9.3 229 32,846 37.7 2.2
Bledsoe County 40.9 9 21 35,137 31.7 5.9
Pickett County 44.8 11.9 17.1 31,157 31.2 2.1
Average of four county area 42.25 10.25 19.2 32,342 335 3.4
Difference of four courptarea and U.S. -7.35 -17.65 +5.4 -19,572 -52.6 -31.9
Difference of four county area and App| -12.55 | -10.45| +3.6 -10,156 -88.8 -12.3
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Table 2.3 offers a closer look at the counties under study, providing more details
regarding the conditions within eachunty. Commuters in these counties report a mean
travel time of 30 minutes, compared to 25.5
| owest economic category of fAdistressed, 0 ba
rates, per capita incomay@poverty ratefAppalachian Regional Commission, 201 ¥ar
example, in Bledsoe County, only a third of the populasafworking age and employed.

Educational data in Table 2.3 ajsortraysan image of schools with low populations, ACT
scoes below the national average, and high numbers of economically disadvantaged students

(ACT, 2012.
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Table 2.3 CountyevelData(ACT, 2012 Appalachian Regional Commission, 201B&S.
Census Bureau, 2013

United | Bledsoe

County Data States | County

Clay County| Jackson| Pickett

Population 316,326,000 12,876 7,861 11,638 5,077
Mean travel time to work (minutes) 25.2 32.8 29.7 31 29
ARC County Economic Status(2013) NA Distressed Distressed Distressed Distressed

INDUSTRY DATA

Civilian empbyed population 16 years

and over 140,399,548 4,211 3,154 4,146 2,336
Percent civilian employed population 1¢
years and over 44% 32.7% 40.1% 35.6% 46%

Agriculture, forestry, fishing and

hunting, and mining 1.9% 4.6% 3.3% 4.0% 7.0%
Construction 6.1% 15.1% 13.6% 11.2% 12.2%
Manufacturing 10.4% 18.1% 13.6% 15.9% 15.7%
Wholesale trade 2.77% 0.3% 1.7% 3.4% 1.0%
Retail trade 11.6% 14.6% 13.2% 11.9% 6.1%
I{iﬁgzgortaﬁon and warehousing, and 5.0% 21% 5.1% 7.4% 8.7%
Information - 1.6% 1.3% 3.2% 4.%%

Finance and insurance, and real estate 6.6% 4.0% 2 6% 3.3% 5.0%

and rental and leasing
Professional, scientific, and manageme
and administrative and waste 10.7% 3.5% 3.1% 6.3% 6.1%
management services
Educational services, and health care &

. . 23.2% 18.3% 23.6% 26.8% 20.8%
socid assistance
Arts, entertainment, and recreation, anc 9.4% 5 9% 6.20% 2.0% 4.9%
accommodation and food services
Other services, except public 5.0% 4.6% 4.1% 1.2% 3.9%
administration
Public administration 5.1% 7.4% 8.5% 3.5% 3.6%

EDUCATION DATA

High School Population NA 531 287 458 197
% Considered Economically -
Disadvantaged 70.6 66.9 66.7 55
2012 Graduation Rate(%) - 81 96.1 90 96.2
2012 ACT Composite 21.1 19.3 18 17.3 18.9
2012 ACT Math 211 19 17.8 17 18.7
2012 ACT Science/Reasoning 20.9 195 17.7 17.3 19.1
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With respect to employment options, industry data in Table 2.3 shows that unlike
much ofCentral Appalachia, mining is not a primary source of incdmtct, agriculture,
forestry,fishing, hunting, and mining represent a very small percentagewbrkers in the
study countiesTraditionally, the study counties hansdied on manufacturing as the primary
employment sectdiSmith, 2012. Recently however, the primary employment sector has
transitioned toward educational services, healthcare, and social assistandeg
manufacturing to secon@onstruction and Retail Trade also employ a large percentage of
workers in this areavhile science engineering, andechnical related careers make up a very
small percentage of the workforce. Together, these characteristics are indicative of economic

and educational struggles attributed to rural Appalachia.

2.3.1Engineering along the Cumberland Plateaccess and Opportunities

Despite the apparent challenges, howevessttiay arealsoprovidesopportunities.
Thestudyarear s centrally | ocated bet ween t-hree
Nashville, Knoxville, and Chattanoogss opportunities are discussefd,a r agpounities
refer to this geographic areacluding Nashville, Knoxville, and Chattanooga unless
otherwise stated/Vhile the counties under study do not have direct access to an interstate,
interstates and other highway netk®are in proximity to the counties and connectitea
to the metro centers, as seen in FigureAsareviously described, this connection provides
individuals residing in the studgreaaccess to multiple educational and employment
opportunities witin commuting distance, 1 hour, of their hoifileese opportunities include
higher education institutions, engineering opportunities, and the potential for future

expansion.
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With respect to higher education, Tennessee Technological University (Tennesse
Tech), located in Putnam County Tennessee, is withih@t commute of most portions of
the studycountiesWhile Tennessee Tech is the closest engineering school for most portions
of the study area, engineering can also be found in universities kvilapChattanooga,
and Nashville, providing access to multiple higher education options within a two hour
commute (100 miles) of the studyea Schools in these cities includee University of
Tennessee, Vanderbiiniversity, andthe University of Tenessee at ChattanooJdnese

schools all offer accredited engineering programs in many disciplines.

Thebroader arealso offers employment opportunities for engineers within
commuting distance of the studgunties with numerous opportunities in theddie and
eastern portions of Tennessee (Nashville, Knoxville, and Chattan®@gd3oe County
is situated in Southeast Tennessee in proximity to Chattanooga and surrounding areas,
where opportunities include the Volkswagen automotive plant, the Tennédbkae
Authority, and many other€urrently, hydropower is produced the aredhrough the
Tennessee Valley Authority and the Corps of Engineers along the network of lakes and
rivers in the aredn addition, other opportunities for engineersst in Pinam County,
in close proximity to Jackson, Clay, and Pickett couniiess areaoffers several
manufacturing facilities including OrecRussellStover, and Flow Servén addition to
these highly visible opportunities, Chattanooga, Cookeville, and twes within the
areaoffer opportunities with small engineering firms, state agencies (environment,
transportation, economic development), and other facilities.

Moreover, current needs for economic development identified by &0it) offer

additional opportunitiesncluding expansion of infrastructure to remote areas, expansion of
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businesses, diversification of the economy, améication ofthe larger community toward
common goalsMuch of Appalachia, inclding the Cumberland Plateau, is working to
diversify its economyand energy represents a key development séctosector tied
directly to engineerin@Energy Workforce Trends and Training Needs in Appalachia,;2011
Smith, 2012. The construction of the Wacker plant, a facility to purify silicon for solar cell
production, is a current example of this diversification in Southeast TenriEHssse efforts
may create even more opportunities for students teuguiechnologyelated careers and
still remain close to home, thus making the idea of engineering as a career choice even more
relevant. Moreover, he energy sector, or any technoldmgsed industry, includes
opportunity for multiple professionghese iglustries not onlpeedengineers who develop
and desigrbut include supporting roles such as electriciaosstruction workers, business

professionals, laborers, and many other professions.

Diversification of the current economy within the stitgaincludes, and may
rest on the shoulders of, engineers in the futungversities and community colleges in
thebroader arehave the potential to educate a diverse workforce, including engineer
who are key in this diversificatioReports from both the RC and Upper Cumberland
DevelopmenDistrict agree that innovation and entrepreneurahgpthe key to
developing new and sustainable indigstthat can help theegiongrow, and engineers
are often entrepreneurial leadeiish the necessary skill to supg such innovation
(Energy Workforce Trends and Training Needs in Appalachia,;2ikbn, Paretti, &
Lesko, 2012Smith, 2012.

To illustrate this potentialnia personal interviewdrs. Lillian Hartgrove,

economic development Vice President, at the Catke@hamber of Commerce
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described efforts to utilize Tennessee Techdoad
Cumberland a headquarter location for engineering and d@gsagtgrove, 201P She
described a successful venture in Putnam County that services the unique market of spy
equipment to customers worldwi@ldartgrove, 201 She described this successful
company, which employs approximately 50 engineers, as a prime example of the
potential that exists ithearea(Hartgrove, 201p

Tourism offers another development avenue that could create engineering
opportunities. With respect to the focountesunder study, Dale Hollow Lake provides
Pickett and Clay counties with over 3 million visitors per year and approximately 14
million in revenue between the two count{®yle, 2012 The Economic Impact of
Travel on Tennessee Counties, 200ackson County is also located along the
Cumberland river and Cordell Hull lakaut receives much less tourism and only
approximately 2 million in revenu®yle, 2012 The Economic Impact of Travel on
Tennessee Counties, 2Q1Bledsoe County includes portions of Fall Creek Falls State
park, one of the stateds | argest and most vi
tourism revenué€The Economic Impact of Travel orefinessee Counties, 2011

Despite this potentiaMrs. RuthDyle, Executive Director of the Upper
Cumberland Tourism Associatiotiescribed the cultusef theareaas not accepting
touri sm as decdusdedaes ot align dith the traditial work of
manufacturing that hdsstorically sustained the aréghe then described the need to
educate the public on the benefits of tourism, describing tourism as an industry that could
not be exported and that supports countless jobs including seewiertainment, dining,

construction, and infrastructure supp@tle, 2013. Dyle (2012 also described tourism
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as an industry that enhances the local community, builds infrastructure, and adds services
without adding the burden of supportiadgarger populationGrowth of infrastructure, in
particular, relies on engineering as a critical component of growth as the profession
supports building, construction, planning and utilities.

Whether through tourism, the energy sector, spy equiproeatcurrently
undeveloped market, the ARC and Upper Cumberland Develomsntt describe
education, innovation, unified goals, and entrepreneurship as key ingredients in
di versifying the AppEndineeritgihas the potergialie al®e e conon
support profession to each of these endeatamgineering is not the sole answer to the
problem, but a strong engineering workforce in the area could provide the innovation and
technical leadership necessary to support diversificafioa.work egineers produce
will create jobs for multiple professions from attorneys to laborers helping to diversify an

economy and cultuse

2.3.2Summary

The Appalachian region of the United States has historically faced many
economic challenges and many runaaes of Appalachia still struggle with low
educational attainment, correlating with higher poverty rates and lower income levels.
This areais currently struggling to build a stronger and more sustainable economy, but
doing so depends heavily on effectagucation and training. For those efforts to be
successful, high school students need to be willing and open to pursue careers that have
not been part of the their local econor@yeating that willingness, and helping students
make informed choices abolieir future careers, requires first understanding how

students see their own futures and how they currently undersdaeeloptions such as
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engineering. But such understandings are always locally influenced by the communities
and cultures where studemow up. While the counties under study reside on the border
of Central and South Central Appalachia as defined by the ARC, such broad definitions
fail to account for the needs of these rural countieslerstanding how rural students

from the CumberlandI®eau view engineering as a future career will assist efforts to

reach potential students and further diversify the economy cdities

2.4  Future Possible Selves as a Framework for Exploring Career Choice in

Appalachia

2.4.1Future Possible Selves

As explained in Chapter 1, the proposed study will exgereeptions of
engineering careerchoieemong students in Tennesseebs rur
communitieausing theFPSframework.The framework, first proposed by Marcus and
Nurius in 1986, prodesame ans t o r e pr ideaeoiwhattheymaitv i dual s
become, what they would like to become, and what they are afraid of becdMandius
& Nurius, 1986, p. 954 Markus and Nuriug1986 explain that individuals are free to
create any variety of possible selves, but those possibilities aredlnom social
experiences: fAan individual is free to creat
possible selves derives from the categories made salient by the individual's particular
sociocultural and historical context, from the modetsages, and symbols providey
the media, and by the individdel | mme di at e s Maikus & Nwivsper i ence s (

1986, p. 95)
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FPSis salient torural Appalachian youth because of its strong connection to
sociacultural factors in shaping future possibiliteesdbecause of the link between
available role models arte ability to envision future careerAs previously described,
rural Appalachian youth have a strong rural culsardoftenlimited experience with a
full range of careerelated experiences, which migibit their abilities to develop
visions of themselves in the future as engindayeking at this population through the
lens of FPS providean understanding of how individuals iretetudy areaonnect past
experiences with their plans for the future, hbesestudents construct realities
associated with their future, and the factors and barriers that influence theeaschi@
better understand how FPS relates to the studyraf Cumberland Plategwuth and
their future career choices, the following work examines how the framework has been

utilized across other at risk or underrepresented populations.

2.4.2FuturePossible Selves in Action

Markus and Nuriu§1986 are credited with the development of Possible Selves
as a frameworkKerka, 2003. Since the initial article was publishedli@86, the
framework has been used to study a wide variety of participants across multiple settings,
addressing participants with various backgrounds, economicestansl living
conditions. The following sections highlight findings from several of tipasgcipant
groups.

One of the leading scholars in FPS is Daphne Oyserman, who often focuses on
inner city youth. Her studies have used FPS to examine how inner city youth view their
future, how this view is constructed, how intervention changes this ai@ivhow this

view affects their decisions and paths in (&0, 2000 Oyserman, 19932002
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Oyserman, 2004Dyserman, 2002007 Oyserman, Terry, & Bybee, 20DZFindings

from these studies indicate that the lens through which adolescents make sense of the
world has a large impact on achievem@yserman, 1995 For exampleOyserman

found that eighth grade youth whose academic possible selves provide them a better road

map were morsuccessful in schogDyserman, 2004aShe &o found that

interventionsassci ated with enhancing studentsod visi

positively impact academic achievement, moderate the effect of low parent involvement,
increasanterest indoing well, and help male students create less trouble at school
(Oyserman, 2002006 2007). In addition, Oyserma(2002 reported that an
intervention aimed at helping sterts imagine themselves as successful adults resulted in
students acquiring a more balanced set of possible sélm@danced possible daedccuss
when an individual has clear vision of feared and hoped for possible selves; balanced
selves are importanebause they provide additional motivational resources to strive for
the hoped for future and avoid the feared fuf@gserman, 199Qb

In addition to inner city youth, which include multiple races, studies have used the
FPS framework to better understand the possible selves developmpatihic groups
of minority stuents in a range of different settingsg.,Perry & Vance, 201,(Pizzolato,
2006 Yowell, 200Q 2002. For example, Yowel[2002 found that ninth grade Latino
students identified a gap between their dreams and perceived realities of their future
states. Pey (2010 indicated in his study with urban youth of color that boys were more
likely than girls to indicate loweasccupational prestige. Pizzolg2006 studied possible
self construction processes in college students of color from low income communities

and found that to be successful, students teeathintain community, family, and peer
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relationships. Such studies show the need for high careesfBeticy and enhancement
of minority studentsdé view of possible selve
networks.

The framework has also been usedttaly the role that gender plays in the
development oFPS and specifically how career decisions are influenced by gender roles
(Brown & Diekman, 2010Chalk, 200%Kerpelman, 2002Lee, 20072009 Robinson,

2003 Shepard & Quressette, 201Gender influences career choice among all groups,

but that influence varies with the individual situati&or example, Brow(2010 found

that men and women college studéfésired future roles were congruent with their

respected gender. He found that women focused more on famigymen focused on

career(Brown & Diekman, 201)) In contrast, Le€2007) found that low income mothers

focused on caring for children and making ends meet. As a result, thessggbsts

wel fare programs and policies would better s
addressed the educational possible selves of low income waeen2009.

Rural populations similar to ¢hstudy areaave also been studied by a limited
number of researchers utilizing FR@8th most studies focusing on rural women.

Findings from these studies indicate that participants from rural settings often lack
exposure to multiple career options, report few occupational future selves, and often
report a general lack of hogobinson, 2003Shepard, 200Shepard & Quressette,

2010. For example, Shepard and Quress@®d 0 found that rural adolescent women
reported few occupational and educational fusglees. These adolescents described
mostly personal attributes, but could say little about school and work pursuits, reflecting

a lack of exposure to various care@bepard & Quressette, 2010
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Collectively, these studies demonstrate the ways the FPS framework has proven
beneficial in understanding how individuals from various underrepresentedisk at
groups view thie future state. These future states are influenced by a number of factors,
ranging from rural students | ack of exposure

focus on the present need to feed their childtee, 2009 Robinson, 2008

243Approaches to Studying Individual s6 Futur e

In addition to understanding how FPS relatesutal Cumberlad Plateawouth,
it is important to understand how the FPS framework has been used, and the results of
various methodologies and approaches. While the FPS framework can provide rich
description from participants linking their situation to their percefuéate state, the
measures used to study participants possible selves determine the depth of description
captured in the study. TH&PSof participants have been measured utilizing a variety of
techniques. Methodologies used by past researchers includatoyug quantitative, and
mixed method approaches. The following sections provide an overview, along with

representative studies, of each of these approaches.

2.4.4QualitativeApproaches

Studies intending to understand how certain conditions influendeii vi dual s 0
future aspirations often use a qualitative a
perspectives. Many studies following the FPS framework utilize qualitative methods
(Packard, 2006 Among these, Packa(@d006 reviewed 141 articles detailing FPS
research and identified four methodological clusters: structured survey and interview

methodsparrative methods, visual methods, and drama methods. Of the clusters, the
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structured survey, notably the Possible Selves Questionnaire by Oy<e040,
remains the most commd@Rackard, 2006

The FPS Questionnaire, (Appendix A), is a qualitative measure that asks
participants to list what they expect to be ngsdr and their actions directed toward
those goals, then to list what they would like to avoid next year and their actions directed
toward those goals. Oyserm@®904q describes coding schemes to be used for analysis
of the possible selves, providing strategies tmcessful coding of expected positive,
negative, and balanced possible selves. Expected selves ardarattedssuch as
achievement, relationships, and personality traits. Feared selves are coded around the
same topicsfocusing on feared attributes thie description. The entire codebook appears
in Appendix A along with the questionnaire. The questionnaire and codebook method
have been utilized broadly in possible selves research and influenced qualitative,
quantitative, and mixed method variationsitm d er st andi ng an i ndi vi dueée
ambitions. One advantage of this structured survey method, as seen in the mixed method
approaches, is the ability to administer the measure to a large number of participants
(Packard, 2006 That said, the orenone format is more likely to yield complete
responses fim certain participants, including adolescents and the el(fealgkard,
2006.

Narrative, visual, and drama methods are less frequently utilized in qualitative
FPS studiegPackard, 2006 Narrative methods involve asking participants to respond to
questions about their future in written narrative descriptions. @pded narrative
methods have been showmprovide rich description of possible selves by allowing the

participant to tell their story. Visual methods, although rarely used, allow the participant
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to represent their possible selves through imagery rather than limiting the description to

verbal @ written response@ackard, 2006 Drama methodmvite participants to act out

their possible selves. This method is often used with children, allowing the participant to

express possible selves through actions rather than written or spoken word. Such

approaches are particularly helpful for participamit® may not have language to

describe their future visioWhile this method may enhance data collection, it is often

seen as difficult and time consuming to administer and properly ar@szkard, 2006
Despite innovative visual and dramatic approaches, though, the FPS

Questionnaire remains the baokie of most studies following the FPS framework,

including those researchers who desire to develop the riclepth data that interviews

can providgMarshall,2008 Pizzolato, 2006Shepard, 2003 For example, Pizzolato

(2006 usedthe FPS questionnaire to develop hour long s&mictured interviews to

understand how students of color from a low income community constructed their college

student possible selves. These interviews were transcribed and codes emerged to suggest

thatte se studentsdé possible selves devel oped a

self (Pizzolato, 2006 Similarly, Marshal(2008 studied urban adolesceatsareer goals

related to STEM fieldsagain using senstructured interviews along with the Possible

Selves Mapping Process, an innovation that utilized visual aids to assist in engaging

youth participant¢Marshall & Guenette, 201 Marshall, 2008 Participants in this study

were 1617 year olds in a biology career preparation program from multiple backgrounds

in an urban school. Thigwsly was longitudinal and multiple interviews were conducted

with participants over time. The study indicates that while classroom activities are

important, mentoring, experiential learning, family influences, and relationships with
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professionals are cr@al in developing career related possible sefiMeashall, 2008

Similarly, Shepharg2003 examined the possible selves of eight rural female

adolescents, age 118, from the interior of British Columbia using the Possible Selves
Mapping Interview. Findings indicate that the rural partistgdocused on personal

attributes and relationships as their primary possible selves, indicating a lack of exposure

and knowledge of the world of wofshepard, 2003

2.4.5Quantitative Approaches

While most studies utilizing the possible selves framework tend to follow a
gualitatveapps ac h adapted fr om OMaskesramddNaria$do8gG uest i ont
introduced the possible selvesrfrawork with results from a quantitative survey. The
initial quantitative survey was derived from the responses of a study in which the
researchers asked students to (@Markus1986s what
p. 958. This survey consists of a list of 150 possibilities for the future in six categories:
the self, physical &scription, life style, abilities, occupation, and how othepsnions
matter(Markus, 198%. Each of the podsilities includes positive, negative, and neutral
possibilities, resulting in a determination
selves and that these selves are not identical with descriptions of their current or now
s e | yMakus, 1986, p. 959

This questionnaire is often referred to as the CléswatiPossible Selves
Questionnaire, and has been used by other researchers since its introduction. The
guestionnaire is often used in conjunction with other quantitative measures to better
understand how different aspects of life influence possible selves. One such pairing can

be seen in DunkgR000, where he paired the closedd posible selves measure with
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an identity status classification. Pe(B010 simply applied a Likertype scale to the

level of education students hoped for, then paired this data with a peer belief scale to

conclude that peer beliefs were not related to career and educational possible selves.

Other quantitative studies following the FPS framework follow this same paitermg
guantifiable measures of participantsod possi
personal attributes, occupational interest, school success, or self regi@dagion

Chenoweth, 20040yserman, 2004&erry & Vance, 2010

2.4.6Mixed Method Approaches

Finally, many studies utilizing the FR@mework follow a mixed methods
approach, in which quantitative methods are used to gather information about large
numbers of people, then use qualitative methods to gather information in more depth
from some or all of the participaniBhe qualitative pdion tends to focus on
understanding how the participants view their future following the FPS framework.

Leonardi(1998 followed this approach with a sample of 289 high school students
from a neighborhood of lower and middle class familldge questionnaire utilized
existing quantitative insiments to analyze sedisteem, motivation, and persistence.
Additional student datasuch as grade point averagas also used to predict school
performanceFPSwere then obtained with a qualitative operded item in which
students wrote a short esgaydescribe themselves in the futurResults showed that
students were able to provideich description of their positive future selves and less
elaborated images of negative sel\femmales generally outperformed their male
counterparts academicallyytoprovided evidence of lower sasteemResults indicate

that students with a clear imagination of a positive self in the future were more successful
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academicallyLeondari, 1998 A similar approach was utilized to study the possible
selves of low income mothefkee, 2009. This study involved 327 participants recruited
from awelfare office and job training progran@uantitative measures included
demographic information and implementation of previously developed measures of work
- family conflict and self efficacy regarding managing work and faifMiywell, 2003).
Possible selves of the pi@ipants were again assessed with the egreted measure, in
this case the one developed by Oyser(2&049. Results indicate that mothers in job
training programs were more focused onjelated possible selves than mothers
recruited from the welfare officg.ee, 2009. Similarly, to study theelationship between
Latino studentdés conceptions of their future
(2002 utilized quantitative data from a large sample andapth interview data from a
smaller subseSurvey items measured educational and ocoompaitpossible selves, risk
for school dropout, and background characteristicsub sample of 30 students then
participatedinhout ong qual i tative interviews to furtt
possible selvegyowell, 2009. The findings showed that Latino studediemonstrate a
gap between their hoped for and expected selves, and that their feared selves were
indicative of academic performandeterview data, providing more depth in description,
showed that specifics and beliefs within the possible selves sfutients were critical in
determining the academic performance of these stu(®otgell, 2002.
These examples illustrate mixed met hod ap
possible selvefuantitative approaches are appropriate for gathering specific
information fom large groups of individuals and can link possible selves to other

constructs. Qualitative measures provide a more detailed and rich description of an
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individual 6s perception of their future

morehonedindividualized possible selves definitions.

2.5  Selection of a Qualitative Approach

While many studies exist that identify college aspirations, career aspirations,
vocational aspirations, college expectations, and othersgasidary activities of
Appalachian individuals, these studigpically utilize existing instruments to gain a
guantitative measure of the isqudi, 2005, 2006¢ 2008 Ali & Saunders, 2006
Chenoweth, 2004 These studies provide useful informoatabout the lives and
challenges facing Appalachian individuals based on known constructs, but no study
directly identifies the social and cultural barriers Appalachian students face in choosing
engineering as a career. This gap points to the needdbtagjive inquiry to more fully
explore these cultural and social dimensions.

Qualitative methods give researchers
experiences and how they construct mearrgswell(2009 describes qualitative
research as exploring and understanding meaning interpreted from data gained from
individuals andgroups.Value is found in qualitative research, particularly cpaced
guestions, by understanding the world through the views and realities of the respondent
(Patton, 200R This methodology allows researchers to understand the points of view of
other individuals without predetermining these points through previouslyfiddnt
categories, making it wedluited to the proposed stu(®atton, 202).

