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ABSTRACT

Undergraduate students in engineering face many important decisions in the last two years of
their degree program that impact long-term career choices, such as specialization area, career
role of interest, and whether to apply to graduate school. Unfortunately, uninformed decisions
can lead to missed opportunities as well as potentially the student leaving STEM due to choosing
a specialization that is not well-aligned with their interests. This survey-based study assists
students by analyzing the personality types, demographics, and career paths of 567 alumni that
have earned an undergraduate degree in Civil and Environmental Engineering and are no longer
enrolled in a university. Study findings include that certain demographics, personality types, and
job preferences are significant predictors of the final outcome of an alumni's career when
choosing between the different technical areas within Civil and Environmental Engineering and
professional roles. Family history of having an engineer in the immediate family did not prove
to be a significant factor in these decisions. Also, little significance was found between the data
captured in the survey with whether or not someone would go on to earn a graduate degree in
CEE. Given where significant relationships were found, it is recommended that future studies
focus on testing additional personality types (e.g. is enthusiastic) and job traits (e.g. likes a desk
job) in order to provide even greater distinctions between the technical areas and roles.
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INTRODUCTION

To remain internationally competitive and account for evolving workforce needs, there has been
a focus to promote STEM (science, technology, engineering, and mathematics) education and
make it more accessible in the United States, even at an early age (/). Student recruitment for
these fields has been of upmost focus in the education system as the Bureau of Labor Statistics
found a 10.5% growth in the number of STEM occupations from 2009-2015 compared to 5.2%
growth of non-STEM occupations (2). Professionals in STEM fields are also expected to be
highly competitive for non-STEM openings due to their critical-thinking, analysis, and problem-
solving skills with recent findings showing a "... deeper understanding of STEM is tied to a more
productive overall workforce — not just STEM industries" (3).

In order to evaluate the success of STEM education outreach, current literature has
predominately evaluated factors that affect recruitment (e.g. 4), persistence (e.g. 5), and attrition
(e.g. 6). These studies analyze not only the rates, but also how equitable the rates are among
different groups, for example as with respect to gender, race, or income. While these findings
help realign future investment strategies from a government standpoint, these findings are not as
useful from a student's perspective. That is, these results become diagnostic tests, informing
students how more or less likely they are to succeed in STEM given characteristics about
themselves. To minimize attrition rates, students arguably would benefit more from a
prescriptive study. That is, given a student's history and characteristics, where in engineering
would they be predicted to have a career best aligned with their interests? In which STEM field
do alumni in the workforce most similar to them end up?

A prescriptive study benefits students in several ways. First, it could help students
dealing with career indecisiveness. As stated in Cantrell and Ewing-Taylor (7), "when
adolescents explore their own traits along with the characteristics of career options they are
considering, they tend to avoid problems later on such as career indecision or prematurely
making a poorly founded career decision." This indecisiveness can be especially costly if it
occurs later on in a college student's degree program (e.g. the last two years) when they face
questions about which area to specialize in within the major and whether or not to pursue a
graduate degree before entering the workforce. Second, this type of study would recommend an
alternative STEM field for students to try before changing to a non-STEM major, therefore
potentially reducing the attrition rate. Third, a study based on alumni that have worked several
years in the field could help indicate which area a student may have a long-term career with a
reduced chance of burnout. For example, previous studies in the medical field have found that
"although the causes of burnout are multifactorial, individual characteristics play an important
role" (8).

The purpose of this study is to provide current undergraduate students specifically in
Civil and Environmental Engineering (CEE) with decision support during their undergraduate
careers. CEE degree programs typically encourage students to specialize through required
technical electives in their junior and senior years. These specialization decisions for CEE
majors are complex as it is known to be a very diverse field, training students in anything from
designing concrete with a specific strength to forecasting multimodal demand in ten years.
Therefore, this study analyzes career paths of CEE alumni to provide guidance to current
students in the final years of pursuing their undergraduate degrees in the field. This study was
motivated by evident indecisiveness of students enrolled in 3000- and 4000-level courses taught
by the authors.
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METHODOLOGY