More specifically, as described by the Social Constructivist worldview, human

beings have the capacity to interpret and construct their reality, which is shaped by
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cultural and linguistic construc(Ratton, 200 Social constructivists develop meaning
from participants by listening to how they describe theirdd#ing(Creswell, 2008
Previous studies using the FPS framework implicitly adaptview, even when not
stated, by seeking to understand how individuals view their possible selves through
interviews in which the participants express their meaning and expe(Macshall,
2008 Patton, 2002Pizzolato, 2006Shepard, 2003 Simiarly, utilizing a semi
structured interview protocol will help to understand how these studentamiew
engineeringcareerin their future and will provide interested stakeholders with the

necessary information for future work with this population.

2.6 Conclusion

Literature on engineering career choice shows that strengthening the pipeline to
produce more engineers is not a homogenoushbek. fione si ze fits all o
for recruitment of students into the engineering pipefhggestions poirtb
strengthening engineering curriculum irlR settings, but teachers often resist as they
have little experience and understanding of the engineeringlfieddldition, Dick(1991])
shows that strengthening education is not enough bestudents need a range of
socializers including teachers, parents, and mentorderrepresented groups are even
more complex as they often face challenges related to culture, demographics, gender, and
other factors unique to their situatid®rior researh suggests that Appalachian students
demonstrate characteristics of many of these underrepresented groups, but look like
historically successful Americans, leading T4R007) to refer to Appalachian as an

invisible minority. Despite low levels of educational and occupational attainment in this
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population, however, very little research into career choice has beemdbisarea
The FPSframework has been used to understand how individuals, particularly those from
underrepresented or leachieving populations, form their future, and thus provides an

appropriate |l ens to view tmhercdhal.ldbenges f ace
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Chapter 3: Methods

3.1  Overview/Introduction
This chapter describes the design of this stlitlg. section begins with an

introduction describing this work and its relation to a larger project currently underway.
The following sections then prale a brief overview of the study area, participant
information, data collection methods, and analysis methods.

Data for this work is taken from a larger study currently underway within the
Engineering Education Department at Virginia Tedhe study, emtt | ed A Under st anc
Barriers to Engineering as a Career Choice A
the EIA (Engineering in Appalachia) project in the remainder of the chapter. Funded by
the National Science Foundation, NSF Grant Number-EE&269 the EIA Project,
seeks to develop atheoryofruéd nt r al Appal achian studentsdo |
engineering majors and identify potential interventidrgs dissertation is drawn from
data collected during Phase 1 of the project, which involvedstuctured qualitative
interviews with high school students, college students, and working professionals in the
engineering field.As discussed in Chapter 1, this dissertation study usésPtfe
following a Social Constructivist worldview, to understd how Appalachian students in
rur al a r e a sCumberlaimdePiatear snake @i@es choices and answer the

following research questions:
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RQ1 How do high school and college students from rural areas of the
Cumberland Plateau perceive their futuresea?
RQ2 How do these students perceive engineering as a career?
RQ3 What supports these students in envisioning and pursuing a future self that
includesanengineeringaree?
RQ4 What inhibits these students from envisioning and pursuing a future self
that includesanengineeringaree?
Establishing answers to these research questions will help stakeholders understand
challenges and opportunitidsese ruraAppalachian students face in choosing a
careerBy understanding st udabletoslgsignprmrecepti ons,

appropriate and effective interventions for this unique population.

3.2  Study Design

To address the research questions, this study uses a qualitative design following a
social constructivist approackollowing this approach, theugly uses the theory of FPS
to understand 1) how students from rural Tennessee counties along the Cumberland
Plateau have constructed perceptions of their future educational and career selves, and 2)
how these perceptions influence their career choicesgylarly relative to engineering.
Participants consist of high school students and college students fromnahareas of
T e n n e Lenderlénd Plateaollege students include those majoring in engineering
and those who were exposed to engineennggh schooivho are currently enrolled in
another majqras described in section 3.4, the latter population is particularly important

because they describe factors other than la¢rofal exposure that influenced their
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choices.To better understand nietdology for the studythe following sections describe

Social Constructivism and the overall study design in greater detail.

3.2.1Social Constructivism

As noted earlier, this work seeks to understand how students from rural areas of
the Cumberland Plaau make career choices, and specifically how they perceive
engineering as a career. A better understanding of how this perception intersects with
studentéviews of their future self will aid stakeholders such as guidance counselors,
teachersand collegeaecruiters in developing outreach methods in this and atlecs
with similar cultures. A useful worldview to frame the stud$asial Constructivism.

The following section describ&ocial Constructivism in more detaiproviding a
description of consticted reality, how this reality can be investigated, and its alignment
with studying engineering career choiceunal Appalachia.

The intent ofSocial Constructivism is to make sensetb& meanings individuals

have of the worldCreswell, 200Y: this perspective posits that meaning is negotiated
socially and historicallyand formed through interactions, and cultural nof@reswell,
2007, Crotty, 1998. This meaning is viewed as relative to time and place and cannot be
generalized across settind®atton, 2002 Social Constructivism is based in the premise
that the human world is different from thetunal or physical world in that it is not an
objective, measurable realityut one shaped by cultural and linguistic constr(R&gton,
200d0. This constructed reality, however,
individuals and is real in its consequen(fatton, 2002

Research that us&scial Constructivism as its worldview seeks to study the

realities constructed by individuadsid how these realities influence their liyBstton,
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20032. It assums thereality is constructed by individuals as they seek understanding of
the world in which they live and develop meaning from their past experiencds, and
becomes Atruthod as consensus i s negotiated a
familial, sodal, professional, and other communiti#ghus takes broader and less
clearly bounded view than methods such as phenomendg©@gswell, 2007Patton,
2002. Phenomenology, which is groundedSocial Constructivism, seeks to understand
how individuals construct reality around a clearly bounded phenomenon such as how first
generation college students experience the first year of cgBrgewell, 2007 Trenor,
2009. SocialConstructivism, in contrast, addresses how individuals construct and act on
the social realities that are less clearly erth Because the process of constructing
future selves and selecting careers is complex and embedded in an array of localized
social, cultural, and economic factors and experiences that accumulate over time, the
broader scope @ocial Constructivism maket a useful framework for this study.
To explore how individuals construct reality, social constructivist researchers
focus on participantsoO6 per ce@reswal, 2807 of t he ©br
Creswell, 2009 the historical and cultural setting where these perceptions were formed,
and how these percept i o(esweln20dy Teobtaie parti ci p
these perceptions, researchers interact with participants, often in théGrelity, 1999;
interviews that seek to solicit participant @
common and effective form of data collection. Interviews allogvresearcher to hear
what participants have to say about their world as they describe their reality and how it
shapes their actions. Data analysis then seeks to understand the meanings participants

have constructed. Bias potentially entersintothestudy r esear cher sd past e
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inadvertently shape interpretation and mear(@mgtty, 1998. To reduce such bias,

social constructivist researchers continually return to the data representing the
participants06 perceptions ofstrheealpiatryt iacnidp aennts
rather than t he (Qresveelk 2009€CHote,r1398. Deneopmentrofias

codebook for data analysis is a critical process to reduce bias and ensure accuracy in the

analysis process.

3.2.2Study Design

In the context of this study, understanding participantguions about possible

engineering careers in rural areas of the Cumberland Plateau is critical in answering the
research questions. UtilizingSacial Constructivist worldview and ESto frame the
study all ows parti ci paoremnesgeindatargenergted thmugls of t h
semistructured interviews. Notably, the FPS framework is rooted in a social
constructivist perspective as it seeks to understand how participants envision their future
(Markus, 1986Patton, 200R The intervisw dat a refl ect the participg
Atruths, 0 explanations, beliefs, and worl dvi
Investigation of college age participants helps to explain consequences of these
perceptions as students progress towaed tiopedfor future.

Figure 3.1 below shows the overall design of the study, which relies primarily on
interview data, with additional insights provided by county, state, and regional

demographic data.
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Protocol construction
informed by literature and
frameworks

Initial interviews identified
needed revisions of the
interview protocol

Protocol revised to create
better conversation

Total Tennessee Participants:

27 High School
7 College Engineening
5 College Non-Engineering

Protocol revision 1s an
iterative process as data
analysis informs the study

Through analysis, codes and
themes emerge describing
the participants perceptions

Figure 3.1 Visualization of Qualitative Design
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The first phase involved creating the interview proto€olserve the full scope of the

EIA project, he interview protocol was informed by both FPS and Social Cognitive
Career Theory (SCCT), along with prior research on career choices @&ppalqichian
youth (e.g.Ali, 2005, 2006a 2008 Chenoweth, 2004_ent, Brown, & Hackett, 1994
Markus & Nurius, 198§ Pilot interviews informed revision to the initial protodmfore

a broader set of interviews was conducted. The EIA project included interviews in both
southwest Virginia anchiddle Tennessee, and, as noted above, employed multiple

analytic frameworks. Thidissertationncludes only participants fromural courties of
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Tennesse® €umberland Plateau and uses only the FPS framework for analysis; for work
relating to the SCCT componeiaind the Virginia participantsee the dissertation

entitledVoices in the Mountains: A Qualitative Study Exploring Factors érfling

Appal achian High School S tbyDa. EhetylCarricEn gi neer i n

(Carrico, 2013

Data analysis icludedan iterative procesthatstarted with an initial codebook
with high level codes derived from previous literature and-P8framework. This
codebook informed a second iteration of coding involving a more direct application of
the FPS framework. Ese derivations informed a final codebook and method in which
the data was manually coded utilizing a blend-pfiari and inductive codes derived
through these iterations. Each interview was then summarized and a visual matrix was
created to analyze tliata. This process was used to categorize participants into three
categories based @tcesdo engineering and #ir intent to pursue the career, a process
described in detail in section 3.6. Care was taken throughout the process tdletsure
reliable ad trustworthy data emerged from this study to reflect the voice of participants.
This care is reflected in the thorough description of the methods used throughout the
study seen in the following sections. Section 3.7 reflects this care as | descrikasnuy bi

ensure that my interpretation of the data reflects the voice of the participants.
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3.3  Areaof Interest
As described in detail in Section 2.3, this study focuses on participaartsain
commonly referred to as the Cumberland PlatedlennesseeCounties of interest in the
areaar e classified as fArural o and fAdistressedo
(ARC), and do not have an interstate in the county-{ntarstate) Specific counties
included in the study are Bledsoe, Clay, Jackson, aket®id full description of these

counties appears in Section 2.3; key details are briefly summarized here.

As noted earlier, thiareahas been selected as it represents a subset of Appalachia
with very little previous research around career chdibés studyareademonstrates very
low participation in higher education (10% B.S. degree attainment), high rates of poverty
(19%), low population density 43persons/square mile), and is predominately white (3%
minority). Theared s e c on o mi ¢ Imaanefaciursg, in eonttasd to etlter o
rural areas of Appalachia commonly studied where coal production is dominant. Tables
2.2 and 2.3 provide detailed data on the achievement and employment variables for the

selected counties.

This studyareais also of hterest to me personally because | am from, and have
numerous family ties, to the aréayrew up in a rural community on the Cumberland
Plateau in Bledsoe Countlany of my family members are educators and have
dedicated their careers to serving studenthis areaAfter completing my B.S. in Civil
Engineering angracticingin industryfor a few yearsl found myself pursuing my M.S.
in Civil Engineering at Tennessee Technological University in CookeVidlenessee

while teachingengineering coursedilizing theProject Lead the Wagurriculumin
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Jackson and Clay countieshus better understanding student

their access to a broader range of career opportunities is a strong persodatiggahis

dissertation study

3.4  Participants

3.4.1Sample

Following advice presented by Cresw@007), criterion sampling was used in
selecting participants for each category of the st@digerion sampling is used to ensure
that the participants meet the criteria for the study. For exathgldennessee study
countieswereselected based on locatiademographics, and acceas.previously
described, the four counties selected for study with high school students represent a
unique subculture of Appalachi@hese counties represent demographics and geography
associated with other areas of Appalachia,with industry not heavily reliant on coal
and extractive technology, and with notably lower levels of education and higher levels

of poverty.

While criterion sampling identified several representative Tennessee counties for
recruitment, the four caties chosen for study resulted from my relationships with
school personnel and administrators. This access and support ensured access to high
school participants in the four distressed counties and identified representative
demographics from which to che® college participants. Through these relationships,
contacts in each high school were identified to assist with recruitment of participants.

These contacts included principals, guidance counselors, and teachers. Each contact was

53



presented with informatioabout the study and proper parental consent and student
assent forms. As is common in research involvirgiZstudents, recruitment of high

school students was left to these contacts because they have direct contact with students
and parents/guardians desseminate invitations and consent for participati@ontacts

were asked to provide a representative sample of students from their Sample size

and participant experiences varied within each of the sgha®shown in Table 3.The

pool of paricipants ranged frorh students in Jackson County8garticipantseachin
Bledsoeand ClayCourties A total of 27high school studennterviewsare included in

this study.

Table 3.1 Tennessee High School Participants

High School Participantsby County
County St2u (()Jlleznts Male |Femalel Total
Bledsoe 531 3 5 8
Clay 287 3 5 8
Jackson 458 4 1 5
Pickett 197 2 4 6
Total 12 15 27

College studentaereselected using the snowball approackvhich initial
college students, whmet thestudy criteria helped in soliciting additional participants
for the studyMiles & Huberman, 1984 Criteriafor the college students included
students from one of the four counties who wadtleer majoring in engineerirg had
formal exposure to engineering in high school and currently enrolled inestmo#jor.

Using this approach, administrators and teachers from the high schools in the four

counties assisted in recruiting previous studéinisr ough t hese participan
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other college students from thesawere recruited to participate ihd study.

Importantly, the snowball technique yielded participants from counties throutdpieout
Appalachian region ofennesseancluding counties outside the bounds of this study.
Fdlowing the criteriafor this study, however, only those college studémm within the
selected counties are included for data analpsishown in Table 3,2his method
provided 7 college students pursing engineering degrees and 5 college studgmti®mwith

exposure through a formal progrdmt nowin another major.

Table 3.2 Tennessee College Participants

CollegeParticipants by County
County | Engineering Male | Female| Total
Yes 2 - 2
Bledsoe
No - - 0
Yes 3 2 5
Clay
No - 3 3
Yes - - 0
Jackson NO 1 >
_ Yes - 0
Pickett
No - - 0
Total 6 6 12

Participans were added as tlamalysis proceedead an effort to reach saturation
with respect to the findings develop meaning and present an exhaustive description of
t he partici pant BP§Crpsavell,c280FRatton, 200R Takle 3.8 shews r

the total participants in each category.
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Table3.3Tennessee Interview Participants

Rural Cumberland Plateau Interview Numbers
Category Male Female Total
High School 12 15 27
Collegei Eng 5 2 7
College- Non-Eng 1 4 5
Total 18 22 39

With saturation achieved, these participants demonsttadestudents, across career

paths, desire in their future careers and factors that enhance their assbetatgan

engineeringarees andthese deses.

3.4.2Patrticipant Protection

To ensure the protection of participartteeresearch protocol and all supporting

documentsvere submitted o

Virgini a

Techos (IRB)ptiortd ut i onal

interviewing participantdRB # 12444 ,was approvednd any subsequent alterations to

the study were submitted as amendments throughout the interview p/gseassart of

the IRB process, directors from each county school system involved in the study

submitted support letterkr addition, because | watsa employed as an adjurfeculty

memberat Tennessee Technological University during the course of data collection, a

parallel IRBwas approved by Tennessee Technological Univessitgeptember 26,

2012.Participants under the age of eightpenvided loth parental consent and the minor

s t u d assent beforparticipating in the interview. e Institutional Review Board of

Virginia Tech requires the assent of able minor participadmis assent is not legally

binding but without permission from thénidd and parent the participamtustbe

removed from the studyfwo researchers (myself and a female researcher from the EIA
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project)were present during each of the high school interviews as an additional safeguard

for the participargand researchsr

3.5 Data Collection

3.5.1Use of SemiStructured Interviews

As detailed in Chapter 2, the Appalachian community has been described as an
invisible minority in previous resear¢fiang & Russ, 2007 Limited research has been
done regarding career choice in Appalachia, and no exhaustive studies are available to
describe engineering as a career choice iratfeia Without previous research to guide
inquiry, this study used qualitative, sestructured interviews to explore engineering
career choice in thigrea Interviews are the primary collection tool utilized with #eS
framework when studying populations haiut extensive prior workand a common
method for social constructivist approaches gene(@ltgswell, 2007Packard, 2006
Patton, 200

Although some FPS studies use a structured approach, this study employed a
semistructured protocol to provide botbnsistency and flexibility in the interview
processandto create a discourse or conversation involving interpersonal engagement
between the researcher and particigaangdridge, 200;/Valle & Steen, 198p
Structurednterviews may save timéut theyelicit more narrowly constructestimulus
response type interactis(iValle & Steen, 198p In a semistructured interviewthe
researcher poses opended questionshifting the power in the conversation to the

participant as the researclaacepts and values hdhe participant frames responses
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(Rossman & Rallis, 20)2Semistructured interviewdor thisresearchare designed to

follow categories established by the researelele simultaneously establishing rapport

andseki ng to explore parti ciRossman&Rallidh2002i ef s abo

The protocol allowthe researcher to ask opended questions and probe for
responses from the gaipant allowing the researcher the flexibility necessary to explore
participantsod exp@®ossmam&Ralis, 20)2This gpaachalgot i on s
aligns well with theoral, storytellingcultureof rural AppalachiaGlen (1995 describes
the use of oral history in the region to learn how people utaaersheir past and present
conditionsas particularly effectiveFinally, the semstructured approach is wedlited to
work with young adultsRossmar{2012 discusses theeed to bdlexible when
interviewing young adulislescriling past studies where delicate probing throughout the
interview was beneficiaBimilarly, Freemer(200@ pr ovi des ti ps from an
standpoint on interviewing minors in a short handhaotiudingestablising strong
rapport keepng questions simple, refraimg from using words not easily defined,
framing questions in terms of the participai¢sperience level, and monitog time as
minors attention spans are often shorter than adihen employing a senstructured
protocol, however |t is the responsibility of the researcher to monitor the interviewing
strategies and be prepared to make adjustments as necessary for the benefit of the

research and participafRossman & Rallis, 2032

3.5.2Protocol Development

Following advice from Langdridg@007), questions for the protocol were
developed byombing the literature to establish kegues irrural Appalachiato be

explored forming the overarching structure of the interviglese issues includedral
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Appalachian8desire to remain close tamily, low education levels limiting available
mentors, traditional physical working conditions, dack of confidence in acquiring
higher education, as noted in Chaptef@pics within the protocol also include two
central frameworks of the EIA projedtPS and SCCTLhequestionsverestructured to
flow logically and naturallyfLangdridge, 200/
Pilot interviews were conducted with high school students, college students, and
working professionals that informed protocol revisidngerviews with working
engineers informed the overall protocol, but were not included in the analysis because
studentsverebetter able to reflect on their perceptions of an engineering career and the
experiences that result in these perceptions than professionals currently in an engineering
career. The protocol was restructured through multiple EIA team meetings to ensure
quality (Carrico, Boynton, Matusovich, & Paretti, 2Q1Bitial structuring of the
protocol began with the particpo ant s6 pl ans for the future, th
setting tracking toward these future pladswever, the pilot interviews showed that
participants struggled to frame their future plans early in the inter@hifting the
interviews to flow chroalogically through time, beginning with discussion of their
current situation (e.g. high school participaatsasked about school); and asking about
future plans near the conclusion of the interview provided more insight into the factors
that shaped thearticipantéf ut ur e deci si ons and richer desc
FPS In addition, engineering is intentionally not addressed early in the interview to allow
the topic to emerge with each participambwever, pilot interviews also showed the
need to include a probe about engineering whe

if the topic had notemerged.hi s pr obe hel ped to uncover the

59



and understanding of engineering as a career choice, and was especially seful w

participants had little understanding of the engineering field.

Table 3.4provides the general structure of the interview and sample questions

used for both high school and college studevitte that questions are not neatly divided

into FPS, SCCT,rad Appalachian issueRather, questions were developed to capture

salient dimensions of each of these framewarkse providing conversational flow.

Completehigh school and college protocols are provided in AppeBdix

Table3.4 Interview Protocol Sapie

EIA Interview Protocol Sample

Timing

Focus

Question/Prompt

Past

Home/Cultures

Where did you grow up?

Tell me what it was like growing up there/here?

Are there any other key people who influenced you in your life a
why?

Growing up, whakind of jobs did some of the adults you know
have?

Present

Career Plans

What type of job are you considering? Why?
Does the location of the job matter to you? Why?
Il s there a job or a career t}

Have you ger thought about engineering or technical jobs as a
career choice for you? or Why are you thinking of engineering o
technical job?

Future

Future Possible
Selves

So, we have talked about your plans. Imagine yourself in 10
year séDescr i bisgomwghtabe likg?o ur | i f ¢
Who do you want to be?

What do you want your job or career to provide?
What do you expect to become?

What is most exciting about your future?

What do you want to avoid?

What scares you most about the future?
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The potocol begins by building rapport with the participant before discussing
childhood, geographic location, family, and mentors. This portion of the interview
explores participantsOd past experiences
relate to areer choiceQuestions in this portion of the interview daiegelybased in the
Appalachian literature and explore how culgifamily, and geography influence
perceptionThese questions are also framed by SG&hich provides insights into
career chae through construcgich as interests, supports and barriers, outcome
expectations, and choice goals.

The protocol then moves the presentThis sectiorasks the participant to describe
jobs or careers under consideration, and is particularly infeeebg FPS protocols such
as those developed by Oyserng@yserman, 2004bRelating to previous work in
Appalachian literature, seiglg to understand how the perceived location of the future job
influences career choice is importafsppalachian literature demonstrates the desire for
participants to remain close to fam{Bennett, 2008 It is also important here to
understand previous experiences the participants may hawéthaghgineeringin
addition, seHefficacy and other barriers are explored by asking participants if jobs exist
that they cannot pursuas this portion of the interview concludes, participants who have

not mentioned engineering are probed about thisecahoiceThis question allows the

researcher to determine the particanpantsa©o

engineeringcareer It also represents an intersection of frameworks in the protocol as
environmental factors associated witinal Appalachia (SCCT) are explored to determine

how these influence perceptions of hoped for and feared future states (FPS).
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The interview then tr anaskngthemnosmagiee t he par-t
themselves in 10 years. This time frame wasnoftdjusted so that participants were
visualizing themselves in their career of choitleis portion of the interview isost
directlyinfluenced by thé&PSframework(Markus & Nurius, 1986 The questions are
modified from theFPSQuestionnaire developed by Oyserman g@meviously used in
several studies to determine how underrepresented youth made choices about their future
(Marshall, 20080yserman, 19904993 Oyserman, Bybee, Terry, & Halbhnson,
2004 Oysermanetal.,2002T hi s porti on of the interview e)
experiences have shaped their view of the fufrebes are in placto determine hoped
for and fearedPS since both aspects of the self provide motivation toward an end state
(Oyserman, 1990b

Though following the same general structure, the protocols for high school and
college populations differ slightly to reflect the current situation of participAftes.
initial rapportbui di ng, the high school protocol focus
and interests in school before transitioning into discussion of their home/sLiltnee
college protocol, in contrast, explores the particigaousrent setting, their major, and
reasons for their choice prior to exploring their home/cudtdreus high school students
discuss college plans near the end as they describe their future, while college students

discuss major choice and career selection as a current situation.

3.6  AnalysisMethods
As indicated in Table 3.3, the data set for this study includes interview&xvith

high school students, 7 college engineering students, aole§e students who had
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exposurdo engineeringhrough a formal program bate currently enrég¢d inanother

major. High school and college participargigan the four counties in the stumhga Each

of the interviews was audio recorded and transcribed verbatim to produce transcripts for
analysis. Analysis of the transcripts focused on answerangedearch questions,

building an explanation of how students in thisal Appalachiarareaof Tennessee

perceive engineering as a future career, and identifying supports and barriers to this
career choice. The richness of qualitative data allows explgnatd causaklationships

to be determined without randomized and controlled experinfgtiess & Huberman,

1984). The findings are supported by direct quotations from the data to ensure reliable

and trustworthyesults(Patton, 2002

3.6.1 Coding

Coding of the data took place through an iterative process to reach a final
codebook and set of results. Similar to the processideddny Miles and Huberman
(2014, an initial list of codes was developed from previous literature, the conceptual
framework, and the research questions. Similar to most previous research following the
FPS framework, this initial codebook, seen in Appendix C, waseinfled by
Oy s e r FWRSEu@estionnaireThis initial coding took place with the qualitative
analysis software MAXQDA. Through the use of initial codes, | met WEtA team
multiple times as data was collected and transcribed to reameldiscusnitial results.
Miles and Hubermafil984) describe this procedure agydeneficial as it allows the
researcher to identify blind spots and enhance the interviewing strategaiag to

better quality data
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Through review within these meetings, coding was reviseaot@ fully utilize
the FPS codebook developed by Oyseri29049. This codebook can also be viewed in
Appendix C. Thecodes presented in the FPS codebook were used across time intervals to
capture how a participantds culture and past
including engineering. This coding processoalitilized MAQQDA software. While this
process provided a useful perspective, the results did not fully align with the research
guestions or effectively captithe local perspectives regarding how these participants
view engineering as a caresp a firal round of analysis was conducted

The final codebook was developed usingdbdes developed througiior
analysis butthenmanually reviewing each transcript and creating a summary sheet for
each participaniThis summary was initially informed byerious literature, the
conceptual framework, the research questions, and results of previous coding. Additional
codes were added inductively throughout the process to fully develop the summary sheet
and codebookMiles et.al(2014) supportshe process of inductive cog) as beneficial
when uncovering a local factor. This proctassformed the initial summary sheet into a
usefultool to ultimately answer each of the research questi@ide 3.5displaysthe

final codebookwith the associatedummary sheet availabie Appendix D.
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Table 3.5 People not Print Codebook

People not Print Codebook

Code Definition Example
Very safe area
Community Description of the participgbDondét ever | o
People are nice
Descriptonof t he partici pant s d h dParentsverysupportive of
HomeCultures education and career. education

School Culture

Description of school culture particularly related to higher
education and engineering as a career.

Small school, tea@rs know
students and care about the|
success

Personal Connections

Participantsd description of

Everybody knows everybody

Geographic Location

Description of the parti gi pséd
physical characteristics of tlageaand proximity to resources
such as entertainment, education, and careers.

Long distance to the movie
theatre/store

Access to Information

Includes description of career exposure through formal and
informal experiences and personal connections.

Ag Department discusses
engineering in courses
related to building.

Formal Program

This codeincludes description of any formal program or activity
that introduces engineering. Tlisdecan include a course, cam
or other formal event credited with providing engineering
exposure. In addition this code captures any description of
exposure provided by the program.

School offers dual credit
courses and PLTW
engineering classes

People

Primary Support

This includes description of pelepdescribed as a career mento
These codes include discussion related to any professional
credited with providing exposure to a future career.

This includes people that the participargdits as their primary
source of personal exposure or support to a future career.

Met engineers through
summer internship.

Father, an electrician
stresses the importance of g
degree in electrical
engineering to avoid
physically demanding work.

Local Careers

This includes parent/family caers and associated education le
careers in the local community, location of these careers, and
careers/jobs directly experienced by the participant.

Factory workers, many
factory workers displaced
when local factories closed.
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People not PrintCodebook

Code

Definition

Example

Future

Participantsd
future.

description

Stable employment, good
income

Hope For Future

Career

Career Attributes

Description of the participants desired futued.s

Description of the participantstendedfuture career.

Attributes the participant associates with theiended
future career.

use science for the general
good of people.

Nuclear Engineering

variety, financial
stability,areaopportunities

Personal Attributes Desired attributes of t he|parentprovider,independen
dondt want to
. I nformation associated wi |place,will commute to work
Future Location . !
location. if necessary
Future to Avoid Description of theseffartic failing dassesslaving for

Career

Career Attribugs

Personal Attributes

Description careers the participant hopes to avoid in the
future.

Attributes of a future career the participant hopes to avoi

Attributes of a future self the participant hopes to avoid.

low pay
Sawe-A-Lot bag loy

physically demanding,
monotonous

drugs,alcohol, dependent

uncertainty limited career

Fears Fears associated withtpear t i ci pant s6 f :
opportunity
low ACT scores imath has
Confidence Indications of the confidence level the participant display gﬁrt;ﬁf;?rt] q:isetllccj:glrr:eger
related to theimtendedfuture career. g 9
choice
Barriers Any description of a barrier that the participant perceives never been good in math

pursuit of their hope for future.

Engineering Perception

Any description of engineering as a career presented by
participant.

building, designing,
mechanic

Alternate Career Perceptior]

Any description of careers (other than engineering)
presented by the participant.

Nurses fhel po

Reasons

This category includes reasons associated with future ca
choice. This can include giiactors including actions by
people, financial considerations, Interests associated wit
career, location/availability of higher education, and/or ar
other motivating factor related to the career of choice

including actions to avoid.

help othersmake things
better,financial security,
areaopportunity
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| analyzed a printed copy of each transcript, filled out a corresponding summary
sheetandthen created a visual matrix of the data. Upon completion of the analysis, my
visual matrix allowedneto synthesize the data across participavtige still seeing the
whole story for each participaritliles and Huberma(2014 describe a number of
benefits to such a visual representatioquxlitative datgMiles et al., 2011 These
benefits include the ability to systematicallyadyze large data sets and create organized
displays for dissemination of results. In this case, visual representation helped organize
the data coherently, identifying the portions of data necessary to address each of the
research questions. This matrixsnaeated using Microsoft Excel, with each participant
representing a horizontal row and codes representing vertical columns. An additional
benefit of the matrix is in presentation of res@isles et al., 2011 Portions of the
matrix accompany the results throughoutapter 4 and can be reviewed in tables#43L
These tables do not include the participants

identify the student.

3.6.2 Categorization

In addition to providing a useful tool to present the data, the matrix alloweed
see patterns within the data and cluster similar participants into catd@dilesset al.,
2014 Patton, 200R These patterns that emergédse the presentation of results in
Chapter 4 and allowed thecalizedperspective of this data to emerge. These patterns
resulted in clustering participant views of their community and desired attributes of their
future, patterns that are truly influemcby the geographic and cultural influences in the
study areand are common across all participants. In addiparticipants were clustered

into threecategories based on thaitcess to formal programs and professioaats
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intent to pursue engineeriag a future career. The combination of coding full transcripts
by hand on paper, which allowed insight into plagticipants entire storyand creating
the Excel matrix for visual representation of the data yielded quality results that were
then used torsswer the research questions of this study.

The threecategories found through analysis of the visual matrix are a foundation
of the study findings. As mentioned, these three categories were developed based on
access to formal programs and professiofadsess is defined as an encounter with the
field of engineering. These encounters are separated into those octtuwirgh formal
programsandthose occurring through interactions wtfofessionals. Formal programs
can include irschool or extracurricuar activities. Professionals include individuals with
the experience necessary to support engineering career choice. Intent is then categorized
based on a participantodés verbalization of th
future.

To develp the three categories, access and intent wereddadied based on the
level of access antieintent to pursueParticipants categorized as having minimal access
typically reported little to no experience with formal programs or access to professionals.
Those participants with access include those who reportedsaaol or extra
curricular activity that provided engineering exposure and/or a relationship with a
professional that resulted the development of a perceptionasfengineeringcareefin
their future Intent to pursue an engineering career was determined simply based on the
participantsd verbalization odandwaheir i ntende

determined through the Afuture careero code
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The three categms that emerged among this group of participants include:
Category 1, Nhimal AccessMinimal Intentto Pursue an Engineering Careg@ategory
2, AccessMinimal Intentto Pursue an Engineering CaresndCategory 3Access
Intentto Pursue an Engineerif@@pareer Notably, no participants with minimal access
described intent to pursaa engineering careezliminating theuseof apossiblefourth
category, Minimal Acceskitentto Pursue an Engineering Caréathile participants
fitting this fourth categorynay exist in the study area, none were part of the interview
pool; as a result, the study offers no insights regarding whether these participants exist or
how they might fit into the final model of engineering future possible self development.
The three ategories thatid emerge were sufficiend categorie the participants within
thisstudyFor simplicity, the categories are ofte]
AAcclesstsent 6 in the remainder of the work.

Importantly,while intent to pursuevas easilydefinedin the datasome
participants presentadore complexboundariesvith respect to categorization based on
accessFor participants whose description of access left questions regarding their true
exposure to engineering, their perceptdengineering as a future career was used for
final categorization. Fogxample, two participants witihinimal access did present some
interest in an engineering career. Further investigation indicated thatwuese
participantsunlike all others in thaccess categoriesgere not able to provide a detailed
perception of their future sedfs an engineer and were tloagegorized as having minimal
access.

In developing theseategories, high school and college studemecategorized

togethelbecausettic at egori zati ons were based on the p.
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programs and professionals prior to college that influenced their career choice. This focus
on access prior to college resulted in similar findings across high school and college
participarts. While the college participants veenften able to provide a more concrete
reflection on how this access influenced their intent to puasesagineeringareeytheir
responses reflected themes similar to those voiced by high school participants.
Combining both groups of participantvithin the three categories thus refle¢bis
consistency of findings across all participafttss important to note, dwever,thatno
college students appear in Category 1, Minimal Acédissmal Intent,becauseollege
students were recruited based on either intent to parselegineeringareeror a
previous experience in a formal engineering couksaliscussed in Chapter 6, including
such participants may be another useful line of inquiry for future work.

Finally, the analysis excluded explorations of patterns by race or gétitide.
not specifically asked as part of the interview protocol, based on appearance all
participants in the sample population were whitthile the study did include both male
and female picipants, the sample populations were not large enough (particularly at the
county level) to confidently use gender as an analytical catelgoryhe purposes of this
study,then, analysis focuses on the acaessnt categories holisticalip an effot to
gain a general understanding of how these participants perceive engineering as a future
career and the activities that support or inhibit the development of this perception across

participants.

3.6.3 Quality

Throughout the analysis processeasures @re taken to ensure high quality,

trustworthy results. From the beginning phases of the study, providing trustworthy results
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was a high priority. As part of a larger study, the EIA project, the research team took
early measures to ensure quality with thieiview protocol and data collection
processsfurther described by Carriq@013 and in section 3.5 and 3.7 thiis study. To
ensure trustworthiness of results, several measuredakere These measures include
peer debriefing, prolonged time in the fieldangulation member checking, a thick
description of results, and identification of b{&eswell, 2009

Trustworthy results began early in the study with peer debriefim@rsure the
interview protocol provided the data necessary for the study, the EIA team met frequently
during the initial phases of the interview process to review results and revise the protocol.
Only two researchers, myself abd. Cheryl Carricd, perbrmed all interviews
associated with the larger EIA project. | conducted all of the interviews associated with
this study, andr. Carrico was present for all high school interviews. Most of the high
school i ntervi ews t oo lschooll Thielecationialowadme t he part
prolonged time in the field to gain a deeper understanding of the ctudtiesand
participants. In addition, my connection to these schools and communities supported this
immersion Travel time to these schools allowed deme for peer debriefing between
myself andDr. Carricq which continually improved the interview process and
interpretation of findingsCo-interviewing withDr. Carricoalsohelped reduce my bias
as | personally knew several participamtsthese inerviews, | ofterdirected the
conversation t®r. Carrico to prevent leading the participdntaddition to peer
debriefing withDr. Carrico, the EIA team typically met on aweekly basis to debrief,

review results and updathe protocol as necessahydughout the process.

! Dr. Carrico completed her doctoral work after data collection for this project was completed but prior to
the submission of this dissertation.
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Triangulation involved multiple methods and investigators to ensure quality in the
results of this stud{Creswell, 2007Miles et al., 2014 To ensure this qualitglata
analysis was informed by iterative meetings with the EIA tesmbers since sometimes
it was wholegroup and sometimes it was just lilese meetings informed initial
revision of the codebook. As data analysisceeded, a second coder, outside the EIA
team,assisted by reviewing codes and providing intercoder checks. During the first
iteration, this second coder utilized the FPS codebook shown in AppendpoG.
completion of this review, the second coder wasrumental in helping develop the final
codebook and visual matrix that produced the results of this study. In addition, the second
coder provided checks on the final codebook and results to ensure trustworthy findings.
A very useful method of checlgrthe trustworthiness of these results involved a
modifiedmethod of member checking, which provided insight thefinal codebook
and analysisTypically member checking involves seeking participants views of
credibility of findings and interpretatiorf cesults(Creswell, 2007Miles et al., 20131
This checkinvolved a luncheon where stakeholders from each of the county school
systems, a represernita from alocal university, andraareachamber of commerce
representativeonvened to discuss initial results from this stiile these
stakeholders were not study participants, the smallkigitthature ot o mmu ni t y 6 s
means that school personnebknstudents quite welllhese takeholders agreed with
the findings of the study and provided additional insight into my final data analysis
procedures by highlighting and providing explanagiohparticularly salient results. This
meeting validated therfding that people are critical to career choice decisions in the

area and thus informedy codebook, analysis procedures, sttitlly, and results.
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A final method to ensure trustworthiness thick description of res@it This
description involves dailed description of the study counties, participant categories, and
results which allows sufficierttetailfor the reader to determine transferability of results
(Creswell, 200Y. Study counties and participant categories are described in Chapter 2
and 3.The presentation of resuits Chapter 4ncludes presentation of detequotes and
descriptions of data from participants related to views of their community, fatuae
perceptions odnengineeringcareefiin their future. In addition to direct quotations from
the participants, portions of the visual matine presentetb provide the reader with a
more realistic, rich account of the data that informed the research questions of this study.

Efforts to accurately reflect data presented by participants in this study have
produced trustworthy rressach questioasl Theseneffaits wi t h t h
began with the development of instruments and proceeded through intercoder checks
during analysis and a thick description of results. In addition to these efforts, section 3.7

provides a detailed description of researdiias and limitations of the work.

3.7  Researcher Bias and.imitations
Performing qualitative inquiry following a social constructivisorldview
involves interpretation oftransr i bed i nterview data with car ef
own meaningmaking. Social onstruction is founded on the belief tivadividuals
interpret and construct their realigshaped by cultural and linguistic construgsatton,
2002. To interpret how individuals ithe study areaonstruct reality and how this reality
influences engineering as a career chditeveattempedto ephoche, orracket, my

own experiences to understand the experiences as described by the patticipants
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Bracketing involves presenting an open and honest narrative of the background
experiences that may influence my interpretation of the rg&ieswell, 200Y.

| grewup in Bledsoe County, Tennessee, one of the rural countiesledin this
study | attended a community college during my first two years of collegasferring
to an instate four-yearuniversityto acquire a B.S. in Civil and Environmental
EngineeringMy accesdo engineeringrior to my college degree was primgriimited
to access to professionals, both degreed engineers and others. My grandmother, who this
work is dedicatd to, was trained as an electrical engineer during World War Il as an
attaché to the Air Force and worked in a research lab on radio equiganif the war
years. In her later career she taught science, among other subjects, in my hcametown
always supported and encouraged my pursuit of engine&hie not a degreed
engineer, my father is a land surveyshich provided exposure to engareng projects. |
also had a pastor who worked as an engineer with TVA aas acquainted with a local
Civil Engineer All of these individuals supported my pursuit of an engineering career. In
addition,manyother members ahy family have college degesin other areaand
highly supported higher education.

Upon graduating with a degree in Civil Engineering, | worked in industry for
approximately three years. | thegturned to school to pursue my M.S. in Civil
Engineering with electives in educatidvhile working on my M.S., | taugtRroject
Lead the Way (PLTWengineering courses in local rural high schanlsvo of the study
counties and | continued to teach one course online while pursuing my PhD.

My personal experiences growing up in rural Apphia and my experiences

teachng engineering in a public high school in Tennessti@ence myunderstanding of
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the experiences and perceptions reported by participemensure that each

participanés experiences and meaning aexived from the intetiews rather thamy
personal biad have taken several stepdy experiencegrowing up in one of the study
countieswith an engineering degree may provide me with insights into the experiences
the participants discuss, but | risk reading my experieinteshe data. To counteract

this bias, first, two interviewers were present during all high school interviews, with one
interviewer not from thetudy areaSecondEngineering Education graduate student

Mr. Benjamin Lutz, and the EIA team helped enstinat the results accurately reflect the
data. This effort has been underway from the early stages of the project through iterations
in developing both the interview protocol and the codebook, and through Mselaftz

asa second coder to analyze theutes Third, results were taken back to stakeholders in
thestudy areaThis meeting involved a presentation of results to representatives from
each of the four school systems,areachamber of commerce, and a local university.
Through this meeting, relisi were discussed with feedback from the stakeholders
guiding further data analysis. This meeting reinforced the importance people play in
student career choice in theeg strengthening further analysis of the data and providing
amodifiedmember checkf the data.

Other limitations of the studgssociated with researcher beamter orparticipant
selectionMy work teaching engineering classes in rural schools in Tennessee helped the
EIA team gain access into these schowlg opened ughe possibity of interviewing my
own studentsinterviews were conducted with current and prior students of my course.
The number of rural schools offering engineering cutdis very smallso the choice

was made to interview within these settinigspite theiitations because it allowed the
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study to move beyond fAexposuredo as a single
limitation among high school students, care te&en to reassure all high school
participants of confidentiality, and both interviewtsk care to evaluate participants
during the interview and intercede if necessary. This effort was taken to #resure
participants felt comfortable disclosing information. Often when discussing my course,
the interview was shifted r. Carrico in areffort to allow participants to feel
comfortable providing their true perception of the formal program.

For college students, where | was the only interviewer, the process was slightly
different. Again during the interview process | reiterated confidégtend, for my
former students, stressed to each participant that the interview was in no way an
evaluation of my course and that the purpose was to gather their perceptions. Recruitment
was also differenthese students were contacted initially duther availability and
familiarity with the research team, whignovided easy access to initial students and
started the snowball proce§3sh e | i mi t ati on comes witah t he i
student of the research@ihe true limitation of thiselationship on the interview data
cannot be quantified, but measures were taken at the beginning of each interview to
inform the participants of the IRB protections and confidentiality of each interview. In
addition, | made every effort to bracket my esi@ece as the instructor while asking
guestions of former students. | attempted to question without assuming shared knowledge
in an effort to fully capture the participadfgerception. | also made every effort to only
make meaning from the student resgmand not include my personal bias into the

results.
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Finally, sampling in each high school also presented a limitafoministrators
at each school were contacted and introduced to the Sthdycontact at each school
then recruitesgtudentdo partcipate in the studyeach contact was informed of the
studyds purpose pr i or Thispurpose was presentegastn of part
attempt to gain studéperspective of engineering as a career choice in the area. While
the intent was to gainigperspective across a variety of students with varying prior
experiences, within some schodisstsamplng techniquanay have limited theool of
participants recruited to students with high levels of academic achievement very focused
on postsecondarydacation.This could provide some insight into the absence of a fourth
category, minimal accesstent. That saidthis may have been an attempt by school
partners to provide student sthewtleofthewoul d pr ovi
research study chuding the wordiengineering and the requirement for patal
per mi ssi on child mdyslsolale linitethéinember and variation of

participants within each school.

3.8  Conclusion
This study used a qualitative design to better unaledshow students from rural
areas of Tennesseebs Cumberl and Pl ateau perc
study sought to understand how these students constructed their beliefs about the future
and how these beliefs influence their career ch@emi-structured mterviews were
conducted with 27 high school studentgpllege engineering students, and 5 college
studentavho had exposure tngineeringhrough a formal progratout are currently

enrolled inanother majarStudents utilized for thistisdy are from rural areas along the
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Cumberland Plateau in Tennessee. Followisg@al Constructivist worldview, the FPS

framework was used to analyze the textual data developing codes and themes.
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Chapter 4: Results

This chapter presents findings frahe qualitative interviews with high school and
college participants from rural areas of the Cumberland Plateau. These findings address

the research questions associated with the study:

RQ1 How do high school and college students from rural areagof th
Cumberland Plateau perceive their future career?
RQ2 How do these students perceive engineering as a career?
RQ3 What supports these students in envisioning and pursuing a future self that
includesanengineeringaree?
RQ4 What inhibits these studerftem envisioning and pursuing a future self
that includesnengineeringaree?
Analysis of the data resulted in a division of participants into three categories, as
described in section 3.6, based on their access to engineering and intent to puesere a car
in engineering. These categories were developed based on participant desafiption
their access to engineering through formal programs and/or access professionals and their
intent to pursue engineering as a career. Intent was determined baseg@athe i ci pant s o
verbalization of their intended future career. In some cases whepeahet | devep ant s 0
of access was Afuzzy, o0 the determination was
that includedanengineeringareer The following work presds a more detailed

description of the three categories:
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Cateqgory 1:Minimal AccessMinimal Intent to Pursue an Engineering Career

This categoryepresents participants whal not describexposure to
engineering througformal programsor accesso professionalsThese
participants could not present a perceptioaroéngineeringcareerin their future.
These participants do not plan to pursue engineering as a future career.

Cateqory 2: AccessMinimal Intent to Pursue an Engineering Career

This categoryepresents participants whal describeexposure to engineering
throughformal programsand/or accest® professionalsThese participants could
present a perception ahengineeringareetin their future. These participants
do not plan to pursue enggeréng as a future career.

Category 3: Accessintent to Pursue an Engineering Career

This categoryepresents participants whal describeexposure to engineering
throughformal programsand/or accest® professionalsThese participants could
present a peeption ofanengineeringareetrin their future. These participats
doplan to pursue engineering as a future career.
The findings are divided across these three categories to understand how participants in
the studycountiesview engineering as a & choice, how formal progranad access
to professionals may influence the perception of engineering as a future career, and what
barriers inhibit their ability to envision engineering as a future career.
The presentation of results is outlined bekmdillustratedin Figure 4.1 As
shown in the outline, before describing results associated with the three categories
section 4.1 describes how participants view their commuaniigsection 4.2 describes

attributes participants hope their future career pvidvide. While participants in all three
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categories have different visions of enginegrthey have similar pasts and desire
similar future attributes. Sections 4.3, 4.4, and 4.5 then present results associated with
each categorydescribing how partipiants in each category perceive engineering as a

future career choice.
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4.1
Community

*Personal Connections
*School Climate
*Distance

4.2
Future

*Nature of Work
*Help Others
*Regional Opportunity

4.3
Minimal Access
Minimal Intent to Pursue
*Access to Information
*Formal Programs
*People
+Perception of Future Careers
+Engineering Careers
*Alternate Careers
*Barriers

4.4
Access
Minimal Intent to Pursue
*Access to Information
*Formal Programs
+People
+Perception of Future Careers
+Engineering Careers
*Alternate Careers
*Barriers

Figure 4.1 Outline of Results Presentation

4.1

Community

4.5
Access

Intent to Pursue
*Access to Information

*Formal Programs

+People
*Perception of Engineering Careers
*Barriers

As described in Chapter 3, participants for the study consist of high school and

college students from rural areas of @mberland Plateau in Tennessee. While their

future plans, career exposure, and access to mentors vary, their descriptions of the

community are remarkably consistent across all courftlesse descriptions of

community are also consistent among high schadlcollege students as they describe

their community and its impact on their future car&eay aspects salient to participants
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that define what community meainglude family, church, communitgndschool

climate, but also distance from resources.

4.11 Personal Connections

Overall, the participants interviewed present a very positive picture of their home
community that centsion very close personal connections among people. A common
phrase participants used i s feeMakaylaysbhigily knows
school senior who hopes to remain in the area, describes her home and community as
follows:
We dondét have neighbors, so |I |ike where
lot. We grow about 25 acres of corn, and | really enjoy thedakld just like the
small town atmosphere where everyone knows everyone. [Maka$lh
Part of this sense of closeness is linked to the fact that many participants have large
families in the area. For example, when William was asked about having farthly i
area he replied, Aoh, yeahépretty much our w
here in our Ilittle, Ilittle circlefltd Similar/
just me, my mom, and daBesides like aunts, uncles, cousins and dparents éle
t hen explains that one sed bbt gr amottpadeht g ed
like toward [the neighboringtown]d acksonés town and the neight
separated by approximately twenty miles, but Jackson did not idensifgréa as local to
his community. His comment highlights the way in which, for many of the participants,
the radius of community can be quite small,

component of participants future self as described inosedt?2.

83



In addition to having large families in the area, participants describe a strong
connection to church, which creates a second
Jacksonds comments suggest:

| &m Church of Chri st anhfrowthe hguséddhepou can s

we were |ittle, we used tolwaskonhe ot 8&Bhd
things; you dondt question what youdre go
Sunday night, Wednesday nitHESht . Il tds just

|l help with my friendds church, the churc

grandparents go to, like, if they need any help doing anything or like activities,

like planning something for kids, | help with that. [JackstB ]
Participants generallygiw c hur ch, or AChristian values, 0
and lifestyle. Alyssa adds that individuals in her community have Southern values, which
she associated with good manners. Both sets of values extend beyond church and into
descriptions of theommunity as a whole. Destiny captures the essence of how these

values permeate the community:

Overalll think i1itdés a nice community because
people around her8 u t um, and |l i ke they@&dgte support
do and if you ever have community things

everybody will pitch in and try to help. [Desthty.S]

4.1.2School Climate

While descriptions of academic preparation varied, participants generally describe
their schoolsn terms similar to those used for their communitigsat is, small and

personal. Stevera college engineering studestates that an advantage to his hometown
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is the teaching system, whehesmall size of the school allows teachers the flexibibty t
Af ocus mor e u pQolegetstudentss likeuSteeen, bften réflect on the
absence of this personal focus in their large college cldds@dso described high
school teachers a®ry interested in his success, explaining fiveten | succeedthink
they would see part of themselves as succeed®igdents used to this connection
between teachers and peensdoften describddifficulties with the transition from their
small local high schools to large universities
First of all, the [cokkge] teachers, most of them, they care, but not as much as like
high school. They are not as close to you and stuff; for the most part, they help
you out a I|ittle bit and the class sizes
[MakenzeCollege NorENg|
As Makenzdés comment suggests, this small personal nature of the high schools
creates a supportive educational environment, but makes the transition to a larger, more
impersonal university difficult for students from rural areas of the Cumberland Plateau.
Thistransition may be particularly difficult for first generation college students who rely

on exposure from teachers and mentors outside the home for support of higher education.