Using the online survey software Qualtricse, CEE alumni were questioned on their
demographics, family and educational background, and personality traits. The survey
solicitation was distributed via email to Virginia Tech's CEE alumni as well as posted to the
group's social media page. The alumni were allowed to forward the survey link to other
professionals in their network that also met the study's two inclusion criteria: 1) must have
earned an undergraduate CEE degree, 2) cannot currently be enrolled at a university. The second
criterion prevents current CEE graduate students from participating as the goal of this study was
to analyze the professional careers and permanent placement of those with an undergraduate
degree in CEE. In addition, the authors reached out to contacts at private companies to
specifically ask that the survey be sent to all graduates with Civil Engineering degrees, not just
from Virginia Tech.

Table 1 lists the information collected from each respondent. The survey first asked
alumni questions that current undergraduate CEE students could answer about themselves.
These predictor variables included demographic information, personality type tested through
likert scale questions, and a description of the circumstances at the beginning of their
undergraduate degree program. For example, at what age did the alumni begin their
undergraduate CEE degree and even was either their mother, father, or any immediate family
member working in the engineering field at the time of their admittance to the CEE degree
program. Alumni were then asked about their current careers to provide the dependent variables,
such as the technical area in CEE they currently work in, what job role they have, and whether
they completed a graduate-level CEE degree after completing their undergraduate studies.
Alumni were also asked questions about their preferred career in order to indicate if their current
career matches their interests.

TABLE 1 Information captured in survey

Category Variable

Ethnicity

Gender (Female=0, Male=1)
Father engineer (No=0, Yes=1)
Mother engineer (No=0, Yes=1)
Engineer in family (No=0, Yes=1)
Country of citizenship

In/out state status

Year

Age

I like to take risks

I prefer to work alone over working in groups
I prefer a desk job over working out in the field
I tend to procrastinate

I work well under pressure

I am enthusiastic

I am a critical thinker

I am dependable

I am anxious

I am open to new experiences

I am reserved, quiet

I am sympathetic, warm

I am disorganized

Demographics

Status at start of
undergraduate CEE degree

Personality statements
using the likert scale

(0= Disagree, 1= Neutral,
2= Agree)
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I am calm
Earned CEE degree Undergraduate CEE degree university
information Highest CEE degree obtained

Current technical area (e.g. structures, geotechnical, etc.). Select up to 2.
Current role (e.g. managing, practice/design, etc.). Select up to 2.
Preferred technical area (e.g. structures, geotechnical, etc.). Select up to 2.
Preferred career Preferred role (e.g. managing, practice/design, etc.). Select up to 2.

I believe my current job fits my interests. Uses likert scale.

Current career

DATA

The survey was fully completed by a total of 567 Civil Engineering alumni. The majority of
responses were received from Virginia Tech alumni (52.2%) due to the alumni association
solicitation channel. Responses from other universities were possible by Virginia Tech alumni
forwarding the online survey link to their professional network that met the survey criteria. The
second most common university was Texas A&M with 3.6% of respondents.

Of the respondents, 68.4% were male. The ethnical affiliations of respondents were
87.8% white, 5.6% hispanic, 4.2% asian, and 1.4% black/African American. This means that the
study oversampled females and whites, which in 2015 were 24.2% and 66.8% of bachelor's
degrees in CEE, respectively (9). At the start of their undergraduate CEE degree, 97.5% of
respondents were U.S. citizens, 91.7% were between the ages of 17-19 years old, 68.8% were
considered in-state at the university they attended. The majority of respondents were somewhat
new in their careers, where 69.5% began their undergraduate degree in CEE in 2000 or later.
The highest degree earned in CEE for respondents was 80.4%, 0.2%, 17.5%, and 1.9% for B.S.,
M.E. (Master’s in Engineering with a CEE focus), M.S., and PhD, respectively.

Figure 1 presents the distribution of the careers reported by the alumni. The technical
areas were based on the divisions of the American Society of Civil Engineering (/0). Alumni
that responded "other" cited careers in for example information technology, tax accounting, legal
services, finance, and facility management. Participants were allowed to select up to two
technical areas, where 19% of respondents selected two (i.e. "multiple"). It is important to note
that 93.8% of responses agreed that their current job fits their interests and 4.6% were neutral.