4.1.3Distance

While the school climate provides both opportunities and aigdie one
common thread participants describe as a negative aspect of their rural community is the
distance to school, shopping, and convenierdasy students describe this distance as a
simple inconvenience, but for others, the distance can creatdaex bmextracurricular
activities, shopping, and exposure to future education and career optians, a high

school senior, lives in a rural part of his county approximately thirty minutes from his
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school.This distance proved to be a financial barfegrAdam given the cost of gas in

recent yearsAt times he had to stay with friends for transportation to football practice.

Adam explains that this barrier causes him to value money differently
Around here everything is kind of small&ou have to attially go out to places if
you want to get to anythingke Wal-Mart. | feel like | kind of value money a
little bit more around here. Gas is real/
SO you can spend your moneyeedarfodjgak e s omet
Youbve got to weigh the -B®Jti ons and oppor
Di stance also |Iimits studentsod exposure t

Lauren, a freshman in college, describes the learning curve associated with traveling to a

larger bwn for college. She talks about the adjustment to college as difficult because she

had little prior experience with larger towns beyond traveling to Nashville a few times to

visit the hospital. As a result, her transition to college involved more thaatysim

academics or studetgacher relationships. For Lauren, even the transition to driving in a

larger town was a challenge:
| never came to [college town] until my junioryelar. r eal | y di dndt Kknow
railroads doAndcarss1 6 m st i | | ethere. fLaufeiCaledye NoeENgH r i v
Even for students who have traveled, this transition is difficult. Wesley, a college

junior, describes numerous experiences traveling to larger towns, attending college

sporting events, and even international travel dumisg/outh. Still, he described his

transition to college as a large adjustment because of the loss of community:
[ Coll ege Town] | So that waS & bigkdiffevence gomg foom e .

knowing almost everyone. [Wesk&pollege NorENng
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Wesley goesmto note that, as a result, his transition was more difficult than that of his
peers from larger towns
They were in Knoxville, Nashville, or Memphis sotheydn 6t have that bi
adj ust me aty, ke toaffid, dil these different things and | hadget a
little bit used toé [City] is a pretty sa
is the areas you donodot want to go after 1
we don ot Itwaajusethat finsesemester | had an adjusting period.
[WesleyCollege NorENg|
For students who have grown up in a rural <co
everybody, 0 the transition to a university i

create a barrier to higher education broadly as well as tdispeeijors.

4.1.4Summary

Positive descriptions of home and community are consistent across all three
categories of participants. These positive descriptions of community and close family
connections are linked, as the following sections suggest, fopartpant s6 desire t
in their local communities or within threrea At the same time, the rural context and
absence of interstate s yeréenetmopolitdni mi t s student
communitieswhich in turn creates difficulties in transitionitgylarger cities and larger,
more impersonal, universities. These perceptions and patterns recur across all three
categories of participantalthough, as sections 4436 suggest, their impacts show some

notable variations.
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4.2  Future

Similar to their @scription of community, high school and college students
throughout thestudy areahare common desired attributes in association with their future
career. These attributes emerge across the atedgnd career choices. Attributes these
participants daeee their uture career to providaclude:1) work that provides job
stability and financial security, 2) work that is not physically demanding, 3) work that has

variety 4) work that helps others, and 5) locahiiaemployment

4.2.1 Job Stability/Finzcial Security

Across the studgrea participants share the common desire to achieve financial
security and job stability. While many participants express this as a desired attribute of
their future career, some also provide indications as to why tressimatter. Several
described family difficulties created from t
be centered around manufactutingflecting theare@ shanging economy described in
Chapter 2. Makenzeds mo tathefpreviogsfgdneratians t he t yp
Like momma said, like pretty much when you were growing up that is where you
were going to work when you graduated high school. lnkéody really planned
to go to college then because they had [clothing factory] and theynealte
good money. [Makenz€ollege NoRENg
Brooke also mentioned the towndés struggle af
| think a lot, a lot of people were without jobs for a while, lots of unemployment.
|l td6s hard to fiamnd adameownhehajtdls Ilmka $mt a

[Brooke-College NorEng
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The difficulty of finding a job in th@rea particularly without higher education, and the
financial struggles this creates, seems to instill a desire for job stability and financial
securty among these participants, as the following representative comments suggest:
| want to be able to survive with some money. [Lau@atiege NoREN()|
A good income, an opportunity to help pe
pays well that | can proveldfor a family. That's really important.
[WesleyCollege NorEng
They[pharmacistsma ke good money, and | 6ve grown
money, so | think that pushes me to want money when | grodvayse like how
hard my mom had to struggle,and hd6t want to do that.
[Kaylee-College NorENg|
For Kayl ee, the desire for a career in phar
of money. 0
Studentoften reflect on their parents as encouradjigper education as a means
to achieve financialseaurt y, as il l ustrated by Makenzeds
parents provided:
My mom and dad have always like talked me inf@dicupational therapythey
didndot really talk me into it, but they
that helpedut a lot. [Makenz&ollege NorENg|
In other cases, participants describe the support their parents provide as helping
them develop a future they hope to avoid. Some participants describe parents as
providing this future to avoid through presentationhefiit perceived mistakes, difficult

work, or financial struggleg.ypically, these parents are described as supporting higher
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education as a pathway to a better future. This pathway is particularly salient among

parents without higher education experienaeo often presented higher education as

providing a more financially rewarding care€rhr i st i ands mother is cur

unemployed and his father works for the @typport servicehristian provides an

example of how powerful this future to avoid can be:
There have been times where weobdve fallen
things we actually, you know, didndét want
hanging over our headsly mom, from when | was littlel mean she wouldl,
weodd getl twouwhdenroet want to do my homework
too hard and she would always sit me down and just tell me to do what I could
and not be like, she says for me not to be like lee. says that she wants me to
finish schoollgasesd hbhatdsopretitg much carr
[ChristianH.S]

Christian isa top studentwith his lowest grade mentioned as a 96, and his determination

to attend medical school seemed very str@tgistian represents the perceptions of

multiple participant@cross categories who credit their parents with presenting their

struggles and perceived mistakes as a future to avoid.
While financial ad job security are viewed amportant attributes associated

with future careers across participants, this desveldped in different ways. For

participants like Wesley, whose father is a dentist, the desire for financial stability is

linked to providing for his future family. Other participants, like Christian, hoped their

career will provide them with the financiaeans to avoid the struggles of their family.
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Avoiding family struggles seems to resonate acrossdhaties as many families have

faced difficulties with the recent decline in manufacturing.

4.22 Nature of Work

In addition to achieving financial drjob security, participantsave expectations
regarding the nature of their future woHar participants in thse study countiethis
includes:work that is not physically demanding, helps them avoid previous struggles, and
provides variety. As previolysdescribed, these attributes are often encouraged by family
members as they describe their career experiences. Participants often describe their
parents and family as offering education as a way to avoid career challenges, in turn,
leading to a brightdiuture.For exampl e, Leslieds desire for
an easier life:

ts rougher i f yomadeeadmygbDatodcdhbeggo to

mom went to coll ege. Like, he donét make
like,itbs an easier | ife IiHSyou just go to sc
Similarly, Logands grandfather provided him

cabinets, but pushes Logan to pursue higher education as a pathway to avoid the physical
demands of his career.
Mygrandpa would tell me , Il liked to build
not much money because he didnodét graduat e
to be doing that, | need to go to college and make the easier money instead of
slaving. [LogarCollege Eng
Leslie and Logan, like many other participarsoillustrate the ways a key mentor,

regardless of their career, can strongly influence students toward higher education as a
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means to avoid the physical struggles and difficulties associatednany of the careers
common to the area.

For Leslie, Logan, and many other participatiisse key mentors are supportive
individuals in the participantso |ife. This
education and the career it proviggs a means to avoid negative cycles described in
association with their families.

Lauren and Kaylee demonstrated very clear examples of feared futures from
struggles within their familywhen asked about people that were an influence to Kaylee,
she metions her dad and sister as influences:

Well, they are not very good peopleke, my si st er §xpkidg &hd and has

sheés been on drugs since she walg] 15éand

years because he was always on drugs and like wheroyseegyour dad once a

month[xl hour s away you just know you donodot we

sister/ dondt want to be -@ofleggNosEngg | i ke t hem.
Lauren shares a similar experience when asked about things she is afraid of becoming:

Um, well my mot her, ugh, she graduated hi

anything.Di d n 6Um, myrentire life she either sat at home until the divorce.

Then she had to work at WadartBut t o me, I don@mart want t o

the rest of myife. | want to get out there and do something productive.

[LaurenCollege NorENg|
For Lauren and Kaylee their parentso6 choices

Avoiding this path involves higher education and a career associated wigdulcation.
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Abigail intends to enlist in the Navy to pursue her nursing credentials, as this pathway

will allow her to break the cycle of her family and provide her with a future career that

she desires
A lot of kids here just follow in the footstepstoth e i r parent sélt ds bee
tradition in my family, you know, like none of my family has ever went to
coll ege, you know, and they just all stay
and then my dad ended up being on drugs and my mom was onamugs, i t 6 s | u St
kind of like that.And the grandparents, you know, families that, you know, my
friends, that their grandparents raisedthem.guess 1t 6s the way of
just want to get, | want to break the, | guess chain in my family and get out of
here and explore, you know, see what the world is like. [Ablgzsl]

The difficulties these participants face within their families provide them with a clear

path to avoid in their future. For many participants, higher education is viewed as a

pathway tward a brighter future. Participants describe higher education as a pathway

toward a career they desire and the ability to break negative family cycles that they hope

to avoid.
In addition, participants hope their careers will provide variety in thairdéu

Joseph and Steven describe jobs they have that encouraged them to seek careers in fields

that are not as monotonous and tedious.
|l wouldnot | i ke to sort eggs in chicken h
like that. You know, | do it on theeekend | have to just to earn some money,

but | wouldndét | i ke to sort -HBJgs in chick
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Thereds no way | want to go back and be a
that | really 11i ked, dayandplttinglitems®nthel i ke wak
shelf and making sure theyodére fixed just
something. [Steveollege NorENg

Ella puts the issue in more positive terms, hoping that a career as a physical therapist will

provide hewith work that has variety.
| 6ve been in there a | ot and really 11iked
you get from |Ii ke | think the youngest on
from 14 to 85. [EllaH.S]

For Ashley, speech therapy will pide that variety:
So, I had a speech teacher and | started thinking, you know, they help older
people, stroke victims, younger kids, you know, and they never have the same
day. I1tdos al wais] di fferent. [ Ashl ey

For many participants, like Ashley, thedire for variety in their work is encouraged by

their parents:
My dad just didndot want me to end up | i ke
want you to end up | ike working in a fact
6Youdre getting ar enatkeutd sl dmegare,e, my odiad
me to be Iike him. I mean heds, heds a go
fact that i f he could do things different
get him some type of degree. [AshigyS]

Ashley shows, similar to other participants, that factory work is presented as tedious and

boring, a future attribute she hopes to avoid with her career.
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4.23 Help Others

In addition to breaking negative family cycles, though, participants also want
careerghat help others and make a differerfarticipants associate this attribute with a
variety of careers, including engineering, but helping is most commonly tied to the
medical field.For example, when describing Stanley, a gentleman in physical therapy
recovering from an accident, Ella said:
Il just t i&cianuks ei thées ccooudldndt wal k and t hen
[Ella-H.S]
For Ashley, a career in speech therapy will allow her to help others as it helped her:

| like helping adults. | like helping &s. | like teenagers. | like helping anybody |

canéwhen | was | ittl e | used to have |i ke

really stutter, |l just coul éHiS§t pronounce

Similar sentiments were expressed across allqiaatits:
| want to help people. Thatds somet hing
[LaurenCollege NorENg|
You get to help other people, especially orthodontics, you get to help kids, I like
working with kids. [WesleyCollege NorEng|
Like if someone is sickwill be able to help them get bettand like, being on
the other side of it with my dad being sickt 6s real |l y scary and
reassured that everything is going to beasid | just want to help people |
suppose and this is my way of doitngit. [BrookeCollege NorREng

Steven, who does not want to stock shelves for a career, hopes that a career in

engineering will make a difference through advances that help people
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Il would |ike to help everyt hi atgheipn gener a
devel op any and every region the gener al
equipment for deep within the Earth's core or crust or exploration equipment for
the oceansésomething that could be applie
[StevenCollege Eng

For Stevenmaking a difference is accomplished through a desire to advance science in a

way that helps people. Participants have different visions of how future careers can make

a difference, but for many participants, helping others is eskentia

4.2 4 AreaOpportunity

Finally, participants across categories generally hope their caitb@rovide

them with the opportunity to remain in the area. William, like many participants, hopes to

remain close to his family:
| 6d | i ke t o bécauseitere s dothimg likerhamewoul dndét mi nd
you know, be gone, you know a month or whatever has to be done for nhy job.
woul dndt just up and | eavaeatmwohid der 6tt o bgo
not hi ng | 6d |imeanyonwodd justbawaydfrom everybodynd
it wouldndédt be home, because yoMeahwoul d be
| wouldnét, | wouldndét ever think about n
know, my home. [WilliaraH.S]
Many participants shared this desire forittigture. Makayla, a high school

senior, is undecided about her future career options, but does hope to remawhecal.

asked if being able to live locally influenced her career choice, she mentioned that it

mi ght keep her f r o areec Roomasy studentsasuchads Makaga ent 0
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and William, their desire to remain in their local community may limit their future career
choice. Ashley has her eyes on becoming the speech therapist for her local school system
after college. In these rural asga@pecialized careers have limited opportunity, so she
hopes the current therapist will retire:
We have a speechteacherut | O6m t hinking shebds probabl
next couple years, so | 0Om hopiasp | can ge
coach. And then | can have two in one. | can do the coaching, | can do the
helping. | can do stuff on the side with speech pathology and just, live life.
[Ashley-H.S]
Even students who plan to move fAawayo for
leave thearea and hoped to remain in a rural community or small city. Participants
typically mentioned a -3 hour radius as an acceptable distance to be from their home and
family. Thi s faread presumably incl,wkichs the geogr
includes Nashville, Knoxville, and Chattanooga as seen in FiguréVaRenze, for
example, is not sure where her path may take her, but she is partial to the small town way
of life.
| want my children to be raised inasmalltownf it 6 s ndawillbe&dome] t h
small town. [Makenz&ollege NorREng
Brooke, who plans to become an anesthesiologist, discusses limited career options in her
hometown.
There arenét really a |l ot of jobbdomndtt I
plan on moving bdchome. [BrookeCollege NorRENg

She goes on to explain her fathero6s reservat
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My dad doesndét want me to be in school t h
whole lot farther away for med schodlh er e 6s nibd lheare cs @stehatod
big factor tooé. Mom doesndt want me to be
need to succeed so theydre just going to
[Brooke-College NorENng
But even though she doesnoét pl@inptostay on movi

close to her family, hoping that her career will lead her to a medium size town within a 2

3 hour radius of her hometowfihe medium size town is motivated by her career choice

in that Brooke knows that she will need to work in a town witlegpital that performs

surgery.To balance her desire to remain near family, her payesgsest for her to stay

local, and her desired future career, Brooke plans to pick a medium size town close to her

hometown. Almost no participants describe wantmgiove any further away.

4.25 Summary

Participants in rural areas of the Cumberland Plateau, regardless of their chosen
career path, seem to have common attributes they desire in a future career. These include
job stability and financial security, phgsily undemandingndvariedwork, linked to
helping others, andiork located in tharea A variety of reasons appear to influence
these attributes as participants describe them, but limited career opportunities and a
decline in manufacturing jobs in tleeaclearly influence the desire for financial and job
stability and interesting work. Close family and communities create the desire for these
participants to remain in their locateaand close to familieS he value system of the

community also reinfices the desire to help others as an attribute of their future career.
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The following sections will show the importance of associating these attributes with their

future careers as participants make decisions related to their future career.

4.3 Category I Minimal AccessMinimal Intent to Pursue an Engineering
Career

Table 4.1 summarizes the participants in the minawaéss minimal intent
category. As the table suggests, participants in this categoryittl@vexposure to
engineering through form@kogramsor access to professionals. This category adds value
to the study as it presents how participawithout any exposur® engineering through
formal programsperceive engineering as a future career. While these participants
provide limited detaitegarding engineering, they do describe desired attributes of future
careers that align with those discussed in Section 4.2, along with careers that are visible
within the studyareaand aligned with these desired attribuiEsese participants all
represat high school students. Criterion sampling limited college participants to those
either with access through a formal program or professional, or those currently pursuing
anengineeringcareey so no college students in this category were included in the

sample
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Table 4.1 Minimal Acce$Minimal Intent to Pursuan Ehgineering @reer

Category 1
Minimal AccessMinimal Intent
Formal
Pseudonym | Category Programs People Future Career Reasons
Secondary History . .
Jacob H.S. N/A 1 Friend in Engineering Teacher/Baeball Help Kids Learn/Fun/Easier
Work than parents
Coach
Austin H.S. N/A 1-Engineer Law Enforcement | Steady Pay/Good Retiremen
Likes
Emily H.S. N/A N/A Veterinarian Animals/Financial/Help/Avoid
Momés stru
Emma H.S. N/A N/A Dentistry Financial/Varety
. Financial/Parent8etter Job
Mary H.S. N/A N/A Nursing Oncology through Education
Savannah HS. N/A N/A Military or Dental Financial/Military-Pathway
Hygiene around low ACT score
Surgeon or Interesting Work/Help
Christian H.S. N/A N/A g : Others/Avoid Parents
Neurologist
struggles
Sister
Landon HS. N/A PLTW/Encouragement Busmes_s owner or Local Career
from Father/Knows 2 Engineer
Engineers
FriendElectrical
Noah H.S. N/A Engineering Diesel M_echanlc or Financal/Hands on Work
Student/Encouragemer Engineer
from Mother
William H.S. N/A N/A Welding PSR et
. . Financial/Interest in
Ethan H.S. N/A N/A Physical Therapist Body/Help
Sister PLTW/Sister
Taylor H.S. N/A Civil Engineering Veterinarian Financial/Meaningful Work
student
Makayla H.S. N/A N/A Undecided/Medicine Financial/Local Career
Abigail H.S. N/A B_rothe_FEIectrlcaI NUrsing FlnanC|aI/I_-|eIp/Get away from
Engineering patiNavy family struggles
Hannah H.S. N/A Grandfath_er mentioneq Nursing Help
Field
Madison H.S. N/A Unde-OBGYN RIS ILENEr i Financial

Delivery
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4.3.1 Access to Information

Participants in this category have minimal access to information related to
engineering as a career. They do not mention any form of fgnogiam relatetb
engineering; thelosest association with engineering, if any, is a loose connection
through people, including college engineering students, studentpreittousexposure,
and engineers. Not surprisingly, participants in this category are predominantly from
counties thahave no engineering courses offered through the school system.

However, participants in this category do describe access to information about
other fields. These career paths were not investigated as thoroughly during the interview
process, but informain emerged as participants discussed their future plans. The
information suggests that other fields are more visible, thereby providing more access to
information within this studprea These visible careers included medical seld
education, law enforeceent, and welding careers students might come in contact with in

day- to-day activities.

4.3.1.1 Formal Programs

As noted above, form@irograms related to engineering armimal among these
participants, as illustrated by Noah and Makayla.iN@dlects on his experience with
building in agriculture class, an experience that could connect him to engineering, while
Makayla articulates her lack of exposure to engineering and how this gap limits her
ability to make an informed career choice. N@abne of the few participants who

expresses interest anengineeringareer an interest he attributes to his enjoyment with
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building and understanding electricity. He associates engineering with his experiences

building picnic tables in his agricult@rcourse in high school:

Today we built picnic tabl es. Like just a
nothing. But once you like put it all together, you know, you can actually use it
for something. [NoatH.S]
Noah relates engineering to building, aeflects on activitiesuch auilding in his
agriculture course.
While some participants, like Noah, stretched to describe engineering exposure to
answer the question, Makayla reflects on lack of engineering exposure. When asked
about engineering, shieflects on her limited exposure to the field:
|l dm just really ignorant when it comes to
bridge engineer does but 1|1 ke, |l dondot ev
with engineering. [Makaykd.S]
However, she haseen exposed to a variety of other careers; her mother is a school
administrator and local attorney, her sister is studying to become a trauma doctor, she has
multiple college educated extended family members, and she mentions very high grades
and ACT scees. As a result, Makayla recognizes that her exposure to engineering is
limited. As the comment above indicates, through exposure to other careers, she realizes
that engineering is more than simply dbridge
exposu e si mply stop their description at Abrid

that engineering may hold many other opportunities that she is not familiar with.
Like Makayla manyparticipants in this category do have formal exposure to

other careers, studed nursing, dentistry, veterinary medicine, and welding. These
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experiences generally come through Career Technical Education (CTE) courses such as
health science, agriculture, and welding. For example, Emma, Abigail, Hannah, and
Madisonparticipated iraformal program providingexposure to the medical field
through a CTE health science course, which in turn inflwktiegr career choices.
Madi son, who hopes to become a nurse, says t
taught me a lomituesof stuff, o0 and c
Mrs. [Instructor] she was in the medical field, and she told us some stories and
stuffé.she went over, |like, everything,
the ER. And, so, it kind of like showed all kinds of different fields that were
options...there was a dummy there, and we
blood. It was really hard to do, hlike, after trying, it was for a grade and | made
a 100, so | was really proud of that. [Madidar5]
Abigail provides a similar descriptiocof the same course, and relates this experience to
the possibility of developing an interest in engineering if exposure were available:
We had, |ike, a hospital bed and a dummy
knowing | did really well in those akses and knowing, you know, | can do this
because | enjoy it. If | had taken engineering and | did well, you know, and |
understood, then, you-HBnhow, I dondt know.
That is, she could see how the course helgeehvision a future in media@n
Hannah and Emma also took the health science course with similar results. For
Emma, the course providexposure to dentistry, along with better understanding of the
fieldsdvocabulary. Hannah took her exposure to a different level by pursuing outside

training after her health science course. As a teenager, taking care of her grandmother
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prompted her to become a Certified Nurse Assistant. She sought training through a local
nursing home at the age of 16, as she explains:
With me taking care of my Grannljust thought that | needed to go ahead and
get my CNA since | was going to go all the way through the medical field to get
my RN, and | found out that you can get your license when you turn 16, and so |
went the year, or that summer that ['tumed dfang ot t hemé | just st
looking into it, calling nursing homes, seeing how you can get your CNA license.
The program that | went through is just three weeks. Two weeks in school and
then one week of clinicals, and then they send you and pay to havetgteu
boards test took if you get hired at [ Nur
that. [HannatH.S]
CTE courses are also credited with exposure to other careers. For example, Taylor
developed a love for animals growing up on a farm. This enjoymasnstrengthened
through her involvement with the CTE agriculture program in her school, where she took
Al i vest oayladvancedg ,r oand | eadership. o6 I n additio
certifications. This coursework strengthened her enjoyménch in turn reinforced her
desire to pursue a career in veterinarian medicine. Similarly, William found a CTE course
in high school that aligned with welding, an activity that he enjoys:
Well, um, | guess it s teadldagedrokevinteonev er my
and | welded it up. | saw that I liked it and | was doing pretty good at it. When |
got into high school, | was a freshman, that was the first thing | wanted to take
was welding[William-H.S]

His welding class then exposed him to careg@oojunities that he plans to pursue.
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My wel ding teacher, heds kind of, heds ki
| didndét know. Hebs helped me a | ot figur
way | should go and wHS]Jt 6s better for me.
For Taylor and William, as for many students in this category, high school courses
provided exposure to careers that aligned with activities they enjoyed, and thus opened up

career paths.

4.3.1.2 People

In addition to limited formaprograms relatetb engineering, participants in this category

do not have a strong connection to people with engineering experience. Austin is one of

only two students that mention knowing an engineer. This person is a friend of his

mother, and has a degree in engineeridigwever, Austin notes:
He doesndédt do it because his family owns
doing his degree. [AustiRl.S]

Thus, the one engineer he knows does not practice engineering. Landon, the other student

who knows an engineer, has somerest in the field, but cannot describe what engineers

do. Although he knows an engineer, further questions make it apparent that his

relationship with this individual has not resulted in an understanding of the engineering

field.
| know [ enignikn eheerélsé la tchi vil engineer. And,

think of at the moment. [Landeid.S]

I kind of dondét want to go into civil bec
but the electrical engineeringking !l 6ve gr ow
things so thatodés the-HSart that 1interests
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Landon then replies that he does fAnot re
Other participants in this category know engineering students, but as with Austin and
Landon, these fationships do not seem to provide a deep understanding of the career.
For example, Noahos friend, an el ectrica
from one of his courses:

He brought home like a little circuit board like with LED lights band like a

switch with batteries and stuff and he was just showing me how all that worked

and | think thatods whadtS]got me intere
This exposure helped Noah develop an interest in the field, but has not led to a strong
vision of whata future career in electrical engineering might look like. While Noah does
provide evidence of some exposure to the field, his exposure is limited and it seems,
throughout the interview, that his true passion is associated with auto mechanics, the field
hewill likely pursue.

As with formalprogramgshough, participants in this category do describe people
as very influential regarding career choices outside of engineering. Christian, for
example, hopes to attend medical school in the future, a goal inbgieedisit to the
neurologist with his mother.

| 6m | ooking at neurol ogy too because

nerve problems in her legs and | went with her, and her, the neurologist, what he

was tal king about i tlwasjashrdystified byjitu st é |

[ChristianH.S]

For William, a family friend who works for the railroad helped him envision a

future career in welding:
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| have known him since | was a baby. We rode horses together and weld together

and stuf f |riekksbowinginzeta bttle bit andttemching me and stuff

that is how | came to like it. | just knew it was a job for me. [Willin% ]

In addition, William mentioned several family members who work foraieoad
and a family fr i eawngdtawdldindipoditipnuatter high 4clwol.h el p h
Similarly, Austin, whose dream job is to be
a family friend. His father worked with drug enforcement through the military and runs a
training company with the friend\ustin seemed very interested in this work, and he
describes his fatheros friend helping him de
enforcement.

Overall, then, participants in this category generally connect with people in
visible careers. This coection may provide some explanation for the heavy emphasis on
medical careers across the category. Many participants mentioned their physicians,
nurses, teachers, or therapists as professionals in the field who helped then envision a
future career. In cdrast, the lack of connections to professionals in fields such as
engineering may provide insights into why th

careers.

4.3.2 Perception of Future Careers

Little intent to pursue engineering as a career emerges@these participants.
Their limited exposure and interest makes discussion of engineering as a career choice
difficult for these participants. Their perceptions of the field, described below, thus
providea kind of baseline to explore common perceptimnsngineering among students

in therural Cumberland Plateau. At the same time, their perceptions of alternate careers



illuminate the attributes participants in the stedyntiesassociate with their future

carees.

4.3.2.1 Engineering Careers

Determinirg how participants in this category view engineering as a future career
is difficult, as noted above. Landon and Noah are the only two participants who mention
anengineeringcareeras a future possibility, but thdimited exposure to information and
professionaldimits their perception ocAnengineeringareer Instead, participants are
able to describe other future careers in more detail. For example, Noah provides much
more evidence about how auto mechaalags with his current interests and whhat

career may look like in his future.

Li ke mechanic, i1itds just working with |

dondédt really know what all electrical eng
stufféhonestly think |1,i kbeuti tl woeuelld |makkee yn
to go to school a | ot |l onger. I know t hat

really know if | would enjoy doing it as much as | would becoming a mechanic
j ust, Il really havenodt mhSfe up my mind
When asked to describe the difference between a career as a diesel mechamic and

engineer Noah states:

Well, t he same | think, |t h-onrsthff. WhiochBke goi ng

| said | really enjoy. The difference, | medike mechanic i t 6 s j ust wor ki
|l i ke vehicles and stuff and | dondét real
engineering isélike what al/l you work on
said, itbés reall HSJnteresting to me. [ Noa
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Landon shares amsilar story with Noah. He expressed some intereahi@ngineering
careerand has a sister wigxposure through f@rmal program but cannot describe what
a future career in engineering may look like.

Participants who did not mention any type of expesr interest in engineering
as a future career simply could not give any description of the field, though some, like
Noah, make associations between engineering and auto mechanics:

Like when | think of engineer, | think of a mechanic. [Emmh& ]

| 6mt npwood at that stuff. |l 6m not going t
could work on a weed eater engine. That 0
t hough, |l cank$] do that. [ Austin

Like | think of engines and stuff like that whenevéhnihk of engineer.
[Emily-H.S]
Many participants in this category thus express no interest in the field and present no
evidence of social connections that allow them to understand what a future career in
engineering may look like. This case is illusddhby Emily as she is asked to describe
engineers that she personally knows
|l dondt real l y Lkel&knew [aamg] heworis antieeear s é
deal ership and HHe helpopaikt thenvand stufl  think heois é
the only one | know{Emily-H.S]
It seemed that often students .@ascorh al &di nde

this word with automobiles and careers associated with automotive repair.



4.3.2.2 Alternate Careers

To demonstrate the characteristics these participapts tor in their future
careers, this sections presents the participdetsred careers, outsidearfgineering
and the attributes they associate with these careishown in table 4.1, attributes that
participants in this category hoped for in tHeiture include work that provides job
stability and financial security, work that helps others, and localeaemployment
These attributes clearly resonate across the category and seem patrticularly salient
to medical careers. Eleven of sixteen pgpaaits in this category are interested in a
career in a medical related field; other careers of interest include education, law
enforcement, business owner, auto mechanic, and welding.
For William and Makayla, like many participants in this category, @éutareer
based in their hometown that provides financial security is a primary focus. William says,
At hereds always nothing | i ke home, 0 and expl
permanently:
| woul dnét say moving per naunfamily.l because vy
mean, and youdbd just be away from everybo
youdd be all the timeHSomesick and stuff.
William hopes that a career in welding with the railroad will allow him the opportunity to

be based atdme. In addition, he hopes the career will provide him with financial

security:
The best benefits, |l i ke i nsuranceéand | us
for, is just ¢€éldéve been brought up to mak
[William-H.S]
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Makaylaalso mentions financial stability and location as desired attributes of her
future career. She is analyzing careers to determine which one will allow her to return to
her hometown after college:
Thereds al ways needs f or , ufijikethatkouow, weodve
know. |l could never see myself Dbeing a de
that, but you would just have to weigh your options about what could be here.
[Makayla-H.S.]
I n addition to financi al attribeomahyi ty and | o
participants in this category hope their career will provide. Christian hopes that a degree
in neurology wil!/l all ow him to Ahelp people
describes how becoming a Registered Nurse aligns with her debeépt
| like helping others. Everybody here thinks that | am just a big mom figure
because | have to |Ilisten to everybodyods p
just love being able to feel like | can help somebody that needs my help.
[HannahH.S]
Tay or al so hopes her career wil/ Ahel p. 0 She
future career involves fAhelpingo animals by
stuff.o
One commonality across these careers, in addition to aligning with desired
attributes, is their visibility in rural areas of the Cumberland Platesanoted earlier.
Many participants in this category describe individuals in their local community who

work in these professions. The medical fi@étdparticular seems highly visile as
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participants mention their personal visits to a doctor, physical therapist, or veterinarian as

exposure to the field.

4.3.3 Barriers to Engineering

As suggested by previous sections, the most obvious barrier toward engineering
as a career choice extenced by participants in this category is lack of expasuoeigh
formal program&andlimited access to mentors in the engineering field. These
participants often struggle to provide perceptionarngineeringcareer Participants
that do presentgrceptions oinengineeringareeroften present misconceptions as they
associate engineering with auto mechgrotiser participants simply indicate their lack
of interest, without the ability to describe what an engineering career may hold in their
fuur e. For exampl e, Makayla worries that her
her abilities with calculus if she chooses this path. Noah and Landon mention
engineering as a future pmikility, but lack the background experiences necedsary

describéhow an engineering career may fit within their future.

4.3.4Summary

Participants in this category show that withaatesgo formal engineering
programs and professionattudents in rural areas of the Cumberland Plateau are not
likely to envision duture career in the field. Many participants withaatessassociate
engineeringareersvi t h aut o mechanics and dondt typicaea
they desire in a future career. With mininagtessparticipants may associate financial
stabilty with anengineeringcareey but they cannot describe additional details of the

career. Attributes that participants do desire in their future careers ivetuklehat
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provides job stability and financial security, work that helps others, and loasdar
employmentWhile students present multiple career options, the medical field is most
often associated with providing these attributes in association with a future career,

possibly relating to high visibility of these careers indhea

4.4  Categay 2: AccessMinimal Intent to Pursue an Engineering Career

As Table 4.2 shows, patrticipants in this category feoeess tdormal
engineering programs and/ccess to people in the field. These connections provide
participants with exposure to the enggmning field. Even with exposure, however, these
participants plan to pursue an alternate career. While participants typically described their
exposure as positiveariations exist in how these participants view engineering as a
future career. For soméhdr exposure led to an informed choice, but others seem to be

left with perceived barrier® engineeringareerchoice
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Table 4.2AccessMinimal Intent to Pursuan Engineering Career

Category 2
AccessMinimal Intent to Pursue

Formal

Pseudonym Category Program People Future Career Reasons
FatherPhysics
Ella High School N/A Engineering Physical Therapy Had PT/Financial/Help/Sports
Students
Ashley High School Camp/Physics N/A Speech Therapy| Had Speech/Help/Variation/Local Caree
Dad Electrical .
Lydia High School PLTW Engineer/Brother Soil Science dif'ferenc;’yé)i;\kaggiisl}?:\fg/ll\?ga:nt withga
ag Engineer
Cousin Family . . .
Lauren College PLTW Computer Therapist/School gi?fgrgggg/ﬁgln%Frg];unéflg\gfslfna
Engineer Counselor P
Kaylee College PLTW N/A Pharmacy Fmanaal/lF-:g:[d);E\r/g? ddrglggPoer;Encourage.
. Family Friend/Work with
Makenze College PLTW N/A Occupational People/Financial/Interesting Job/Avoid
Therapy Factory
Brooke College PLTW N/A Anesthesitgy Hel p/ Fat her 6s | |
Wesley College PLTW N/A Dentist Strong Income/Help Kids/Provide for

Family/Be Own Boss

4.4.1 Access to Information

With respect to access to information about engineeangersalmost all of

these students tia exposure through a formal programcommon. Siyparticipated ira

PLTW course in high school (offered in two counties in the sawdg, and Ashley

attended a summengineeringcamp at a local university andok a physics courseith

an engineering emplsis Ella is the only one whdoes ot haveexposure through a

formal programbut heraccesdo people allows her to envision a career in engineering

(unlike participants in the previous section).
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4.4.1.1Formal Programs

Formalprograms related to engiaring wereeported through three experiences:
a course utilizinghe PLTW curriculum, a physics course, andengineeringamp
experience. Wesley provides an overview of the activities he recalls from the PLTW
course. He describes his experience incthase as a combination of academics and
handson projects:

We did some basic engineering work, like introductory computer software

drawing, just drawing on a gridded notebook. And then we did some basic math

and a little bit of elementary level physicathvould be used in the engineering

field. Then we did some projectseée We buil
little |l abs. We did some programming, wit
calledé little blocks thatog@uamaet , and w

could work on more electrical engineering, and we did a project over different

fields of engineering. And so, we got familiar with different areas of engineering;

we ot to do a lot of handen projects that were really good.

[WesleyCollegeNon-Eng
Wesley also describes how this exposure helped eliminate some preconceptions about the
engineering field. Prior to the course, Wesley related engineering to math:

| knew there was a lot of math in engineering you had to be good at. You know,

thabs the only thing you hear, i f you 1|i ke
engineering, but t haCollege NOdEOgUt al | I knew.

Lydia, from a different county, describes the course in a similar way. She also describes

her enjoyment of thelass:
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| really, really, loved that class. I loved building stuff and doing hamdgrojects
and things like that. [Lydi#l.S]
Similarly, Lauren describes the cardboard boat project:
We just took cardboard and plastic and we had to put it togethekmarzoat,
and our boat actually had propellers. We were the only ones that really got
technical with it. [LaurerCollege NorEng
Lauren goes on to describe taking the boat to a local university and winning a race.
Importantly, Lauren, had traveled veitflé prior, and she describes the trip as helping
her choose to pursue higher educatiba university
That was my first trip to [university]. | was planning on a smaller one [college]
but it kind of took the feadoyoorbést of it élt
and not worry about all the peopteause | do not like crowds. It really helped.
[LaurenCollege NorENg|
As a function ofecruitment methodshe PLTW course is most often cit@snong
students with formal exposundowever,a physics cotse at one of the schools served a
similar purpose. Ashley describes physics as one of her favorite courses and links the
activities to engineering
In physicswe dve built solar panel cars. We bui
kind of like Legostuff It t ook us forever to build th
peopl e i n myWejustirgto fgere ottih@vsesgieers, like what
they do. Like how they build, like what they have to take into consideration in
order to creat e whgagoeswrdngthey bodbackand s omet hi

reconstruct and stuff. [Ashleiy.S]
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In addition to her physics course, Ashley also attended an engineering camp for one week
at a university. She credits her physics teacher with encouraging her to apply to the camp.
Similart o Laur en, Ashl e \edgseemnggng was benfecsetimevi t h t he
away from home:
It was, | got there and itwas kindofsc&cyause | hadndét been any)
week like that. [AshleyH.S]
She reflects on thengineeringcamp experience:
West ayed i n t\Wemadeevater tbcketsnmatle a windmill,
cardboard boat, we had classes, we did so
[Ashley-H.S]
Formal exposure to engineering can thus occur through a range of experiences including
not only a courséhat introduces engineering using the PLTW curriculum, but also a
physics course andchangineeringamp experience at a local university. Participants
credit these experiences as eliminating some preconceptions about engineering, exposing

them to the filel, and for some participants, exposing them to a university.

4.4.1.2 People

Only three of eight participants in this category mentioned access to engineering
professionals: Ella, Lauren, and Lydia. Ella presents a unique case as she is able to
provide a @scription of engineering as a career through her access to people. Lauren and
Lydia mentioned family members in the engineering field,aadhas a clear perception
of engineering as a career.

For Ella, people are her only exposure into the field gfrexering. Her exposure

to engineering comes through her father, a physics professor, and her twovgiiers



have boyfriends in engineering school. Ella responds quickly when asked if she has
considered a technical career. She replies:
He 6 s [ F agtditakrmle intb it, nd | was like, oot for me. [EllaH.S]
Ella makes it clear that she is not interesteanengineering or technical field.
However, through her two sisterso6 boyfriends
career:
[Sistebs] boyfriend is going into civil engi
designs buildings and bridges and works with the road and stuff like that. And
then pthers st er 6s] boyfriend is in computer en
he said he would go to@mpany and design how their machines make stuff in
the most efficient way. [EIRd.S]
Lydia and Lauren, who did have formal exposure to engineering through PAl3oV,
each have family members in the engineering field. While this access provided an
addiional level of exposure for these participants, math emerges as a deterrent for both.
Lydiads father i s an el amgricultucabehgineen §heneer , an

notes this as strange since there are not many engineers in the area.

Mybroher 6ag @mgi neer . | 6ve been around engir
thereds not really a | oSl]around here. I t O
My daddés an electrical engineer. Forever,
wanted to be like daddyandden el ectri cal engineer. Of ¢
happen, I 1 i ke engi roeeatediperspn. [Lydibl.S) ] l 6m not
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Lauren not only had exposutteough a formal programnd access to a professional, but

she also enrolled in computer engineg as a college freshman, pursuing a path similar

to her cousin:
My first cousi nd g ausceo nphuatteérs ewhga tn ele rwea s
intoél dm good with computers but | coul dn
[LaurenCollege NorENg|

However, Lauren determined prito her freshman year that math would become a

barrierduetohersef e scr i bed Adi sability with math: o
Well, when | started, when | got acceptedUWmiyersity], | wasacomputer
engineering major. But | have baandi sabil it
engineer without the math. 1 0m good at sc
[LaurenCollege NorENg|

For Lauren, then, formal exposure and people led her to a career choice, but math became

a barrier.
Overall, then, access to people with engineering experisnimited across

participants in this category. Ella, Lydia, and Lauren have access to professionals, but do

not display an interest in the field or experience barriers that change their career choice,

as discussed in greater detail in section 4.4.3

4.4.2 Perception of Future Careers

Participants in this category can describe engineering as a future career. However,
they do not intend to pursamengineeringareetin their future. Their perception of the
career varies between an informed choice tsyrian alternate career and a perception

of barriers that may deter pursuitariengineeringareer The following section



describes their perceptions of engineering careers, along with their perceptions of
alternate careerto understand why participtmin this category choose not to pursue a

future career in engineering.

4.4.2.1 Engineering Careers

Interviews with participants in this category provided differing levels of
information regarding perception of engineering as a career choice. Althoirgh the
comments typically focus on perceptions of their desired career paths rather than
engineering, they also describe how their exposure to engineering strengthened their
intended career path, as well as how math, science, and perceived work environments
influence their decisions.
For example, Wesley demonstrates an appreciation for engineering and indicates
his exposirethrough a formal coursgtrengthenediis passion for math and science.
Wesley describes how this exposure reinforced his desire to beabenést
[ Engineering] was something | | ooked at,
[ PLTW] definitely helped encourage me to
something | could have saw myself doing, but ultimately not what | decided... |
like the math and saiee, so that was another one of the things that encouraged
me in math and science. [Wesl€pllege NorEng|
Associating engineering with a heavy emphasis on math and science is common among
participants in this category. For Lydia and Kaylee, the associatth math deters them
from pursuing this career. Lydia perceives a futuranengineeringcareerto include

Asittingd and doing Astereotypical 6 engineer
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I Il i ke engi amatoriented persdn,dom | canodo math. dondét want
to have a future in engineeringeéeWell, 1i§Kk
related to engineering, but | dondt want
certain math problems and build bridges and stereotypical engineering things.
[LydiaH.S]
Even though |1 6m kind of good at math, | w
enjoy it. [KayleeCollege NorEng
Ashl ey perceived engineering to be fAdifficul
interview, she describes enjoying activitiessaciated with engineering, but perceives a
career in the field to be very complex on a-tlaglay basis:
ltds just so, |l mean everything you do is
easy. [AshleyH.S]
Makenzealsomentioned math but, like Ashleysas oci at es engineering wi
She describes her inabil i tugeergineer@haysolve e st uf f

complex problems on a daily basis. Makenze also mentions a desire to work with people

in her future, an attribute she doed associate witanengineeringcareer

|l just donét | i ke the math stuff and | 6m
good at | i ke figuring stuff out, I|ike, I
deal with people and | guess mostenginee dondét really deal wit

much; they just do their own thing. [MakerZellege NorRENng
For Makenze, exposutkrough her formal courggovided her with a vision @&n
engineeringareet hat <c¢l early didndét alizgn with how s

When | got exposedtoit knew that | definitely didno
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[MakenzeCollege NoRENng
Timing may also play a role for some participants. For example, Lydia explains
having to make a career decision thgsade
The day before it [fieladf study selectionjvas duel decided | was going to go
into ag, just because my brother did and | thought it was something | would like
to do too. Before | was ever exposed to engineering, | had to make my choice.
You know, in high meaoetettieloubavetotgkeiar you
that area of study. Last year | was fortunate enough to take the engineering class
along with my ag classes, and | really 11
approached when | was younger about engineering, likeenfybad some kind
of engineering class freshman year that might have made me want engineering a
little more. [LydiaH.S]
Her comments suggest that the timingerposuranay be critical, although, as noted
earlier, Lydia also rejected engineering hesmof the math and her perceptions of
Ast eicl®n yipneering things. o
Overall, participants in this category perceive engineenngays that steer them
toward another career. These participants strongly associate engineering with math and
scienceand generally associate the career with a high level of difficulty. In addition,
participants also believe that engineers may not regularly interact with people on the job.
These perceptions speak to exposhreugh a formal coursas providing informed
choice, but gaps in studentsdé perceptions ma

participants failed to associate engineering with attributes of a future career presented in
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section 4.2. There is little discussion across the interviews of how a caesgjineering

mi ght align with the participantso desired f

4.4.2.2 Alternate Careers

Instead of engineering, the desired career paths among participants in this
category include occupational therapy, psychiatry, speech therapy, physieglyth
dentistry, pharmacy, anesthesiology, and soil science. Given the number of participants
interested in the medical field, it is important to identify common threads supporting
these choicesncluding family support of the career path and alignmetit attributes
such as stability, income, and ability to help others. In addition, many of these
participants describaccess to professionafsthe field.

First, career path decisions start at home, with all students in this category
mentioning parentand family as primary support. All eight participants mention at least
one family member as a primary support in their career decision process. This support
varied among participants, but may provide s
choice of a ceeer related to the medical field. While parental education levels and career
experience varied, one common trend emerged across advice participants received:
participants consistently report a parent who desgdbeealthcare related field as
providingjob security and sufficient income.

For exampl e, Makenzeds mother has a frien
This relationship provides Makenze wdhcesgo a professional and sescribs her
parents as supportive due the financial aspectgbeseive with the career:

I've just always, like, one of my mom'’s friends is an occupational therapist, and

like my mom and dad have alwayige, talked me into it They didn't really talk
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me into it, but they both talked about it, and how good thegand that helped
out a lot [MakaylaH.S]
Kaylee tells a similar story of family encouragement toward a medical career. Kaylee
credits her choice of a career path toward pharmacy to her grandmother and her desire for
financial security:
I d i d n &hatlvkas gning tondo forever, and every time we see somebody
she knew was pharmacy, sheol |l be |1 ke, Oh
pharmacist, Ithink t hi nk t hat és what you need to d
and | 6ve al ways grmoneys@lthmothat thHatgoushesige a | ot
to want money when | grow upause like how hard my mom had to struggle,
and | dono6ét want -CollegebNaEnyi ke that. [ Kayl ee
Wesley hopes to become a dentist. His father is a dentist, prohidmgith direct
access to a professional infiedd. He descri bes his fatherds encc¢
other career areas, rather than selecting dentistry simply to follow in his footsteps:
He didndét want me to do .it simply because
[WesleyCollegeNon-Eng
Ultimately, howeverWesleydid decide on dentistry, crediting exposure through a
biology course in school as aligning the field with something he enjgys disease:
We had to do a disease project for an adyv
diseasé | thought that was interesting, that was the first thing that really woke it
up. If I think this is interesting, and a lot of other people don't think it's interesting,

maybe this is something | could.dw/esleyCollege NorEng

124



In addition, Weslg views dentistry as providing financial security, the ability to help
others, and work he enjay§his is evident as he describes what he hopes his career will
provide
A good income, an opportunity to help people that need it, and something that |
don'tdread going to every day. | don't want to do something | have to dread
waking up in the morning like | don't want to go to work today. So just something
that pays well that | can provide for a family. That's really important.
[WesleyCollege NorENg|
Wesky is not alone in aligning a medical career with helping others. Brooke hopes her
future career as an anesthesiologist will allow her the ability to help others as well:
| don't know, I, like if someone's sick | will be able to help make them better and
like being on the other side of it with my dad being sick it's really scary and you
want to be reassured that everything is going to be okay and | just want to help
people | suppose and this is my way of doing.figxboke-College NorEng
Overall, these articipants describe the medical field as providing attributes they
desire in a future career. Participants do not typically describe the duties of the job, but
spend more time focusing on what the career may provide in their future. These
participants disusswork that provides job stability and financial security, work that has
variety, work that helps others, and localareaemployment This perception is
supported at home, as many of these participants describe high levels of family support
related tahese careers. This perception may also stem from connections to medical
professionals in the local communigyiven that participants report high access to

professionals in the field.
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4.4.3 Barriers to Engineering

As indicated in section 4.2, althoughrticipants in this category have access to
information about engineering as a career, they have chosen not to pursue the field.
Barriers that led to their decisions are often related to the perceived skills necessary to be
an engineer, includindut notlimited tomathematicss noted earlieThe following
guotations illustrate such perceived barriers

Well, when | started, when | got accepted to [university] | was a computer

engineering major. But | have aandi sab

it

engineer without the mat h. | 6m good at sc

[LaurenCollege NorENg|
| 6m good abtutc olmpcuauvelrdn 6t -Cdllege NosmlEng ul u s .
|l did not | ike the drawing aspect of
[WesleyCollege Nbon-Eng
| thought it was very interesting and it takes a lot of skill to be an engineer, skill
that | donét think | have but | think
[Brooke-College NoRENg
Ashley offers perhaps thaticulatedescriptions of thedearriers. She enjoys
building and creating, and is fascinated with engineering. However, her image of the
field seens out of her reach:
I mean everything you do is going to
make everything perfect. Like andldubt myself a lot so | meahget, you know,
a perfect building and then | 6d come

orsomething. Imeah never have a final resul t.
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| like designing stuff, | mean can visuéize it in my head and then try@tjust

trying to construct it. | 6m @®jast very muc
trying to get the first steps. That 6s wh
very first steps, Ibuilding a @uilding, Imeanghat, never do
thatod be, | 6d be afrai-iS)] 6d crash it or

As the comments suggest, Ashley places a lot of responsibility on the engineer. She
views the field as very difficult and sees the responsibility for desygan entire
building from scratch as falling to a single engineer. This level of responsibility, and the
fact that Anothing would be eanengneeringr esent s
careeras part of her future self.
In other cases, thearrier is more nebulous, and may link to a lack of
understanding that persists desjpaenal exposureFor example, Kaylee had exposure
through a formal coursa high sdool, but never aligned engineering wath actual
career choice.
Well,Itooka¢ ass in high school él donét know i f
to do. | wouldnodot really know exactly wha
kind 1 would even want to do. [Kayle@ollege NorEng
Whil e not specifical |l yslzatier ma teconnmot he i nt e
to these participants. Participants in this group nevermliréngineeringareer with
desired attributes of their future. They make strong comments about the perceived
abilities necessary to become an engineer, but do not destulsstes such as finances,
job stability, location, or helping others that seem important as they discussed their

chosen career path. In this context, it is important to note that only three of these



participants describe knowing people associated wigineering, although all eight
know people associated with their desired career choice and could link their choice to

desirable future attributes.