Utility Engineering
and Surveying
1%
Geotechnical
2%
Environmental
3%
Coasts, Oceans,
Ports &
Rivers/Stormwater,
Wastewater,

Hydraulics &
Hydrology
4%
Other
5%
Construction
6%
Structures

7%

FIGURE 1 Current technical areas of study participants
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Figure 2 outlines the role each of the respondents fill at their current position. Half of
respondents were in the practice/design side of CEE followed by 29% who selected two roles.
Most teaching responses were coupled with another role, therefore putting the samples in the
multiple category. Also, these roles were not evenly distributed by the different technical areas
as earning a CEE degree opens up different opportunities in each area. For example, 74% of
respondents in construction cited having a managing-only role, but management was only 13%
of all 567 responses. Similarly, geotechnical, land development, structures, and transportation
had increased responses of practice/design.

Teaching
0%

Research
1%

Analytics
3%

Other
4%

FIGURE 2 Current roles of study participants

RESULTS

Table 2 shows the Spearman correlations between 18 of the variables collected in the survey,
also indicating which relationships are at least 95% significant. Spearman correlations were used
as many of the variables are likert scale responses (i.e. are ordinal) and this method should be
used when comparing variables that have "violations of normality, a non-linear relationship or
when ordinal variables are being used" (/7). The highest correlation is between having a father
in engineering and having any immediate family member in engineering when starting one's
CEE undergraduate degree. This means that the majority of the time, when there was an
engineer in the family, it was the respondent's father. While most of the remaining variables are
not as highly correlated, those that are follow logical trends. For example, someone who is
reserved and quiet is more likely to want to work alone while those who claim to be enthusiastic
are more likely to prefer to work in a group setting. Likewise, respondents who agreed to being
calm were less likely to agree to being anxious. Also, those who work well under pressure are
more likely to agree to procrastination tendencies than those who do not work well under
pressure.
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TABLE 2 Correlations between respondent characteristics

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1. Gender 1
2. Father engineer -0.06 1
3. Mother engineer -0.07 0.22* 1
4. Engineer in family -0.08 0.82* 0.31* 1
5. Likes to take risks 0.08 -0.02 -0.00 -0.02 1
6. Likes to work alone 0.09 0.06 -0.11* 0.03 -0.12* 1
7. Likes desk job -0.06 0.02 -0.04 0.03 -0.18* -0.06 1
8. Tends to procrastinate 0.07 0.09 0.04 0.09*% -0.03 0.02 -0.00 1
9. Works well under pressure 0.07 0.01 0.05 0.02 0.18* -0.06 0.02 0.15* 1
10. Enthusiastic -0.18* 0.01 0.06 0.04 0.14* -0.21* 0.06 -0.00 0.07 1
11. Is a critical thinker 0.02 0.03 -0.11* 0.02 0.09 -0.01 0.02 -0.05 0.09 0.06 1
12. Is dependable -0.07 -0.01 -0.12* 0.00 0.04 -0.02 0.08 -0.01 0.07 0.10* -0.02 1
13. Is anxious -0.17* 0.10* 0.07 0.11* -0.12* 0.05 0.08 0.07 -0.10* -0.01 -0.14* 0.02 1
14. Open to new experiences -0.02 -0.10* -0.01 -0.14* 0.21* -0.18* -0.15* -0.06 0.04 0.13* 0.11* 0.03 -0.11* 1
15. Is reserved/quiet 0.12* 0.04 -0.08 0.01 -0.29* 0.31* 0.07 -0.02 -0.02 -0.28* 0.03 -0.03 0.14* -0.13* 1
16. Is sympathetic/calm -0.15* 0.08 0.02 0.13* -0.05 -0.10* -0.00 -0.01 -0.02 0.27* 0.04 0.05 0.16* 0.10* 0.01 1
17. Is disorganized 0.06 0.08 0.03 0.12* 0.03 0.03 0.04 0.39* 0.00 0.01 -0.05 0.06 0.11* -0.01 -0.04 0.01 1
18. Is calm 0.19* -0.03 -0.03 -0.05 0.03 0.02 -0.07 -0.08 0.05 -0.01 0.08 -0.03 -0.38* 0.11* 0.18* 0.08 -0.16* 1