4.4.4Summary

The eight participantis this category describexposureghrough a formal
programand/or acess to people who have helped them develop some understanding of
engineering as a career choice. Participants indicated three formal experiences that
produced exposure to engineeriRg. TW courses, a physics course, angagineering
camp experience. Ommarticipant, Ella, is included in this category even though she has
no formal exposure because she is able to describe enginesméegsn some detalil
based on her connection with people. Only three participants describe having both
exposurghrough aormal courseand access to professionals in the field. Although these
participants can describe engineeraageersthey are all choosing to pursue other
careers, predominantly in the medical fields. In making these choices, all participants
discuss pedp as prominent influences toward their chosen career. Participants were also
able to articulate how their chosen career aligned with attributes they desired in their
future career, while their descriptions of engineetypgcally focused on skills gaphat

prevent or discouraged their entry into the field.

4.5 Category 3 Accessintent to Pursue an Engineering Career
Table 4.3 summarizes the participants inAlseess’ Intent to Pursu€ategory.
As the table suggests, most participants in this cagdgiore been exposed to engineering

through a formal experien@nd personal connections. They then typically pursue the

12¢



field because of a combination of financial stability and personal engagement. This
personal engagement usually involves links betwegnitges these participants enjoy
and perceptions of engineeringreersThis realization often occurs throufgirmal
programsand access to professionalso help participants perceive engineering as a

possilbe careein their future.



Table 4.3 Accessntent to Pursuan Engineering Career

Category 3
Accesdntent to Pursue
Pseudonym | Category| Formal Program People Future Career Reasons
Summer HS. PLTW N/A Marketlng/CQmmgnlcatlon Financial Secur!ty/HeIp
or Engineering Others/Creativity
FOLLY AETE T Infjustry . Financial/Retirement/Interesting/
Adam H.S. Technology Computer engineer Computer Engineer . .
: Avoid Family Struggles
Course Railroad
. L . . . Financial/Help Environment/
Leslie College PLTW UncleCivil Engineer Environmental Engineer Education=BrighteFuture
PLTW/CTE 3-Engineers/Uncle Financial
Jackson H.S. Agricultural gine Engineering/Building Stability/Education=Brighter
Engineer . .
Courses Future/Likes to Build
Joseph H.S. CTE Agriculturay N/A Engineering Financial Stability/How Things Wor
Courses
GrandfatherCabinet - . Financial/Less Labor Intensive
Logan College PLTW Maker Civil Engineer Career/Like to Build
Financial/Meaningful
Parker H.S. Camp/PLTW N/A Engineering or Medical Work/Building/
How Things Work/Math and Scienc
Alex HS. PLTW FatheFV\_/orkswnh Chemlcal_ or Nuclear F|nanual/Math/E(_jL_Jcatlon:Job
Engineers Engineer Opportunities
Aunt draftsman @
Haley HS. PLTW engineering CO'.’. unpnald Nuclear Engineer Help Others/Math ar_l(_j Science/
internshipmet "real AreaOpportunities
engineers
FatherEngineer, Uncle
. . EngineerMom & . . . . Financial Stability/Meaningful Work
Destiny H.S. Physics Course Stepmom in medical Biomedical Engineering Help Others/Make Things Better
field
Chemical Engineer Stable Income/Math and
Alyssa College PLTW N/A (Biomolecular) Séence/Help Others
Father . . i
. CTE Electrical Electrician/Mother . . AR O_pportumﬂes/Math
Eli College . Electrical Engineer Ability/
Course Computer Science/ .
) . : How Things Work
Dinner with Engineers
Micah College N/A Grandfa_therCNlI Civil Enginee Financial/Job O_p_portunltles/Math
Engineer Ability
. Financial/Math Interest/Help
Steven College PLTW Fatheénmai\rc]ggnrlstll- Mechatronics Others/
9 Make things Better/Create
David College Camp/PLTW Local Farmer with@ Ag Engineering Local Ceeer/Interest/Financial

Engineering Degree

Stability/Help Others
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4.5.1 Access to Information

As shown in Table 4.3, this category represents participants who have had
exposure through a formal programd/or access to professionals and plan to pursue
engineering as a careéormalprogramsnclude the Project Lead the Way (PLTW)
curriculum offered in two of the school systems, science courses, Career and Technical
Education (CTE) courses, and a sumerggineeringcamp experience at a local
university. Participant experieas with each of the courses viagd all information
reportedherereflects participant perceptions of the exposure rather than course content or
instructor.

In addition to formal programsany of these participants also have informal
exposure to engeering through professionals, ranging from degreed engineers to local
individuals with engineeringelated experience. Participants typically linkedhese

professionalshrough connections with family and friends.

4.5.1.1 FormaPrograms

As in the prewous category, formadrograms for these participants include
coursework through the PLTW curriculum, science courses, and CTE courses, as well as
a summeengineeringcamp experience at a local university, with access varying by
county. Two school systenadfer engineering courses through PLTW and another offers
a physics course that seem$ptovide some exposure émgineering. Across schools,
participants also credit CTE courses with providing engineering related experiences.
Students in this group credhese experiences with providing their first look at an
engineeringrelated career, linking things the participants enjogrtengineeringareer

For example, Alyssa, a college sophomorehi@amicalengineering, initially planned to
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major in pharmacya common choice among collegeund participants in this study.
She describes her engineering course as her first experience with engineering, which then

changed her career path. MUite participants without exposure through formal

programs Al ysnda ikdaiodv anyt hing about engineering

described the course as a combination of hamdactivities and coursework:
| took a class senior year called Introduction to Engineering, Principles of

Engineering, we just talked about thefeliént, various types of engineering, and

|l i ke, what theyo6re composed of and what

became interested smemicalengineering because I like chemistry and math, and

t

just any kind of science and that just really sparkgdm nt er est t o engin

We made model rockets, we did a cardboard boat race where we created

cardboard boats that weWédvwortedtvith r ace at

hydrogen powered car séso i-Qollege€myl |y | i

Haleysharea very similar experience. Many
careers in the medical field, and her initial intent was also a major in pharmacy. She then
describesiowa PLTW course resulted in her desire to major in nuclear engineering:

They[teacherkteach you things that really interest you. Like | said, before |

came to this school, | was going to go into the medical field. | thought pharmacy.

But then | came here and | started gathering a love for math and for science. Like

Ihad acollegemathdee That 6s the first time | real

got into the harder stuff and | was <chal

liked chemistry. Because | could tell how things worked and | could do things that

most people codiltdmatt. dlo wmdlerl stlodkde it
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took my engineering class and then thatos
engineerél | ike engineering bexause it en

something you can learn, bufsitsomething that has to make seto you. You

have to be able to see it, and thatodés son
And | | i ke that i1toés challenging. Li ke ev
l earn itélf | had never had éanhtegoengi neer

into pharmacy. | would be looking at a totally different skill set and totally

different outlook. | would be going to a different school for different things. |

woul dndédt have been as open to other i deas
research, i ke | was set on pharmacy, | knew th
wrong. So, without the engineering class,

that | have, | would have had just a love of math and that kind of thing.
[Haley-H.S]
Both Haley ad Alyssa describe math and science as subject areas they enjoy.
Hal ey adds that she has the ability to ftel]l
suggest, they both credit the engineering class with providing a link between the things
they enjoy and future career.
Other participants in this group also relate their interest in engineering to things
they enjoy. These include a desire to build, fix, desigierstandhow things worka
love formath and science, and creativity. For Logan, a freshomdrengineering major,
the engineering course that provided his fegberience with engineeriigj ust sounded
|l i ke something 16d |ike to do.o This experie

in building and designinthat hedevelopedworkip i n hi s grandf at her 6s
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Similarly, Alex describes his interest in building, along with his interest and ability in
math, as reasons for entering the engineering course.
For a number of participants in this group, their enjoyments were |otkectly
to rural culture. Many students from rural areas along the Cumberland Plateau associate
with, and have experience, in farming and agriculture. Agriculture courses are credited
by David, Jackson, and Joseph as introducing engineering as dgoas#er choice.
Joseph describes his enjoyment with understanding how things work. He relates this
interest to his |ife at home where he is usu
working on something broke doVWwmgtehre !l pi ng Dad
enjoyment in understanding how things work
|l dm really, 1 like how, to see how things
When | was a kid, | always built, like took stuff apart and see how it worked and
put it back t og e tdhobag stuff and reeghHanicgl thingsknel al | K i
stuff 1like thatéHow t-AHBljngs work and stuff
He goes on to describe how his Cadficulture class introduced engineering as a career
that aligns with these things he enjoys
We do stuff all the time iag, you know, motors and stuff like that. Build and
stuff, things |ike that in nature. We tak
with them you know, engineering kind of stuffag Engineering. [Josephl.S]
Eli, a sophomore electrical engineeringdsnt, attended high school in a county
where an engineering course was not an option. For him, an electrical course through
CTE reinforced his existing desire to major in electrical engineering by providing the

handson experiences he enjoyed.
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| enjoyed vorking with the wiring, | enjoyed working with the electrigignd |
particularly enjoyed whenever | got something wired up watching it work.
[Eli-College Eng

El i 6s i ni anelectricalengiheermgaseercamenthrough personal

connectionsas discussed in the next section, but the CTE course reinforced his desire to

pursue his electrical engineering degree.
Destiny also attends high school in a county without a formal course in

engineering, but was exposed to the field through her highosphysics course. The

course combines hand® activities with academics.
Wedl | do ,tbhoeork wweobrlkl do act ual hands on st
there. We just put all the pieces togeéhéthought it was so neat we got to do
this. [DestinyH.S]

Destiny describes several other activities from her physics class that linked to her

interests in how things work and how design can improve functionality. When asked

about her future career, she refers to an activity from her physics class
Actually, physics class kind of sparked my interest in what | wanted to do. We
watched a video over how prosthetics and stuff work..like doing that stuff and
designing that stuff. I thought that was
interesting to design dfuand figure out how stuff is going to work. | actually
started looking at stuff and | got interested in biomedical engineering and | just
really want to pursue that and thatdés wha
University of Tennessee and thatwheré m pl anni ng on going in

[DestinyH.S]
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As these studeriigxperiences suggest, a range of different formal settings can
provideaccesgso engineering in a way that engagi@sm Haley and Alyssa provide
evidence that engineerimxposurecan cture students with a strong interest in math
and science. Logands attraction centers arou
building and math. Engineerirexposurecan also capture students like Summadro
desires a career where she can applycreativityAdamwh o6s path began wit
strong interest in computeisli, who is interested in electricitjstevenwho is majoring
in mechatronicsDestiny, who is interested in biomedical engineeriagd David who
associates engineering with egitture. For each of these students, a formal setting
provides the means to clearly connect their own interests to potential engineering careers.
Importantly, while PLTW is most often noted among students as providing exposure,
students also credit sciemcourses, technology courses, CTE courses, and a summer
camp progamin engineeringvith providing experienced his diversity of paths is
particularly salient in this rural environment where formal education may be the only
exposure students receive, batited school resources can limit the types of experiences

available.

4.5.1.2 People

Although formal programarevery important in helping students construct a
future self that includeanengineeringareer access to mentors appears equally
importart as students in this group navigate toward that future. One thing participants in
this category have in common is support from their family. Regardless of family
membersdé6 experience | evel with the engineer:]

famiies support their studentsd pursuit of high
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this category, only four students are from families where neither parent holds a bachelors
degree, and only two, Alyssa and Steven, have parents without any collegereqer
Participant reflections on how people influence their future career choice show
that enhancing exposure with access to mentors provides participants with a very real and
clear image of the career in their future. For example, Alex developed sestrte
nuclearengineering through his PLTW course. His father is a salesman for an automotive
robotics company and works with engineers, which provided Alex with access to several
professionals in the field. Alex reflects on his interaction with thegmeaers:
My dad actually works with many engineers
They actually helped me with one of my homework questions from advanced
algebra and trig...They helped me throughnd | was actually the only one that
came to schodhe next day with that problem finished and had to explain to the
whole class how to do it, so | felt kind of cool just talking to an engineer. The
guys he works with are really smart and really cool. [Ae$]
When asked if he talks to them about eegiting, however, Alex indicated:

Al dondt talk to them about | guess engin

| mean | guess | could talk to them about it if | wanted to it would be okay.

[Alex-H.S]
Notably, Alex sees ndhecseolengimeterasl sas Mrarama
accessible. Therefore, Alex notes that when
engineering. This relationship amith Areal o e

engineeringcareelin the future and realize thtttey are approachable people he feels

comfortable with.



Haley shares a similar experience. She describes significant exposure to the
medical field in her family, and notes that prior to her PLTW course, she intended to
major in pharmacy. PLTW, howeverxmoseder tonuclear engineering as a career
option. Her auntdés position as a draftsman a
personal link. Exposure to engineering through her course prompted Haley to pursue a
two week unpaid summer internship witkrfaunt. This internship allowed her to meet
and talk with multiple engineers; during her internship, she spent time with two different
engineers every day, exposing her to multiple professionals in the field. Her reflections
on the experience show thatene i ng t he HAreal 06 engineers took
path.
| gained a lot from that experience. | got to see what that side of engineering was
like. The side of engineering that the people who work in an office building.
Working on drawings and gog places. And | mean, | would rather work in a lab

than an office. | knew that much but it was still nice to see what they did on a

daily basisél think it helped me a |little
i nt o. I knew t hadslthotghtwwas going to lzesl knevethat i f yi n g
it wasndét going to be as strenuous, It wa
people, they werenodt straight A students

they did. So that gave me confidence, so | kheauld do it. [HaleyH.S]

Like Al exds Anormal 06O conversaai ons, this
engineeringareeras something she could achieve. Access to professionals appears to
havehelpedboth students perceive their own futur@mengineerig career For Alex,

his association with engineers helped him see that they can be very personable and solve
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the problem for his course. For Haley, her association with engineers helped reduce the
fear that engineers have an ability that she does notgzo&erealizing that they were

not (A) students, but were still engineers, Haley gained confidence that she could become
an engineer.

Destinyds story repeats this pattern. Her
engineering results from a combinatorf exposure to healthcare th
career, exposure to engineering through her
engineering in her physics course. When aske
their influence:

| think that ha a big influence on mé&Cause my dad would talk about what he

doesnowand | thought that was very interest:.

go into healthcare. |l know itdés kind of |

My dad just talked about &nd got me interested in it first, then | had my physics

class and that got me interested in it. And, just my mom, like, I really want to be

able to help people and stuff. When | get
lcan.ccaus e | dounsbtt Ikinkoew,, Il Ilji ke hel ping peop
want to do that. | thi-AH8] itds really inte

While Alex, Haley, and Destiny all credit a degreed engineer with their exposure
to a professional in the field, for other students, oplaeticipants found that access
through professionals in related fields. Eli, Logan, and Steven credit family members
with helping them develop engineering as a future career choice. These family members
have careers as a cabinet maker, an electriciarg arathinist. Logan credits his

enjoyment with building and design to his time working with his grandfather building



cabinets. Eli credits his father, an electrician who works at a nuclear power plant, with
most of his knowledge @fnengineeringareer
| was talkingto my dad because he was thEeaCTE electrical competitign
with me and | was talking to [electrical teacher] and | was saying you know, this
i sndét a bad thing, a bad job. |l coul d
tradesman andhenever | got to talking about that they were both right together

in what they said. They said | ook, if

professional degre®on 6t go for a | abor jobéat that

going for a t eaconbenyouhavebeenTding that ra80 yeéars and

your hands feel |l i ke theydre being stabbe

it being stabbed Wwibackwhdnd gas &8ysarsyldlu 61 |

coul débve gone t o c ol telengthesesprople whatto a degr ee

do®1 mean | enjoyed working with the wiri:

|l got something wired up watching it
idea for me to just go for a degree, for an engineering degree.
[Eli-College Eng
Similarly, Steven credits his father, a machinist, with his interestmachanical
engineeringareer

| would say my biggest influence would be my parents, they always wanted me to

succeed and my father bei nchildaantstaloehi ni st

Il i ke their father in a sense so | was

[StevenCollege Eng
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In each of these cases, theé u d makd adcennection to a haiids trade and, with
support and even urging from the trggefessionalsgdevelop a perception of a related
engineering career.

As the participants demonstrate, access to professionals is important as
participants describe their career path. This access helps students perceive their future in
anengineeringareer Access to engeering professionals helped Haley and Alex
alleviate the fear that engineers have abilities beyond their reach. For Eli, Logan, and
Steven, access to people with relevant experience supported their exposure to
engineering. Such findings suggestthat gaotei onal s | i ke Stevenoés
with relevant experience in manufacturiegn be very important promotng exposure

in thisareathat has an economy heavily influenced by manufacturing.

4.5.2 Perception of Engineering Futures

Section 4.2 dablished that throughout tlaeea participants hold similar views of
attributes they hope their future career will provide. Participants in this category differ
from the previous groups because tlaeicess tdormal programsand professionals ba
helpedthem develop perceptions of engineering as a future career that includes these
attributes. These participants generally perceive an engineering career as connecting
things they enjoy (building, fixing, how things work, science, math, and creativity) to
desired attributes of a careavdrk that provides job stability and financial security, work
that is not physically demanding, work that has vayetyk that helps others, and local
or areaemploymenkt The following section provides examples of how thesdicipants

perceive engineering as a future career.
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Financial stability emerged across participants in all categories as an important
attribute of their future career. Participants in this category associate a fudnre in
engineeringareemwith the alility to provide adequate financial support for themselves
and their future families. As shown in section 4.2, families support education as a
pathway to financial stability, and for these participants, families, regardless of their prior
experience withegineering, positively associate the field with job opportunities and
financial stability. Micah illustrates this pattern when he discusses parental influence:
They al wayséwanted me to do well éMy degr e
that | willactuallyf i nd a j ob ,dom&ty oggo kinrotwo musi ¢ or
likethatlt 6s really hard to find a job when yoc
well, has a lot of opportunities. [Micabollege Eng
Mi cahds mother i s an att oggmedfatherwasacivil at her i s
engineer, and all suppatcareer irengineering as a pathway to financial security. This
support emerged for other participants as well. Adam, who mentions his financial
struggles throughout the interview, also vieamsengineeing careeras a path to financial
security. Adamdés mot her works at a chain res
asked what an engineering career may provide, Adam replies:
| want it to provide me with what | needé®@
money | ike Bill Gates or anybodyél want t
having an enjoyable job and just food, money, shelter, take care of my affairs,
thatdos about it. Have enough saved up whe

comfortably. [Adan-H.S]
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Through his research, Adam found that in computer engineering the salary range varied
from i $HFE,0WGE year. When asked how this compared to careers in his
area he replied:
|l know how it compares to Thgmimwmbfer and t
that is about 12 times better than what she makes papedst. [AdamH.S]
Table 4.3 shows that participants across this categoryaveaveer irengineering as a
path that will provide adequate financial support in their future.
But while financial concerns are important, an association with activities the
participants enjoy is also very important in how participants perceive a career in
engineering. Many of these associations can
their formal eéposure. Summer provides a unique perspective as shedope=er in
engineering will provide a balance between her interest in arts and creativity and her
desire to have a stable career. When asked about the difference between her interest in
engineerig and artshe indicatet hat At hey sort of meld togeth
it. @Cause engineering is sort of being creative and to be creative you have to engineer
things. o She goes on to describe how she vie
career
I n engineering theydére trying to solve pr
you going to have to think outside of what you were doing. | heard someone say
before, you cané6t fix a probl emYduhe same

have to fnd a way to build upon your creativity. [SumntéiS]
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Summer views career irengineering as an opportunity for creativity. Her outlook
regarding how she can blend her interests into a career focuses on robotics and computer
programming.
Whenyoubuilda obot i f you want to make itéinst
8 0 Ghuicky robot, how to make it more humanistic is what your looking for. Or
when youdre doingéwhen youdre working wit
things, | ike you é&ingawewplograpbutyhowt@dmake engi ne
that program easier for a person toéduseore simplistic, but easy to understand.
[SummerH.S]
Creativity is one of many attributes participants in this category believe their
engineering career will provide in theirtiwe. More broadly, participants believe their
engineering career will provide meaningful aradtiedwork. Destiny hopes a career in
bi omedi cal engineering wil/ all ow her the op
new things while you areinyourdjo. 6 Her research into the fiel
biomedical engineering professional can do research on new methods and products or
actually be involved in their constructidbe st i nyds desire to | earn o
to other participants as well.
For sever al parti ci pan tireclytoheigng peopleg f ul wor
through an engineering careechoing the rural values around community. Alyssa,
Haley, and Destiny each had an interest in the medical field prior to their engineering
exposu e, i n part because of its reputation as
of engineering, they each realized that a career in engineering can also provide the ability

to help in their future. For Alyssa, she hopes her degrefeeimicalengineeing with a
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bio-molecular emphasis will allow her to research cancer in the future. Haley hopes she
can one day contribute to society through research around nuclear energy. Destiny
reflects on how exposure biomedical engineering allowed her to envish@tping in a
different way in her future
| just like, just how, I love actually, looking at how things work and figuring out
how they go together. I 6m just really int
something in healthcare too. So, | just thougiuas a good fit. At first | kind of
wanted to be a dentist. | wanted to go for that and then I kind of figured out that
| &m not reall yébeing in somebodyds mouth
do thatéso | wanted to dyhelgbutmeat hi ng wher e
different part of it. [DestimH.S]
Similarly, Alyssa desires to give back to society through cancer research as a result of her
education irchemicalengineering.
ltédd be cool to work in a | absupgésatl|l oésea
of peoplehavdb een af fected by cancer él mean, it (
on and to know t hat &GauseullysseColege&kngr i but i ng t
Other participants make similar statements:

| 6m excited to ma koaknaw ifdyoufwbrlein reseazching Be c au s e

nucl ear technology, i1itds going to help so
make the tiniest discovery, i tds going to
an invention that will revolutionize some little thinginf e, 1t 6s goi ng to
somebody somewhere. People will remember
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t heyol | know, hey this is a handy tool
because of me. [Haleiyl.S]
|l 6m going to school f or iddevelopmgforthe sci ence
general good of people. For instance, | could make a robotic system that could
function in places where people could wor
help everybody outél would Iike to help d
general good of people by developing like my new equipment for deep within the
Earthdés core or crust or exploration equi
could be applied to help for our advances in science. [St€eéage Eng
As described in seidin 4.2, however, another critical issue for studemith

respect to future careeis location. On this issue, participants who hope to become

engineers in the future have very mixed opinions ranging friearéhat theareahas

engineeringpportunites to an open mind around relocation.
Mentions of careers that may providgportunitesin the local community are

typically related to agriculture. David, a freshmargnicultural engineering, described

his choice to major iagricultural engineerirg as aligning with his desite live in his

local community. His experiences with agriculture range from his work experience on a

local farm owned by an agricultural engineer to his high school CTE agriculture courses.

Davi doés desi r eareq, oombined vath hisnntetest ia agticaltara, imade his

career choiceeasyi ven that agriculture is fAihow we ma
Other participants describe feeling fortunate that many opportunities are available

for them within thearea Eli hopes he Wilibe able to work in Chattanooga in Southeast

Tennessee. This | ocation would allow him the
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or | could Iive in Chattanooga and it woul dn

my famil y. 0 Otdhechappystd sattte énrlaseswitivinoan éasy commute

of home and family. Haley sees it as fortunate that nuclear engineering has an abundance

of opportunities in Tennessee, noting Oak Ridge National Labs in East Tennessee. She

realizes that her careeillnot likely allow her to remain in her local community, but

will allow her a rural lifestyle close to family.
| like that Oak Ridge is close enough to here that | can come back and see my
family and my friendsél am dastrobgunate t hat
foundation in Tennessé&eause we have Oak Ridge, we have a number of nuclear
plants- like Tennessee has more nuclear plants than most states. And we have the
Tennessee Valley Authority, which allows us to have those. And we have a good
foundaton in nuclear technology. [Haley.S]
However, not all participants are as positive regarding the outlook for careers in

their local community. Some students who desire to refoealhave some concern

regarding opportunities in their local commuyraind even theiarea Alex, a high school

student, is not sure where he may want to live in the future, but he does want the option

to live in the locabrea While he is open to relocate, he hopies engineering will

provide him with many options reghng location in his future:
|l dondt want to get stuck in [hometown] o
optonstomovebut | donodot, | want,buodo hadendhe wap
to have to move. | want to be able to have a choice of stayim@ me € Ther ebs a
couple of small firms in Nashville that might give meajolut t hat 6 s pr obat

about the only option inddiedenmpssee. i f | was g



[Alex-H.S]
The perception that a career in engineering is not viable iaréhevas mentioned

by several participants in this catego@pllege students, reflecting on their future career,

see their peers relocating for jobs nationally and globally. Micah reiterates the perception

held by David that agriculture is the only enginegnprofession that may provide a local

career:
It depends on what you want to go into | guess, engineering, it would be hard to
find anything herelf | had to guess, anything agricultural you can stay here pretty
well, I guess. [MicakCollege Eng

Alyssasees her peers venturing to other states and countries for engineering

opportunities. These moves concern her greatly because she hopes to remain close to her

home and family:
| 6m going to try to get a cl osath¢ ob. I ho
like,theareaT hat 6s one of my biggest fears, It
homeéYou hear a | ot of -oppedbpilted st hiant Tteaxl aks ,a
itéds in another country, iitbés | ikeél oh, I

want to be close to my family and somewhe

medi um, I dondt want it to be too smal/l,
like Nashvilebut | wo uhedimiox e miox@mmuti ng there. I
toolong.S o , I dondt want to go to another st a

[AlyssaCollege Eng
Participantso | evel of exposure to other

seem to influence perceptions of their future location. Alex and Micah seem open to
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relocate. Bothhave collegeeducated parents and describe experiences traveling during

their youth. Alex and Micah provide positive descriptions of their home and community,

but share an open mind regarding living in a city in the future.
Personall vy, | t6 mayve idd avbiggerscity aral seie et its like. |
want to plan on doingtheemp pr ogr am. | 6ve al ways thoug
to a bigger city just to see what its like. [Mic@lollege Eng

Alex specifically mentions that his mother encourages hiexperience life in a city.
I want to |live in a big city at | east onc
in a city once. That anibypu liyedt staylmddyou what it
donodot | i ke it yolWS]Jcan come back. [ Al ex
Participants eross the category thus have varying ideas about available

engineering careers in their home communities. Overall, however, participants in this

category seem open to a career withinaresathat will allow them to remain within an

easy commute to homedifamily, but are generally reluctant to reloctate far away
The desirable attributes these participants linked to enginesiegrgfinancial

security, helping others, future location, etc) are common attributes participants in the

studycountiedink with their future career. These participants differ from their peers in

other categories because thetposurenas helped them link these attributes to a future

careelin engineering. For participants in the stuwdynties financial security is

essatial, and is reinforced by families and the community likely because of struggles

faced throughout thareaas manufacturing and other industries are in decline.

Participants in this category seem very aware of engineesiregrsaas a way to achieve

thatstability. At the same time, community values and relationships seem to support the
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idea that participants want to help others in their future career. These participants have
found that engineering careers can provide this attribute in various ways. These
relationships also create the desire for the participants to refoagto homeWhile the
areaoffers opportunities in engineering, the perception of location associated with
engineeringareers/aries across participants. These attributes are ciitichkese
participants as they consider engineecageersn their future. The ability to link these

attributes to engineering separates these participants from those in other categories.

4.5.3 Barriers to Engineering as a Career Choice

Participants irthis category typically have very supportive and involved families.
When discussing attributes of a future self that includes barriers or fears, these
participants do not have strong images of parents or close family who display attributes
they hope to avd. The participants in this category typically have a strong desire to
succeed and are driven to take advanced courses in their high school curriculum and
difficult subjects as college students, but not as a hedge against a feared future. Still,
participants in this group do identify some barriers, including lackkpbsure to
engineering, limited access poofessionals, financial barriers to college attendance, and
difficult transitions from high school to a university.
Accesgto engineers in rural aas of the Cumberland Plateau is limited, and
several of the college students articulated this gap:
There werendt too many peangineeringlegrdelnew t hat
except for my mot her 6s ,wehopetently gassettlet one of

was also a mechanical engineer. [SteCatiege Eng
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You arené6t introduced to a | ot of things.
colleges, like, jobs, | gues&ause everybody works right here.
[Leslie-College Eng
| mean, you peoptedalk abgutjobs,tike bidjabs in like
engineering like in other states. Like million dollar jobs and stuff.
[Leslie-College Eng
Financial considerations for college may also provide students with a perception
of a barrier. This concern is memtied by many participants. While financial aid and
scholarships often alleviate the concern, participants and families may lack the
knowledge and understanding of the process to acquire assistance.
What 6s difficult i s maymightnatbavesthe, a f i nanc
money to pay off college and my parents have already paid my sister off and they
might not have enough for me. [JosepiE]
Other barriers mentioned include the perceived lack of prepathatstudents
have received in their locatisool. The perception that college is difficult has Joseph
nervous about his success in engineering in college:
People tell me all the time how hard col |l
do it, but |1 Oom pretty cldosephpH&E Nt t hat | wi
Similarly, Alyssa and Leslie reflect on the difficulty level of the engineering path in
college. Alyssa sees this difficulty as her primary barrier:
|l mean itds |, utséts heanrgdi,n ebeurti nig ,meiatnés goi ng
really know of any obstacles that, | mean, just adjusting to college was the biggest

one. [AlyssaCollege Eng
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Alex shares a similar concern. His exposure to engineering through a course in
high school has proven to be more difficult than he anticipated. Theecslurg/ed him

that engineering is more than an interest in math and building

The engineering class right now has actua

wondering if I 6m actually wup to it, to
math and | likebuilding and everythingpput t hat doesndt mean
engineer, so I 6m pretty sure | can get
thereds always that <chKlH8]ce that | coul

Leslie attributes a portion of the barrietter preparation level in high school

mathematics
Thatos the only thing I dm really worried
l' i ke all rigged where it works out perfec

rigged and you have to figure out how td géo that point so you can then work

it out. [LeslieCollege Eng

Finally, for some students, the transition to college itself is a potential barrier.
Hal eyd6s deci s-staienuniversity irthédvacmeldts degreeiisma result of
her perceied preparation level in her high school and her childhood in a rural area. Her
dream includes a degree from MIT. To her, however, the jump from her rural community
and education to MIT providea perceivedoarrier to her success. Haley hopeseado
make baby steps from her local communityan inrstate universityandthenobtain her

Masterds degree at MIT.
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|l was | ooking into MIT for my Bachel or ds

underprepared here that if | jump from here to Ivy League Batstoould be too

big of a jump and FHHSJoul dndét handl

into a colegeengineeringorogram She hopes to enter in a general major and work for
entry into biomedical engineering. This barrier hasight negative influence on her

confidence level.

|l Om pretty confident that | bezausedy
ACT score is not the highest, itos
& Sciences and when | take cl asses

different way. [DestinyH.S]

Overall, however, these participants do not shamay of the barriers to

engineering career choice demonstrated by participants in the other categories. Their
access to information, including formalogramsand professionals, has helped them

navigate past many of the typical barriers. Instdaelr primary barriers typically involve

higher education involved will be a barrier to their success, specifically in terms of

finances, transition away from home, and &ra coursework in college.

4.5.4Summary

For students in this category, expostim®ugh a formal programelps students

align activities they enjoy (building, fixing, how things work, science, math, and

creativity)with anengineeringareer In additin, access to professionals provides the
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In terms of academic preparation, actual barriers exist as some students hope to enter

engineering in college. Destiny faces an ACT score that will not allow direct acceptance

academic issues. These participants can envision a career in engineering, but fear that the
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experience necessary to align the career with desired future att(dvot&shat provides

job stablity and financial securitywork that is not physically demandingork that has
variety,work that helps otherand local olareaemploymeny, and typically reduces
perceived barriers associated with abilfprmal experiences that introduce engineering
include coursework through the PLTW curriculum offered in two of the school systems,
science courses, CTE coursasd a summezngineeringcamp experience at a local
university. Access to information varies between counties; however, as all schenisyst
do not offer formal progrant® engineering.

Access to professionals sumeadbyt s student s
alleviating fears that engineers may possess qualities or traits they do not have. This
exposure and access to professioatdsehelps some participants realize that career
options are available in ttewea The perception dimited career oppadunity is a critical
concern for many participants in this category. Participants who perceive engineering as a
career with opportunity in th@reapresent a generally positive outlook toward a future
engineeringareer Participants that do not percesegineering as providing
opportunities in thareafear the career will remove them from home and family.

Notably, hese perceptions vary among students. This variation beuld
influenced by proximity to a larger town (Cookeville, Chattanooga), @scarticipants
perceive more populated areas as providing more career opportunity. Participants within
Bledsoe and Jackson counties seemed to describe more opportunities than their peers in
Clay and Picketcounties, presumably due to their geographic prayiamd access to
larger towns. Even though all counties are rural and do not have interstate access, Clay

and Pickett counties afarther removed from interstate access
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46  Conclusion

The results presentéal this chapter inform the stydéresearch gestiors and
thus future engineering opportunitieg presenting participaréperceptions of
engineeringareersacross the three categories. Outsitise categories, participants
demonstrate commonality regarding descriptions of their community arrédiasiure.
The three categories, separated by access and intent to pursue, demonstrate differing
perceptions of engineerirmgreersParticipants irCategory 1 typically have difficulty
describinganengineeringareeras they have limited access to fofrpepgrams and
professionals. Participants @ategory 2 are able to describe perceptioranof
engineeringareerbased on their exposure through formal programs. However, these
participants generally do not describe access to professionalst @ayn the career with
desired attributes, and perceive barriers to entry into the field. Particip&ateigory 3,
however, often provide clear perceptiongapg&ngineeringareer analign the career
with desired attributes of their future profession. Tyjycdhese participants report
exposure through formal programs and access to professiGmalpter 5 provides a

synthesis of these results across theystirdssearch questions.
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Chapter 5: Discussion

This chapter synthesizes the results present€thapter 4 to address the research
guestions associated with the study.
RQ1 How do high school and college students from rural areas of the
Cumberland Plateau perceive their future career?
RQ2 How do these students perceive engineering as a career?
RQ3 What supports these students in envisioning and pursuing a future self that
includesanengineeringaree?
RQ4 What inhibits these students from envisioning and pursuing a future self
that includesnengineeringaree?
To address these research questisetgjors 1-4 providea detaileddiscussiorof
each research questiddection 5.%provides a summary across the questi@egore
turning to the research questions, however, tablergdents the results across the three
categories described in ChapteiTdble 52 then presents a brief overviewlaw
participants in each category perceived engineering, as Wk asipports and inhibitors
to the development of a future self that includes engineering. This table establishes the
basis of the chapter #se results associated with each research question better explain
how acces$o both formal programs and professiortadps students develop a
perception oiinengineeringareerin their futureand mitigate perceived barriers that

inhibit entry into theield.



Table 5.1 Results by Category

Results AcrossBy Category

- Access Intent to
Category Participants :
Formal Programs Professionals Pursue
1 16 0 1 0
8 7 3 0
15 13 11 15
Table 52 Engineering FPS Development by Catggor
Engineering FPS Development by Category
Cat_egory 1 Category 2 Category 3
Minimal
Access Access
Access ..
- Minimal Intent Intent
Minimal Intent
. . : None or : L EnjoyableActivities &
EngineeringPerception AEngi n Enjoyable Activities Desired Career Attribuse
Formal Programs and
Supports N/A Formal Programs Access to Professionals
_ Lack of . -
Inhibitors Understanding Perceived Ability Gaps Math

As thetables show,
e 39 participants are included in the study.

o0 As described in Chapter Bigh £hool andcollege stidents shared
common experiences regarding their career choice wtashlted
in categorizing these participants together.

e Participants in Category 1.:

0 Have little access to formal programs or professionals

o Are inhibited by a limited understanding of thereer

o Do notintend to pursue engineering as a future career

e Participants in Category 2:
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0 Have access to formal programs

0 Have limited access to professionals

o Align engineering with activities they enjoy

o Are inhibited by perceived gaps associated with acéckeand
ability

o Do notintend to pursue engineering as a future career

e Participants in Category 3:

0 Have access to both formal programs and professionals

o Align engineering with activities they enjoy and desired attributes
of their future career

0 Access hamitigated many of the perceived gaps associated with
the ability necessary to become an engineer

o Intend to pursue engineering as a future career

These results suggest that both formal programs and access to people with
experience, including degreed emggrs and professional trades aligned with
engineeringsupport participan€pursuit of engineering as a future career. Participants
with exposure through both formal programs and professionals are able to pronode a
concretedescription ofanengineeng careeiin their future, to align things they enjoy
with an engineering career, and to view this career as providing them with outcomes they
desire in their futureThe remainder of this chapter uses the results of the study to

address each of the reseh questions.



5.1  Perceptions of the Future

RQ1: How do high school and college students from rural areas of the Cumberland

Plateau perceive their future career?

To understand how participants from rural areas of the Cumberland Plateau
perceive theirdture career, it is important to look across participanttuding those
with andthosewithout exposure to engineering. Generally, participants with and without
exposure to engineering have similar desired attributes associated with their future
careersAs described in section 4.2, participants hope their future career will provide 1)
work that provides job stability and financial security, 2) work that is not physically
demanding, 3) work that has varigdy work that helps others, and 5) locabosa
employment. As the FPS framework suggests, these attributes directly linked to the
social, economic, and cultural traits of gtady countiess the following discussion
shows(Oyserman, 1995Within this study, the Social Constructivist gegstive was
particularly important in highlighting this link between community norms and desired
futures because this study design explicitly
experiences within their community and cultures to emerge in associatioth&ir
future plans. Previous studies, such as those by G@60& and Holmeg2012),
typically utilize frameworks that focus more on past and present experiences and
conditions rather than future desired attributes and may not have captured these
connections.

The attribute of a future career that seemost salient across participants is the
desire for financial stability, including the ability to provide for their future families. In

many cases, this desire emerges from feared
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stories of career strugglasad layoff. Previous studies show that having these feared
futures, or futures to avoid, can provide additional motivation in the development of a
future self(Oyserman, 199QbThis effect is evident for Brooke, for example, as she
describes her parentso6 career paths ,from hig
when, as they told Brooke, they saw no need to pursue higher education. The local
factory provided satisfactory income with a high school diploma. But the clothing factory
rel ocated to Mexico during Brookedfsd chi |l dhoo
employment. This scenario is common among participants acrossithyecounties
Datafor the fourstudycounties show that 19% of individuals in the study counties falll
below the poverty line, with an averalgeusehold income of only $32,008ppalachian
Regional Commission, 201B8a\nd this problem isiot unique taural areas in the
Cumberland Plateau. The ARC reports that during the period of 200® farming,
forestry, manufacturing and utilities saw large declines throughout Appalachi
(Appalachian Regional Commission, 20L3ehus, family experiences and employment
struggles in the rural counties shape how participants come to viesggabty as a
primary concern associated with a future cardéthout the focus on localizkissues
that these students face, this important finding might have been missed. These findings
reinforce the need for localizeeimpiricalresearcltalled for previouslyRaising Public
Awareness of Engineering002 Valla & Williams, 2013.

In addition to job security anfthancial stability, participantsave specific desires
related to the nature of theareer. For these participantsis includes work that is not
physically demanding angrovides variety. Historicallwaluedwork in the Appalachian

regionhas been pysical rather than technical and professiqBainnett, 2008 But data
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from this study shows th&mily members who have worked many years in
manufacturing and other careers requiring physical lnabar givethese participants a
sense that such work is often monotonous and taxing, and thuse to avoid. As a

result, many participants hope that higher education will provide them with career paths
that are not as strenuous and are more varied. Typipalffcipants reported that their
parents support higher education as a path toward warlstless physically demanding
Prior FPS research shows having futures to avardbevery beneficiain inspiringthe
pursuit of a hoped for future by providing balance and additional motiv@igserman,
1990h.

Participants also hope their future work viaé meaningfulFor participants ithe
study countiesthismeaning seems to have a strong connection with giving back and
helping others through their career, a value linked closely to their descriptions of the local
cultures. Participants often described their communities as being very supportive with a
strong sase ofsecurity.This strong connection with commun#yd familyappears
importart among otheunderrepresented groups as wedlrticularly those imtherrural
settings(Marshall, 2008 Young, 1997. Among these student$etclose reationships
and connections with helping others trangf#o desired futurefor carees thatallow
them to give back and hel@ desire thais not typically associated with other
underrepresented populatio”R®r example, both Good2007) and Holmeg2012
present the importance of intervention and merdsranderrepresented students (female,
racial minority, etc)navigate toward STEM career, but do not focus on external
influences such as communiythedesirednature of students future work. However,

previous studies utilizing the FPS framewddkprent results regarding the desired
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nature ofs t u d fitaré vgodk including components such as caring or making a
difference(Marshall et al., 201;,2Young, 1997.

Findly, the cultures within much of ruralAppalachia provide strong family and
community ties, lower crime rates, close friendships, and highly supportive communities
(Bennett, 2008 Prior research suggests that Appalachian individuals have a strong desire
to remainclose to homéecause of connechis to the area, support from family and
friends, and relatively high satisfaction with I{{@ennett, 2008 The same is true with
this group of participants. Similar to previous research regarding Appatadhaas that
by Bennet{2008), participants in theestudycountiesdescribed their communities in
very positive terms, andany participants have a large family base in the area. As a
result, many participants hope their career choice will provide them with a very local job,
while otherswill acceptemployment within thareaprovided itstill keeps them close to
home. Given th economic conditions previously describiy often realize that their
career may take them away from their rural community.

Participants seem to accept the idea that their career choice may not provide them
with local work, but they have an acceptatalege within which they are willing to
commute or relocatécceptable commuting distances seem to be approximatsbyi
for these participants. This includes career opportunities in Chattanooga for students in
Bledsoe County and Cookeville for thoselatkson, Clay, and Pickett. Some
participants in Jackson and Clay counties describedgh&ir ecaréess @ Nashville
indicating that Nashville may be within commuting distance for participants on the

western edge of the study counties
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The acceptabl radius for relocation among these participants varies, picatly
includesa 2-3 hour drive from their home. Presumably, this encompasses cities they are
familiar with, including Nashville, Knoxville, and Chattanoogased on the findings in
this study, jobs within this 23 hour radiugzan be consideremreaopportunitiesNotably,
Young (1997 found similar results in rural Australia where the suppbfamily and
friends, career location, and a reluctance to leave home had a large impact on career
choice.Young (1997 found that these rural students emstood the benefit of higher
education, but realized that associated careers were not available in their ryral area
similar to findings among these participanthis study utilizes the FPS framework and
provides evidence that students in rural part&wdtralia, similar to participants in this
study, recognize that many careers associated with higher education may require leaving
homeGi ven the i mportance of being ficlose to h
both education and industry stakéders to understand what constitutes a viable
geographic range in order to effectively target outreach and economic development
opportunities, as discussed in more detail in Chapter 6.

In considering these desired attributes, one thing worth noting ettitaction to
medical related careenacluding nursing, pharmacy, dentistry, therapy, counseling, and
veterinary careers. Eighteen participaadsnost halfindicate a medical related career as
their future career choice. Such careers match all alebeed attributes. They are
highly visible in the stugl counties offering both financial security aridcal
opportunites In addition, participants often indicate that the medical field will provide
them with varied work and the ability to help othé&tarticipants seem to have a high

level of exposure to these careers, and their families support them as careers providing
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financial security. This support may be related to the recent trend noted by(3iiZh
in which educationalservices healthcare, andocial assistancgobshave moved ahead of
manufacturingandnow account fora higher percentage of jpim thearea This shift is
significant becausendings from previous studiessiggested that career cteiis heavily
influenced by personal interest and social suppattsch might explain the
concentration of medical caredBick & Rallis, 1991 Lent et al., 200R Also, it is
noteworthy that female participanhterestedn medical careexdid outnumber the male
participants in this study. However, as previously noted, high school participants were
recruited bystakeholders within their schools and participation was volunkéoyeover,
the analysiglid not seek to make gender inferencagardingengineering or other career
choices. As a result, more research would need to be done to determine the
trustworthines of this patternThe study findings do indicate, however, thatdents
often describe access to both formal programs and professionals in the medical field.
This finding is supported by the FR@mework which shows that a future
possible sélis devdéoped through models and images presented through social
experiencegMarkus, 198%. Similarly, research showthat within rural areas,
individuallack of exposure to career optioméich limit their rangeof future
possibilities(Robinson, 2003Shepard, 2005 hepard & Quressette, 201The high
visibility of medical careers to students and parents, coupled with the limited range of
career options in thesaral communities, may provide some insight into the high number
of participants who see themselves as a medical professional in the Tinigfending

suggests one key path forward (discussed in more detail in Chaptefu@uferefforts to
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support enmpeering FPS evelopment in testudy counties, and other areas featuring

similar challenges

5.1.1Summary

Participants from rural areas of the Cumberland Plateau perceive several desired
attributes of a future career including; 1) work that providessiability and financial
security, 2) work that is not physically demanding, 3) work that has variety, 4) work that
helps others, and 5) local areaemploymentSeveral of hese attributes align with
previous research into career choice in Appalaamdawith demographic and cultural
patternsof rural Appalachia, and specificallpatterns reported hyarticipantsn the
studycountieg(Ali, 2006b; Bennett, 2008 However, the shift away from physical work
found in this study represents a deviation from past studies, thasgiaarly linked to
the local economic conditions.hi s connection, aligning the p
desired attributes of their future, are unique findings made possible by the lens of the FPS
framework. These findings show that participé@stsciocultural experiences within their
communitiesshapesimilar desired attributes of a future carderthis caseparticipant®
desired future attributesdign closelywith their experiences growing up in a rural area of
the Cumberland Plateau
¢ Job stabity and financial security are often linked to struggles associated with the
decline of manufacturing in trerea
e Mentors encourage participants to seek work that is not physically demamding
reaction to the historical focus physically demanding w&rand manufacturing

related careerhat have disappeared
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e The desire to help otheisstrongly associatewith descriptions of supportive
family and community values.
¢ Participants typically hope to remain close to fanthkeatinga desire for
opportunites within the area
¢ Medical fields seem to resonate as careers that align with these desired attributes,
likely due to their high visibilitywhichprovidesparticipants and families with
the experiences necessary to align these careers with their dasitedes of a

future career.

5.2  Perceptions of Engineering

RQ2: How do these students perceive engineering as a career?

To understand how these students perceive engineering as a career, it is important to
separate these perceptions across partitspaith exposure to engineering through
formal programs and access to professionals, and those wiaotitipants in Category
1 have little to no exposurkack of exposure to a full range of career options is common
in rural Appalachia, andhas been mviously described as limiting career choice options
(Ali & Saunders, 2009Spohn & Crowther, 1992In other rural areas, studies utilizing
the FPS framework found similar results, indicating that a lack of exposcaeder
options | imits an i ndi vi dRobinséns2003Shepare r o f
2003 Shepard & Quressette, 2Q1These limitations are evideamongparticipantsn
Category 10f theparticipants irthis category, onlpnedescribesccess to a
professionalreflecting the limited visilbity of the fieldwithin the study countieswhen

asked what an engineer is, participantthis categoryften state that they do not know,



eliminating the possibility of envisioning engineering as a future career choice. Other
participants, when askerkfer to an engineer as an auto mechanic, as described in
section 4.3.

Participants irCategory Iwho havesome social access to engineetimgpugh peers
tend to associatibe fieldwith bridges, electricity, and buildingut still lack a clear
vision. For exampleNoah, who mentions a friend in electrical engineering, enjoys
building and construction. He makes associations between this interest and engineering
and describes his mother as supportiva oéreer irelectrical engineering, as the future
career wi | | provide financial stadmelity. Even
connections to building, construction, and electridigywever Noah simply admits that
he i s not sure what andhedasino placsdolpursudmani neer s i bu
engineeing career.