*P-value < 0.05
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The survey responses were then tested for significance and odds ratios were defined
between different cross-cuts of the data, comparing two variables at a time. For each
comparison, the first variable was something that a current CEE student would know about
themselves (e.g. gender, if their father or mother is an engineer, personality trait). The second
variable would be something they would like to find out (e.g. technical area of interest, role of
interest). Tests for significance were run multiple times to check the relationship between two
variables. For example, Pearson chi-squared tests were used to indicate if the current technical
area of alumni was significantly different by gender. The first test compared structures alumni to
non-structures alumni by gender. The second test compared transportation alumni to non-
transportation alumni by gender. The other technical areas were compared with gender using an
identical set up. This goodness of fit test "measures how well the observed distribution of data
fits with the distribution that is expected if the variables are independent" (/2). Groups that
significantly reject the independence assumption (i.e. there is no relationship between the two
variables) with 95% confidence are further analyzed using odds ratios.

It is important to note that these comparison tests require at least 5 samples in each cell of
the chi-square matrix (/2), which some of the smaller groups did not meet at all times. The
technical field of utility engineering and surveying only had 4 respondents, so all of its
subgroups with gender had less than 5 samples. Therefore, technical areas and roles with less
than 5% of the samples were not compared for significance as these groups consistently missed
this minimum requirement for many of the tests. However, these observations were kept in the
other analyses. That is, there is not a comparison of utility engineering and surveying with non-
utility engineering and surveying, but the utility engineering and surveying observations are
included in the other tests (e.g. transportation with non-transportation).

While the Pearson chi-squared test was used for many of the cross-cuts, it was not
appropriate for testing significance in the responses to the likert scale personality questions. For
those 14 questions, the Mann-Whitney (MW) non-parametric test, also known as the Wilcoxon
rank-sum test, was used instead as it can account for ordinal responses to surveys when
respondents are asked if they agree, are neutral, or disagree with the statement (/3). The test
used for each comparison is specified in the results section.

Technical Area

Table 3 shows how alumni survey responses correlated with their technical area of interest. The
p-values from the statistical tests are shown where significant values at the 95% level are
highlighted. The table footnotes contain the odds ratio statements attributed to these tests
returning a significant p-value of 0.05 or lower. For example, when the Pearson chi-squared test
was performed on transportation versus non-transportation alumni responses by gender, the test
returned a 0.02 p-value. Using odds ratios on this significant relationship, it was found that
females in the study's sample were 1.4 times or 40% more likely to go into transportation than
males.

These findings suggest that gender and personality traits may be better predictors of the
technical field a person ultimately works in than their background, such as their father's or
mother's profession at the beginning of the undergraduate CEE degree. Even having an engineer
in the immediate family at the beginning of one's CEE degree proved to be insignificant. The
significance of personality trait impact on technical area is consistent with literature. Logue et
al. (14) conducted a study on 164 business majors and found that "49% of the variance in major
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satisfaction could be accounted for by a combination of vocational interest themes and
personality traits."

The most distinct finding is that construction alumni have a strong preference of not
wanting a desk job, whereas transportation is the most likely to want a desk job. The only other
personality trait found to be significant was that transportation alumni tended to be more
reserved/quiet while structures alumni were less reserved/quiet. The number of tests returning
insignificant show how civil engineers share many of the same traits even though the technical
areas are very diverse. However, the results highlight that transportation alumni may be the most
unique, as three of the five significant results were with regard to comparing transportation
verses non-transportation alumni.

It is also interesting that these findings overcome many limitations that university records
would be unable to show when comparing technical area with gender. First, many universities
do not have undergraduate students officially designate their technical track and only know that
each student completed their degree program in CEE. Technical tracks are only recorded for
graduate students. Second, this survey is able to find the ultimate placement of alumni which
debatably is more valuable over the technical focus while pursuing their degree. A student can
specialize in one technical area, but then work for several decades in a different technical area.
This is common as several respondents working in land development commented in the survey
they did not know that technical area in CEE existed until post-graduation. Also, as evident by
the "other" category, not everyone uses their college degree in the traditional way, such as
applying the analytical skills learned in CEE to the field of finance.

TABLE 3 Chi-squared P-values and odds ratio statements for technical area

Sta_:_lstlcal Construction Land Multiple  Structures  Transportation
est Development

Gender Pearson 0.13 0.85 0.38 0.91 0.022
Father engineer Pearson 0.95 0.74 0.72 0.92 0.17
Mother engineer Pearson 1.00 0.70 0.18 0.87 0.10
Engineer in family Pearson 0.51 0.49 0.44 0.68 0.43
Likes to take risks MW 0.06 0.73 0.58 0.17 0.76
Likes to work alone MW 0.66 0.18 0.57 0.13 0.24
Likes desk job MW 0.00° 0.53 0.14 0.28 0.04¢
Tends to procrastinate MW 0.34 0.23 0.19 0.59 0.19
Works well under pressure MW 0.32 0.94 0.39 0.72 0.97
Enthusiastic MW 0.30 0.60 0.21 0.91 0.95
Is a critical thinker MW 0.48 0.31 0.68 0.92 0.71
Is dependable MW 0.44 0.27 0.55 0.41 0.21
Is anxious MW 0.27 0.15 0.37 0.55 0.11
Open to new experiences MW 0.28 0.33 0.65 0.77 0.23
Is reserved/quiet MW 0.23 0.48 0.98 0.01¢ 0.05°
Is sympathetic/calm MW 0.32 0.86 0.39 0.60 0.11
Is disorganized MW 0.09 0.80 0.50 0.28 0.91
Is calm MW 0.14 0.83 0.34 0.98 0.58

2 Females are 1.4 times more likely to be in transportation than males

® Non-construction alumni are 1.8 times more likely to like a desk job than those in construction

¢ Transportation alumni are 1.3 times more likely to like a desk job than those not in transportation

d Structures alumni are 1.6 times more likely to be reserved/quiet than those not in structures

¢ Transportation alumni are 1.2 times more likely to be reserved/quiet than those not in transportation
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Respondents were then asked to select up to two characteristics that were important in
their career and gave them motivation to pursue it. If a respondent chose two, each was
weighted as half a vote within their technical area compared to if they had chosen one, it would
be weighted as a full vote. It seems that in general, CEE majors found the ability to grow and
gain new knowledge, challenging, making a difference, and high salary/financial gain to be
important aspects of their careers, potentially indicating that CEE majors have a competitive
nature. However, the ability to grow and gain new knowledge was more important to those in
structures and transportation while high salary and financial gain was more important to
construction and land development. The dynamics of each technical area's work schedule
seemed to be of less importance, such as flexible working hours and whether or not business
travel was required.

These results support current literature as well as reiterate the importance of basing
decision support on alumni careers and not on student enrollment. A previous study on freshman
engineering attrition found that students "having a strong belief that engineers are paid well and
that having an engineering degree helps ensure career security had a positive influence on the
outcome variable, possibly implying that students who leave in poor standing may be studying
engineering primarily for its financial rewards" (/5). Had students been surveyed, it is
hypothesized that job security and salary would have had increased importance when compared
the responses of the alumni.

TABLE 4 Important characteristics of career

Land
Construction Development Multiple  Structures Transportation
Ability to grow and gain knowledge 20.0% 28.3% 26.5% 35.3% 30.0%
Ability to travel for business 2.0% 0.9% 3.0% 0.0% 1.4%
Challenging 22.0% 19.1% 13.9% 22.1% 14.5%
Flexible working hours 2.0% 5.7% 6.6% 8.8% 5.5%
Importance/authority/recognition 8.0% 3.0% 4.2% 2.9% 4.1%
Making a difference 20.0% 11.7% 22.3% 20.6% 22.3%
No business travel 2.0% 0.0% 0.6% 0.0% 0.5%
Predictable working hours 0.0% 2.6% 0.6% 1.5% 0.5%
High salary/financial gain 16.0% 17.8% 8.4% 4.4% 10.0%
Stability/job security 8.0% 10.9% 13.9% 4.4% 11.4%
Total 100.0% 100.0% 100.0% 100.0% 100.0%

Note: all greater than or equal to 15% are highlighted.