Overall then, @rticipants with minimal exposure through formal programs
typically have a very limited perception of engineering as a career. These participants
may be able to link engineering to certain skills or interests such as maitdorgyuut
do not indicate any vision of a future career in engineering. Most importantly, other than
Noaho6és connection between engineering and th
participants do not typically associate engineering with the atéstthey desire in a
future career.
In contrastthose participants in Category 2 begin to develop a perceptam of

engineeringcareerin their future as their experiences with formal programs help them
align the field with activities they enjofParicipants often describe their formal program

as one that helped them to associate engineering with their enjoyment in building, fixing,
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how things work, science, math, and creativitgthe FPS frameworkuggestsfor
participants to develop a future s#iat includes engineering they must have the
experiences necessary to align the career with activities they &hjeyaccess through
formal programs fqeresents a form of intervention, and piidtSresearch has shown that
interventionscan bevery effedive in enhancing studerdtgision of their possible selves
(Oyserman, 2002006 2007). Previougesearch with underrepresented groups also
supports lassroom activities as an important support structure for STEM c#aosle,
2007, Marshall, 2008. For participantdn this studyclassroom and other formal
activities supported the development of a future that insladgineering by aligning the
career with activities they enjolowever, these participants often describe peece
gaps associated with academics and the general ability necessary to become an engineer
and do not link the field to attributes they are looking faa career, as seen in Section
4.4.3

Participantsin Category 3with exposure through formal pragns andaccess to
professionals, do associate engineering with desired attributes of their future career
particularly when they plan to become engineers in the fuline perception that an
engineering career aligns with activities participants enjayportant to begin the
exploration of a futureareerin engineeringbut it is not sufficientAs section 4.5
demonstrates, participants who envision their future in engineering also view the career
as aligning with desired attributes of their fuiuséien as a result cd relationship with
professionals who act as mentdrsaddition, these relationships typically helped to
mitigate participantsd perceived gaps associ

engineerRelying on the advice ghentorss common among students interestednn



engineeringareer as they typically rely on these socializers more than their (Bmis
& Rallis, 199)).
The finding that students in these study counties need experiences that link
carees to both activities they enjognd attributes they desire in their future career is key
to understanding how teelp more students in the area envision engineering as a possible
career, and thus expand their access to career ch@o#sDestiny and Logarfor
exampleclearlyassociate engineering with both activities they enjoy and desired
attributes of their futureareer For Destiny, a degree in biomedical engineering does
both by aligning her interest in how things work with her desire to help athtére
future:
| just like, just howl love actually looking at how things workandfiguring out
how they gotogether | 6 m just real |l y,lwantttoedo est ed
something in healthcare too. So, I just thought it was a good fit. Atlfkistg of

wanted to be a dentist. | wanted to go for that, and then | kind of figured out that

| &m not reall yébeing in somebodyds mouth

d o t h bwanrdesl tb do something where | could actually help but in a
different part of it. [DestinyH.S]
For Logan, his perception of engineering aligns with his interest in building and
designing that he developed making cabinets with his grandfather
My grandpa would tell md,liked to build cabinets with him, and he said
there 6s not muedhawmoemelye di dndt graduat e
di dndét need.lneedtbgotodalaegeand nhakeahte easier money

instead of slaving [LoganCollege Eng
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Logandos grandfather hel ped ndineenngper cei ve h
would align with his interest in building and designing, but provide him a more

financially rewarding and less physically demanding career in his future.

5.2.1Summary

The synthesis of findings presented in Research Question 1 show thapaatsici
across all categories demonstrate similar desired attributes of a future career based on
their experiences growing up in rural areas of the Cumberland Plateau. These participants
differ, howeverjn their perception of engineeriag a result ofheir previousexposure
to engineering through formal engineering programs and professionals. Without exposure
to engineering through formal programs and professionals:

¢ Participants often cannot describe their perceptiaanehgineeringcareer

0 Someperceie anengineeringareeras an automotive mecharac
other such technical career
o0 Some describe a perception limitecbtte specific topic such as
Abridges, 0 Aelectricity, o or dAbuildi
e The only attribute typically associated wehgineerings financid security.
With exposure to engineering through formal programs

e Participants are able to provide a perception of engineering as a career choice

in their future.

e Participants link this perception to activities they enjoy.

e Participants typically demonsteaperceived gaps between their ability level

and that necessary to become an engineer.

With exposure to engineering through formal programs access to professionals:
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e Participants are able to align a future career in engineering with the desired
attribues of a future career.
e These relationships often mitigate perceived gaps in the ability necessary to

become an engineer.

5.3  Supports

RQ3: What supports these students in envisioning and pursuing a future self that

includes anengineeringcaree?

Drawing on the findings from the first two research questions, this section
describes supports that help students envision their future self as an engineer. To frame
supports to engineering career ch@aoeong these participanisis important to reflect
on hawv participants view their future career. Recall that participarttserstudyarea
regardles®f career choice, display similar desired attributes in their future. The FPS
framework indicates that possible selves are made salient througfcatioial and
historical context and developed through social experie(ideskus, 1985 Not
surprisingly, thenparticpant®desired future attributes align with their description of
community and previous career related experieri®aswhile all participants in this
study share similar experiences with culttaad community, thereby developing similar
desired future #éibutes, the same is not true for engineering related experiences. These
participants provide evidence that gw@portsecessary to develop a perceptioiof
engineeringareerin the future includdothaccess to formal engineering programs and

accesgo professionals.
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5.3.1 Access to Formal Programs

Access to formal engineering programs through a course in schaol or a
engineeringcamp experience provided students with experiences that support their ability
to envision a future in the engineerinddiePrevious studies utilizing the FPS framework
with underrepresented groups found shathinterventions influence participants
perceptions of their future career and life pgao, 2000 Oyserman, 1992002
Oyserman, 2004kDyserman, 2002007 Oyserman et al., 2002The same is true
among participants within this studyable 5.1shows that as participation in formal
programs increases, so does the number of students planning to pursue engineering
careersn the future With limited access to engineering careers withim studyarea this
access to formal programs emerged asraillant support to engineering career choice;
only one participant who did not participate in a formal program plans to pamsue
engineeringcareey and this participant has strong access to the field through a close
family member. Formal engineering expos has been shown to affect career choice in
previous studies as well, with both teachers and classroom activities playing important
roles(Goode, 2007Marshall, 2008

The findingsfrom this studycomplement previous work by demonstrating how
effectiveformal exposure links engineering to activities the participants enjoy. Young
(1997, referred to these activities as personal interests and also found that students in
rural Australia were more likely to pursaaengineeringareerif they made these
associations. Activities participaritsthe presenttsidy enjoy and associate with
engineering include building, fixing, how things work, science, math, and creativity.

Among this group of participants, formal programs typically provided participants with
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the experiences necessary to associate engineering with these activities, haiping the
develop a perception a@hengineeringareerin their future.

While previous research does not typicadlgntify attributes associated with
engineering as this work does, it does point to formal academic programs as important in
studentépursuit of @gineering careers. These academic programs are often in the math
and science fieglshowing that students success in these courses can be an indication of
future engineering or STEM related carg@ik & Rallis, 199). Studies also siw that
without early intervention, students lose interest in math and s¢ighih, in turn,
limits entry in to STEM fieldgFaud, 1995Gooden et al., 201®anesian et al., 2004
Valle & Steen, 198pP Thequalitativemethods used in this studilowedstudents to
expressn more detaihow suchcoursework influenced engineering career choice. This
detall, in turnyresulted in more specific findings related to the activities studetitese
study counties mayenjpy at her t han si raglsy 0f 0o qusnand @amdi s
courseslt also helps explaihow these activities relate to engineeroageer choicand
howthe formal programs linked thevo together.The findings indicatemoreoverthat
these links were mad®t onlyby a formal PLTW corse, but also through existing
coursewok in the school such as physesd CTE coursess well aut of school

through & engineeringamp experience at a local university.

5.3.2 Access to Professionals

In most cases, however, formal exposure alonedom ot account for pa
ability to envision a future ianengineeringareer As Markus(1986) explains, social
experiences are important in the developmeiposkible selves. While formal programs

provide social experiences and interaction with teachers, access to professionals provides
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additional support in the developmentasfengineeringareeras a future possibility.
Work that has been done regarding tmewl choice within rural Appalachia also shows
that supporting role models are key variables that students need to value and envision
future careers not often found within rural Appaladiik, 20063 2006¢ Bennett, 2008
Chenoweth, 2004 Role models provestbe a support that helps students envision a
future career in engineering in tlaseaas well.Table 5.1 also shows this relationship
Participants in Category 3, those who intend to pursue an engineering related field,
demonstrate a higher connectiorttwprofessionals than participants in the other
categoriesimportantly, this study makes it clear that these professionals need not be
engineers; they can be participants who work with engineers or whose work in trade
professions links them to engineeringrk.

One of the ways access to professionals s

engineering self is explained by Haleyods des
|l think it helped me a l|littlelknewt O6cause
thattwasndét as terrifying as Il ktnlreowghtati ti tw

going to be as strenuous, it was going to be miom®an a lot of those people,
they werenét straight A students or anyth
they did. So that gave meonfidence, so | knew | could do it. [Hale}S]
Hal ey6s access came through an unpaid intern
after her exposure through a course in high school. Upon meeting the engineers, she
realized that the career is one she sacceed in. Valle and Willianf2012 support the
idea that withousuchexposure, students underestimate their abilities and develop

misconceptions about the type of people who achieve STEM careers. This sense of
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confidence resonated with findings from Marsl{a008 as she fond classroom
activities important, but access to mentors was critical in developing science related
possible selves:or Haley, and many other students, this access to professionals was a
critical factor inmitigating misconceptioabout thetype of persn who achieves an
engineering career. Participants without access to a professional often described a barrier
associated with a perceived gap between their ability and that necessary to become an
engineerln strong association with these studénteseknit connecdions within their
community, elose connection with a professional seems to be critical for students as
theybegin toconsiderengineering as a future career choitleis connection appears to
mitigatethe perceived gaps associated with thétglriecessary to become an engineer.
Similar to the way soctgultural experiences within these communities supported
participantédevelopment of attributes they hope for in a future career, access to
professionals provided participants with the elgreses necessary to make associations
between engineeringareersand these desired future attribut€gpically, participants
relate engineeringareerswith financialsecurity;however, aslemographic data
presented in sectidh3shows access to engieeing careers may be limited within the
study counties. Participants with access to professiamalsgineering and related fields
often began to understand teailability of engineering opportunities, and loegp
associate other attributggrticulaty A h el pi ngo wi th the engineeri:
As noted above, kle the professionals are often degreed engineers, professionals
in trades aligned with engineering can also support the development of engineering as a
future careermossibility. This is an impdant finding within thisareaas access to

engineers can be limited. Steven and Eli discuss their fathers, an electrician and
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machinist, as instrumental in their decision to pursue engineering as a career choic

Similar to findingson first generation feale studentby Trenor(2008, whether the

support came from an engineer or a mentith experienceelated tahe engineering

field, i1t i1s c¢clear that access to profession
themselves as an engineérenor(2008 described these mentors as providing the social
capital necessary t o aderhgdegreeind grefessiod.s pur sui t
Similarly, for these participast these relationships seem to provide the social capital

necessary for the development of engineering as a future possible self.

5.3.3Summary

Findings from this study show that accesbdthformal programs and
professionals support the ability to &ign a future self that includes engineering.
Participants with access to formal programs and professionals demonstrate a set of socio
cultural experiences that support their ability to envision themselves as an engineer in
their future. The following lisfurther explains these supports:
¢ Formal programs mentioned as supporting engineering include a PLTW course, a
physics course, CTE courses, anceagineeringamp experience at a local
university.
e Formal programs help students align activities they emwjtlyan engineering
career.
0 These activities include building, fixing, how things work, science, math,
and creativity
e Access to professionals helps students align an engineering career with their

desired attributes of a future career.



0 These attributesicludework that provides job stability and financial
security, work that is not physically demanding, work that has variety,
work that helps others, and localayeaemployment

e Access to professionals also helps participants navigate beyond miscoreeption

about the type of person who becomes an engingggating perceived ability

gaps.

5.4 Barriers

RQ4: What inhibits these students from envisioning and pursuing a future self that

includesan engineeringcaree?

As explained in the previous sectistidents phnning to pursue a future career
in engineering describe support in two areas: 1) expostoregh formal programsnd
2) access to professionals. In contrast, as @aBlshows, participant® Category 1
without access to formal engineeringgrams and professionaie lesdikely to
envisionanengineeringcareeiin their future.This lack of exposure limits these
participantengineering FPS as they simply doh h a v e percegtionrofc r et e
engineering as a carediis finding supportgrior researchshowing that a common
barrier to career choice mrral Appalachia is a lack of role models with pgstcondary
education and professional care@b & Saunders, 2009Spohn & Crowther, 1992

Similarly, previous FPS research in rural areas shows that pervasive lack of exposure to

multiple career options | i mi(@®ainsom2803vi dual so

Shepard, 2003 hepard & Quressette, 20Moung, 1997.
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However, wo other barries emergedhatalso align with prior research: 1) the
perception that participants may lack the ability necessary for success in engineering
school,which islinked to Social Cognitive Career Theory, andi) perceptiorthat
engineering may not provideocal career opportunifyvhich is linked to previous work
around career choice in rural communitigkarshall et al., 20L3,1Young, 1997. While
additional barriers dexist among these participangsich aginancial considerationfor
college, these barriers are not specific to engineering career choice and are not addressed
as part of this study. The section below discusses each of these lraasgssciation
with access to formal programs, access to professionals, and the perceived ability

necessary to become an engineer

5.4.1 Access to Formal Engineering Programs

ResearclQuestion 3 descrilsexposure to engineering through formal programs
as a primary support tengineering career choice among these participants. Participants
in Category 1 do naiescribe suchccess. During the interview, these participants
strugglal to articulatea perception of an engineering career. Previous research on
engineering and STEMaceer choice supports this barriéemonstrating that without
early intervention, students begin to lose inteirestath and science related subjects
(Faud, 1995Gooden et al., 201®Manesian et al., 200¥alla & Williams, 2013. This
intervention becmes a higher priority among underrepresented groups as, similar to this
area students often lack a full range of career exposure in their local comrteligity
Ali & Saunders, 200Bennett, 2008Chenoweth, 2004500de, 2007Young, 1997.

For these patrticipants, lack of access to formal programs leaves participants

without the experiences necessargéscribeanengineeringareetror link engineering



with activities they enjoy. As previously describdtkese experiences are critical in the

development oFPS(Markus & Nurius, 198p Without these experiences, participants

typically articulateno perception of engeering as a future career, misconcegiabout

the careeroronly abstract descriptions of engineering activitMakayla demonstrates

that her lack of exposure limits engineering as a career choice in the future:
| &m just real |l y tiogén olr aknnto wv hwehna ti tb acsointeasl | vy
bridge engineer does, but, like, dondét even know a | ot of t
with engineering [MakaylaH.S]

While Makayla is able to articulate her lack of understandiragynparticipants

demonstrate miscaeptions regarding engineeringreerssuch agssociatinggengineers

with auto mechanics. Emily demonstrated this misconception as she described

engineerli ntghi MK i kfe engines and stuff | ike th
As Makayla and Emyl demonstrate, access to formal engineering programs is

critical among these participantshere ofthe 16participantan Category without

access to a formal prograonly 2 had any potential interestallin the field.Even these

participants who deonstrated some interest were unabledocretelyarticulatea

perception ohnengineeringareerin their future Without these experiences,

participants did not have the background necessary to develop a perception of

engineeringn their future, elimimting the possibility of an informed decision related to

engineering as a career choice

5.4.2 Access to Professionals

As demonstrated by Research Question 3, access to professionals supports the

development of a future self that inclugesengineeringcareer. As shown, this support
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aligns with previous research and the FPS frameWalrk2006g 2006¢ Bennett, 2008
Chenoweth, 2004Varkus & Nurius, 198F Limitedengineeringopportunities within

these ruratommunitiescancreate a barrier for studerds they laclaccesso

professionals working in engineering caredilsis barrier is most evident among
participants with exposure through a formal progmesented in Category Zhese
participants begin toekcribe their perception of engineeribgtwithout access to
engineering professionals typically do not associate engineering with desired attributes of
their futurecareer Often, these participants describe their intent to pursue alternate
careers, cihg the professionals they know in that car@ekey driversin addition,
participants without access to professionals typically describe more barriers to entry into
the engineering field than their peers with access to both formal programs and
professimals. Barriers commonly identified include a perceived lack of alilitya fear

that career opportunities are not available.

5.4.3 Ability

Participants without access to professionals often describe misconceptions
regarding the abiliesnecessary tbecome an engineer. Valle and Willia(2912
present a similar finding describing that, without intervention, students hold
misconceptions about the type of person that may become an engineer. Participants tend
to describe engineers as pompetensyiimmg a gener a
mathematics that is beyond their capability. This is true for Aslfideyexampleas she
described the work engineers do as being difficult every day. She provides the following

guote when discussing this ability that she does not possess:
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Li ke building a building, I mean that, th

something. [AshleyH.S]

Li ke many participants, Ashleyds description
perception thadnengineeringcareelis beyond her capaliies. Brooke describes this as
Askill:o

| thought it was very interesting and it talkeebt of skill to be an engineeyskill

t hat I donot thi nk | have, but | -t hi nk, I

College NorENg
Both Ashley and Brooke desbe how their formal program helped them develop an
appreciation for the field, but neither stud
both participants plan to become professionals in the medical field, they perceive
engineers as possessinglitibs or skills beyond their capability.

While access to professionals typically eradicates the barriers associated with this
gener al Aability, o0 the perception that engin
and that engi ne ertmstisoftea seenaamdng participants, rdgardiessi e
of exposure levels, and is even described by college engineering students. Lauren and
Lydia both have exposure through a formal program and access to professionals. Neither
student plans to become an eragr andboth cite math as a deterrent to a future career
in engineering. Lauren describes her disability with math as a barrier to computer
engineering

Well, when | started, when | got accepted to [University], | was a computer

engineering major. Buthave adisability for math and youkindot an 6t be an

engineer without math |l 6m good at science, 1itds ju
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Looking across previous research, a comth@me regardingngineering
success is competency in madéimd sciacerelated subjectdVhile thiscompetencynay
provide an indicatoof success iengineeringorogramsthis relationship may also
reinforceperceived ability gaps. Other studies show that teachers often do not have the
knowledge necessary to inform thsiudents about engineeri(igoss, 20121 f t eacher s 6
knowledge of engineering is limited to the research showing that high marks in math and
science are critical indicators for engineering succeashers may, unknowingly,
reinforce these perceivedility gapsand herefore track only high matlr science
achieving students toward engineerimgis finding alsopoints to one of themitations
of the studynoted earlieras stakeholders within the school typically recruited seemingly
high achieving math and sciensteidents for this research.

Supporting the possibility that teacharsd mentors maseinforce the link
between math/science ability and engineering, and thus unintentionally limit engineering
career choicds the finding that almost half of the partiaifts interviewed are interested
in medical field. While these fiéds alsoincludeanacademicallyintensefocuson math
and science subjectsarticipants did not descriltke same academic barriers to these
fields. That is, in contrast to engineeringrii@pant did not typicallynention concern
about science or math abilities as limiting their pursuit of a medical career. Notably,
medicalfields are more visible in the study countesich maymitigate negative
perceptiondecause both teachersanddlseint s know fAordinaryo peopl
succeeded in these careétgyher visibility of medical careers in the area also increases

studentsod social capital as they know indivi
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Trenor(2008, social capital can provide initial exposure to a career, support navigation
through higher education, and prd® career opportunities in the futuhe.addition,
many participants described formal progrdimked to medical careers within the

schoolswhich may also mitigate perceived barriers into entry

5.4.4AreaCareer Opportunities

In addition to a perceiwklack of ability, the perception that an engineering career
will require relocation is a common fear among participants irati@a Throughoutrural
Appalachia, individuals hold a strong desire to remain in their local Begmett, 2008
This is also true among participants from rural aréaseoCumberland Plateau. Specific
to engineering, little work focused on this phenomenon, but Y {L@®j7) found location
to be a similar barrier in rurareas of Australia, where many were not willing to relocate
for a career.

The perception that an engineering career may force relocation outsatedhe
can inhibit engineering as a future career choice among these participants. The perception
of engine@ng opportunities within thareavaries among participants, but access to
professionals seems to provide exposur@vailablecareers in the area, thereby reducing
this barrier among these participarfier exampleE| i 6 s exposure through
electrician with the Tennessee Valley Authority, has provided exposure to a range of
career options for electrical engineers within commuting distance of his home.

As shown in Chapter 2, opportunities do exist within commuting distance for
those who hopt remain in the area; students hoping to remain close to home have
access to numerous opportunities, assthdy countiesrewithin proximity of the

metropolitan communitieand opportunities that exist in and around Nashville,
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Knoxville, and Chattanaga. However, these opportunities are not always visible or
known. Access to professionals from #reacan be an important intervention as they
help students align engineering with desired attribotdiseir futurecareey particularly

helping studentse® opportunities that exist with an engineering career

5.4.5Summary

Barriers identified in this study that are related to engineering career choice include a
lack of access to formal engineering programs and professionals, misconception of the
abilitiesnecessary to be an engineer, and a perception of liariéadareer opportunity.

The following list further explains these barriers.

e Without exposure through formal programs, participants typically lack the
experiences necessary to associate engineeiih@utivities they enjoy, thereby
limiting their perception of engineering as a future career.

e Without exposure through professionals, participants typically lack the
experiences necessary to associate engineering with their desired attributes of a
futurecareer, thereby limiting their perception of engineering as a future career.

e Regardless of exposure levels, participants typically associate high levels of
competency in math with a career i n engin
entry into the enginemg field.

e Participants often associate engineering
not possess providing a barrier to entry into the field. Exposure to professionals
seems to reduce this barrier.

e Participants often perceive engineering asraerahat would require relocation

outside of the community which many participants are unwilling to do,
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providing a barrier to entry into the field. Exposure to professionals seems to

reduce this barrier.

5.5 Conclusion
This research shows that studeimt rura) non-interstate noncoalcounties along
T e n n e Lunmberlénd Plateau are often not exposed to engineering outside of school.
However, these participardsociccultural experiences provide them with attributes they
desire in a future careaiithout formal programs and access to professionals,
participants lack the experiences necessalipkcengineering to these attributes
Exposure through formal programs provides the experiences necessary for participants to
align engineering with activés they enjoyincluding building, fixing, how things work,
science, math, and creativity. This alignment seems to spark the start of a vision of
engineering as a future career choice. This vision is further supported through access to
professionalsvho provide the social experiences necessary for participants to view an
engineering career as providing attributes participants desire in a future career.
In addition to providing the experiences necessary to develop a perception of
engineering as a futureregr, exposure through access to professionals is often critical to
eliminating perceived barriers. Barriers inclumdiefst hat engi neer s possess
beyond participanfeeach and that opportunities are not available withim trea
Connectioswi t h professionals help paeti mi pant agvi
perception that they may not possess the ability to become an engineer. In addition,
connectios helped participants to understand that career opportunities do exist within the
greaterarea and that an engineering career may not remove them from their home and

family if they desire to remaidlose However, me barrier that access to professionals
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did not eliminate is associated with math. Participants often fear their mighnski
prevent entry into the engineering field in the future, a perception that exists across all
categorieseven amonghe college engineering students.

Supports to the development of engineering as a future career include exposure
through formal prgrams and access to professionals. This exposure provides the
experiences necessary for participants to develop a perception of engineering in their
future and the ability to make an informed choice regarding entry into the engineering
field. As shown thraghout this chapter, exposure to formal programs matters, but
aligning this exposure with access to peg@ems to matter most in the development of
a future engineer.

Findings shovithat access t@nd relationshipwith, professionals is a key to
helpng these students fully develop a perceptioarcéngineeringcareerin their future
This findingis alsokey to future intervention aimed at these study counties. This finding
supports the need to study engineering career choloeahzed region$o understand
how geography and cultisanpacts t u d &cesssodengineering and their perceptions
of the field. While formal programs are important, professionals help students mitigate
barriers, and these connections solidify accurate perceptionsinéerigg futures. This
finding informed the titlgphrasefiPegle not Print) to reinforce the finding thdor

students in these study counties, personal connections are the key.
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Chapter 6: Implications and Future Work

Thediscussiompresented in Chder 5 showthat, across counties, participants
display similar characteristics related to future career chwite clear patterns in terms
of engineeringareersWithout access and exposurddamal programs and
professionalsstudents in thareagenerally do not have eoncreteperception of
engineering as a career. Thapis likely relatednot onlyto limited exposure through
formal programsbut also tdimited access to professionatsthe field as few
engineering careers exist within theaeat countiesParticipants with exposuitiirough
formal programgypically align activities they enjoy with a career in engineentigile
this can spark the start of engineering career exploratioy participants with access to
professionalslso conistentlyalign an engineering career with attributes they desire in a
future careerParticipants with exposure through formal programs and access to
professionals are bettable to describe engineering in their future. However, barriers to
engineering aaer choice do exist in tretudy areaincluding the perceived academic
abilities necessary to be an engineer and a perceived lack of career oppoldseitp
home Among participants, those widxposure throughothformal programs and access
to professionalprovide the clearest description of engineering as a future career and
describe the fewest barriers specific to engineering.

Section 6.Jpresents a visuahodelof thesepatternsIdeally, this model could be
used to increase access to engingaas a viable career choigethestudy aredy
providing stakeholders with the information necessary to develop appropriate

intervention for student#és a resultthis chapter also provides suggestiongtese
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stakeholderghat may provide studenigth the ability to make an informed choice
regarding engineering as a career futdre work aimed afturther exploring engineering

career choice inural Appalachia.

6.1 Engineering Future Possible Self Development Model

Based on the results of tredy, Figure 6.1 presents a model to describe how
students in rural areas of the Cumberland Plateau develop the ability to envision their
future self as an engineer. This study shows that, in general, studentsanedbiten
lack exposure to engineeringhich creates multiple barriers. Students who intend
pursue engineeringn contrastpften describe formal experierscand access to
professionalshat helpthem gain entry into the field. The model visually represeots

the barriers and the supp®provided by formal exposure and access to professionals
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Figure 6.1 Engineering Future Possible Self Development Model
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