Role

Similar to technical area, alumni career roles were not well-predicted by immediate family
careers at the beginning of their CEE degree, as shown in Table 5. However, gender and
personality traits were significant. Also, a high portion of the significant comparisons occurred
with respect to those in the practice/design role, indicating that the traits of alumni in that role are
especially unique. When comparing Tables 3 and 5, more qualities were found to be
significantly different between the roles than between the technical areas. This suggests that
using questionnaires to support students in their decisions may provide more guidance when
recommending roles rather than technical area. Therefore, it would be beneficial for future
research to obtain larger samples of the excluded roles (analytics, research, teaching, other) so
that students can gain insight into the common characteristics in those groups.
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TABLE 5 Chi-squared P-values and odds ratio statements for role

Statistical Test Managing Multiple Practice/Design
Gender Pearson 0.00? 0.53 0.01°
Father engineer Pearson 0.64 0.60 0.44
Mother engineer Pearson 0.11 0.80 0.15
Engineer in family Pearson 0.51 0.11 0.45
Likes to take risks MW 0.20 0.01° 0.00¢
Likes to work alone MW 0.56 0.32 0.09
Likes desk job MW 0.03¢ 0.87 0.08
Tends to procrastinate MW 0.51 0.04f 0.08
Works well under pressure MW 0.36 0.40 0.13
Enthusiastic MW 0.17 0.01¢ 0.03"
Is a critical thinker MW 0.31 0.63 0.10
Is dependable MW 0.24 0.68 0.75
Is anxious MW 0.08 0.77 0.01'
Open to new experiences MW 0.18 0.46 0.84
Is reserved/quiet MW 0.39 0.07 0.03!
Is sympathetic/calm MW 0.24 0.64 0.65
Is disorganized MW 0.35 0.98 0.65
Is calm MW 0.64 0.86 0.33

@ Males are 2.7 times more likely to be in management than females

b Females are 1.3 times more likely to be in practice/design than males

¢ Multiple roles alumni are 1.3 times more likely to like to take risks than those not in multiple roles

d Non-practice/design alumni are 1.3 times more likely to like to take risks than those in practice/design
¢ Non-managing alumni are 1.7 times more likely to like a desk job than those in managing

f Multiple roles alumni are 1.4 times more likely to tend to procrastinate than those not in multiple roles
9 Multiple roles alumni are 1.1 times more likely to be enthusiastic than those not in multiple roles

" Non-practice/design alumni are 1.1 times more likely to be enthusiastic than those in practice/design

" Practice/design alumni are 1.4 times more likely to be anxious than those not in practice/design

I Practice/design alumni are 1.4 times more likely to be reserved/quiet than those not in practice/design

Table 6 presents the career characteristics important to each of the different job roles. All
three roles found the ability to grow and gain knowledge as well as making a difference
important in their careers. Those in managing had an increased rate of responding that high
salary/financial gain was an important career aspect. This is correlated with findings from Table
4, where the majority of alumni in construction are in management. Therefore, salary is
important to both construction and management. Given these associations, it is difficult to create
well-defined cause-and-effect relationships because it is unknown what characteristics were
important in picking one's technical area and what was important in one's role. For example, an
alumnus might pick construction in order to gain knowledge and because it is challenging, then
go into management for the increased salary. Due to this multi-stage decision-making, it is
recommended that future research includes alumni interviews to get a more in-depth view of the
decision process.
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TABLE 6 Important characteristics of career

Managing Multiple Practice/Design

Ability to grow and gain knowledge 17.7% 25.8% 31.7%
Ability to travel for business 0.8% 2.5% 1.1%
Challenging 21.0% 20.3% 14.2%
Flexible working hours 3.2% 5.5% 7.1%
Importance/authority/recognition 6.5% 4.7% 3.4%
Making a difference 25.0% 22.5% 16.5%
No business travel 0.0% 0.0% 0.2%
Predictable working hours 0.0% 0.8% 1.8%
High salary/financial gain 15.3% 8.9% 13.1%
Stability/job security 10.5% 8.9% 10.8%
Total 100.0% 100.0% 100.0%

Note: all greater than or equal to 15% are highlighted.

Degree Level

The last predictor analyzed was whether or not an alumni earned a graduate degree in CEE. This
includes an M.S. or Ph.D. in CEE as well as a M.E. (Master’s in Engineering) with a CEE focus.
For this comparison, only samples that started their CEE undergraduate degree between 1995-
2010 were included, a total of 291 samples. Had all 567 samples been included, the average age
difference between those who did and did not earn a graduate degree was 8 years. The
significant differences were then consistent with what was expected when comparing a younger
group with an older group and not necessarily due to differences in earning a graduate degree in
CEE. After for controlling for age by comparing samples in the 15-year range, the only
distinguishable personality trait was that those who earn a graduate degree in CEE are
significantly less likely to procrastinate. The likert scale responses to being dependable between
the two groups returned a significant p-value, but the lack of diversity in answers resulted in too
few observations in each category of the comparison.

TABLE 7 Chi-squared P-values and odds ratio statements for graduate school

Statistical Test Received CEE Graduate Degree
Gender Pearson 0.85
Father engineer Pearson 0.89
Mother engineer Pearson 0.96
Engineer in family Pearson 0.45
Likes to take risks MW 0.34
Likes to work alone MW 0.07
Likes desk job MW 0.33
Tends to procrastinate MW 0.022
Works well under pressure MW 0.65
Enthusiastic MW 0.99
Is a critical thinker MW 0.85
Is dependable MW 0.03°
Is anxious MW 0.89

Open to new experiences MW 0.07
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Is reserved/quiet MW 0.43
Is sympathetic/calm MW 0.52
Is disorganized MW 0.67
Is calm MW 0.97

& Alumni who do not have a CEE graduate degree are 1.5 times more likely to
procrastinate than those who do have one.
® Does not meet the 5 observations minimum requirement for the statistical test.

CONCLUSIONS AND FUTURE RESEARCH

This study provides supportive evidence that personality and gender can impact career decisions,
including technical area and role. The family history of having an engineer in the immediate
family at the beginning of one's studies was not found to be a significant predictor in alumni
careers. While there were significant differences in the types of alumni in each technical area
and role, overall the career goals were mostly consistent across the different group segments,
suggesting that career goals may help students pick CEE as their major, but not decisions later on
in their education. Another possibility is that, consistent with previous literature, students
pursuing a CEE degree with salary and job stability in mind are less likely to complete the

degree program requirements. Also, the data captured from the survey was not strong at
predicting whether someone would earn a graduate degree in CEE. While this study gives
guidance to students in terms of which technical area they should consider pursuing, it seems that
career role is most easily predicted as the characteristics of alumni in each role are more
distinguishable from one another.

Given where significance was found, it is recommended that future studies focus on
personality types (e.g. is enthusiastic) and job traits (e.g. desk job) by testing more than 14 of
these preferences. Future studies may benefit from already developed tests, such as the Myers-
Briggs Type Indicator to test for personality. Also, it is recommended to focus on traits that do
not have a negative connotation. For example, very few alumni disagreed or were neutral to
being a critical thinker, probably because not being a critical thinker is viewed negatively.
Conversely, there was great diversity in responses to if a desk job is preferred as there was not an
obvious right or wrong answer. Also, it is recommended for future studies to implement
methodologies that account for possible correlations between variables, such as regression or
interview-based. Otherwise, any technical area with a high portion of managers may be
incorrectly concluded to like a high salary as well. Lastly, while the survey was distributed to
many alumni outside of Virginia Tech, about half the responses were from Virginia Tech alumni.
Future research would benefit from teaming with other academic institutions or professional
organizations to obtain a more representative sample of graduates currently in industry. This
would highlight any university- or region-related impacts on the correlations as well as the
robustness of the overall study conclusions.

ACKNOWLEDGMENTS

The authors would like to thank Angela Mills (Director of Alumni Relations at Virginia Tech)
and Courtney Sakry (CEE Coordinator of Alumni and External Relations at Virginia Tech) for
distributing this study's online link via email and social media. The authors would also like to
thank the 567 CEE alumni that took the time to respond to this survey.

REFERENCES



367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406

Hotle, Katz 14

10.

1.

12.

13.

14.

15.

The Whitehouse. STEM for All. 2016.
https://obamawhitehouse.archives.gov/blog/2016/02/11/stem-all. Accessed July 15, 2017.
U.S. Bureau of Labor Statistics. STEM Occupations: Past, Present, Future. 2017.
https://www.bls.gov/spotlight/2017/science-technology-engineering-and-mathematics-
stem-occupations-past-present-and-future/pdf/science-technology-engineering-and-
mathematics-stem-occupations-past-present-and-future.pdf. Accessed July 15, 2017.
Swartz, J. U.S. needs more STEM jobs to compete: Study. USA Today. June 2017.
https://www.usatoday.com/story/tech/talkingtech/2017/06/30/u-s-needs-more-stem-jobs-
compete-study/442801001. Accessed July 15, 2017.

Hayden, K., Ouyang, Y., Scinski, L., Olszewski, B. and Bielefeldt, T. Increasing student
interest and attitudes in STEM: Professional development and activities to engage and
inspire learners. Contemporary Issues in Technology and Teacher Education, 11(1), 2011,
pp. 47-69.

Mendez, G., Buskirk, T.D., Lohr, S. and Haag, S. Factors associated with persistence in
science and engineering majors: An exploratory study using classification trees and random
forests. Journal of Engineering Education, 97(1), 2008, pp.57-70.

Marra, R.M., Rodgers, K.A., Shen, D. and Bogue, B. Leaving engineering: A multi-year
single institution study. Journal of Engineering Education, 101(1), 2012, pp.6-27.
Cantrell, P. and Ewing-Taylor, J. Exploring STEM career options through collaborative
high school seminars. Journal of Engineering Education, 98(3), 2009, pp.295-303.
Drosdeck, J.M., Osayi, S.N., Peterson, L.A., Yu, L., Ellison, E.C. and Muscarella, P.
Surgeon and nonsurgeon personalities at different career points. Journal of Surgical
Research, 196(1), 2015, pp.60-66.

DataUSA. Civil Engineering: STEM Major. 2015.
https://datausa.io/profile/cip/1408/#demographics. Accessed July 15, 2017.

American Society of Civil Engineers. Technical Areas. 2017. http://www.asce.org/routing-
page/technical-areas. Accessed July 15, 2017.

Laerd Statistics. Spearman's Correlation using Stata. 2013. https://statistics.laerd.com/stata-
tutorials/spearmans-correlation-using-stata.php. Accessed July 15, 2017.

University of Pennsylvania. Tutorial: Pearson's Chi-square Test for Independence. 2008.
http://www.ling.upenn.edu/~clight/chisquared.htm. Accessed July 15, 2017.

Laerd Statistics. Mann-Whitney U Test using SPSS Statistics. 2013.
https://statistics.laerd.com/spss-tutorials/mann-whitney-u-test-using-spss-statistics.php.
Accessed July 15, 2017.

Logue, C.T., Lounsbury, J.W., Gupta, A. and Leong, F.T. Vocational interest themes and
personality traits in relation to college major satisfaction of business students. Journal of
Career Development, 33(3), 2007, pp.269-295.

Besterfield-Sacre, M., Atman, C.J. and Shuman, L.J. Characteristics of freshman
engineering students: Models for determining student attrition in engineering. Journal of
Engineering Education, 86(2), 1997, pp.139-149.



