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engineering is all that I need to obtain a great job” were combined to become “A
bachelor’s degree in engineering is all that [ need to get any job I want.”

Shortening items. Some items were shortened. For instance, the question “Based
on the messages from engineers in the workplace, on the job training is more important
for me than a PhD in terms of career opportunities” was changed to “On the job training
is more important than a PhD in terms of career opportunities.” Shortening items made
them more direct and more easily readable for the students.

Moving items. Some items were moved out of a particular potential factor/sub-
scale because they were a better fit with a dichotomous yes/no response than with the
agreement scale. For instance, “I participated in an in-depth program to prepare me for
graduate school, such as McNair, LSAMP, REU, or others” was originally in the
educational environment section but was a better fit in the engineering experience
section.

Adding items. Students had the opportunity to suggest items that they felt were
missing from the survey based on their perception of the intent of the survey. A question
regarding professional engineering license (PE) was added because for many engineering
majors, the PE is considered the next step in their professional career and its absence was
noticed by several students. The item “Growing up, was there anyone important to you
who had earned a PhD in any field?” was added to help capture role models in addition to
parents who might have influenced their interest in pursuing a PhD.

Layout and formatting. The engineering students who participated in the cognitive
interviews as well as our survey methodology experts were very savvy about survey

design and they made several helpful suggestions for improving the overall layout and
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formatting of the instrument. Students suggested limiting each “page” of items so that all
items would fit on one screen and participants would not have to scroll to respond to
items. Although we were not able to test the survey on every combination of operating
systems, browsers, and monitor sizes, in general, we were able to meet this goal. Another
idea from a participant was to add a progress or status bar to the survey. Students who
reviewed the survey after that addition responded positively to it and liked the fact that it
moved quickly. (Roughly each page of the survey represented about 10% of the total.)
Students also made formatting suggestions such as consolidating long lists of response
options (such as the list of majors) into a drop down box. One student suggested adding
numbers to the response options in addition to the agreement word prompts. Another
student suggested reversing the order of the scale from disagreement to agreement. This
was not changed as all the other students and the survey experts advised against this
change. Further, as noted by Dillman and Tarnai (1991) the order of the rating scale from
excellent to poor or poor to excellent affects the distribution of responses. Several
students commented on the lack of a neutral response option; however they felt they were
able to answer the questions with the available choices. Given that the focal construct of
the survey was likely something most undergraduate engineering students have not
actively considered, a neutral option was not added in order to maintain the response
variability.

Positive feedback. It was reassuring that students frequently made comments
when they especially liked an item or it resonated with them in a meaningful way. This
confirmed that we were effectively utilizing the voices of the engineering participants

from the qualitative phase. In particular, students commented that they liked the option of
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super senior/fifth year senior indicating that spending five years as an undergraduate
student was a normative experience in engineering and that most surveys did not have
this option.

Appendix G includes the initial EEII version and Appendix H includes the pilot
EEII version.

Consider inclusion of validation items. The inclusion of items measuring
response bias, such as a social desirability scale, is a common practice in scale
development. Additionally scale developers might also include items regarding related
constructs for the purpose of establishing construct validity. Worthington and Whittaker
(2006) recommend against this approach and advise that initial scale development “keep
the total questionnaire length as short as possible and directly related to the study’s
central purpose” (p. 814) in order to increase completion rates of participants and to
avoid any potential interaction effects caused by the additional items. Therefore, no
validation items were included in this scale.

Phase I11: Quantitative

The quantitative phase is based loosely on DeVellis’ (2003) final three steps of
developing an instrument: (6) Administer items to development sample; (7) Evaluate the
items; and (8) Optimize scale length (pp. 88-101). The administration of items is
discussed in the sampling method and data collection sections below. Evaluation of items
and optimizing scale length are discussed in the data analysis and validation section, in
addition to the analysis of significant predictors and discriminators.

Sampling method. Participants in the quantitative phase of the study were

domestic junior and senior engineering majors. Five of the original seven sites agreed to
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participate in the quantitative phase. An enumeration sample method was used and all
eligible students were invited to participate in the study via e-mail. Table 6 shows the
sample size for each site, the number of responses and the response rate for each site, as
well as the overall response rate. Appendix | includes a sample invitation and reminder
messages. Deviations from the recruitment protocol that impacted the response rates are
noted in the following section.

Table 6: Response Rates

Site Sample Responses Response Rate
Site 2 829 191 23%
Site 3 919 287 31%
Site 4 1034 83 8%
Site 6 4773 702 15%
Site 7 877 196 22%
Total 8432 1459 17%

Data collection. Data for the Exploring Engineering Interest Inventory were
collected using an online survey service. An online survey service provides a convenient
method for participants to record their responses, and a reliable method for researchers to
export the data, rather than doing data entry on paper and pencil surveys. Online surveys
also provide a standardized approach for collecting the data. Since the participants were
engineering students, it was likely they were very comfortable using the technology of
this kind of format. SurveyMonkey was selected as the platform for data collection
because it provided state of the art security infrastructure to make sure the data collected
was safe via an enhanced SSL encryption package to protect the survey during
transmission. SurveyMonkey also meet current U.S. Federal Section 508 certification
guidelines for accessibility (SurveyMonkey, n.d.)

Given the nature of the engineering curriculum, special consideration was given

to the timing of data collection on each campus. Academic calendars were reviewed and
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for campuses on a semester schedule the first week after spring break was selected.
Campuses on a quarter system were scheduled for data collection during the second week
of the new quarter. The hope was that the workload during these periods might be slightly
less for the students and that would have a positive impact on the response rate. Prior to
the initial survey invitation, each campus was to send a survey announcement to eligible
students from the Dean of Engineering or other appropriately titled individual. The
announcement from a known and respected individual has been found to positively
impact response quality, significantly lowering item omission rates (Bosnjak, Neubarth,
Couper, Bandilla, & Kaczmirek, 2008; Porter & Whitcomb, 2007; Wright & Schwager,
2008). Site 2, Site 3 and Site 6 did in fact send an announcement message. Site 4 and Site
7 did not send an announcement message.

Personalized e-mail invitations were generated by SurveyMonkey and sent to all
eligible participants at Site 2, Site 3, Site 6 and Site 7. Site 4 choose not to provide a list
of e-mail addresses and first names, so eligible students were sent a mass e-mail from an
engineering staff member with only one follow-up message. Initial invitations were
scheduled for delivery at 10:00 am on Wednesday, based on Faught, Whitten, and
Green’s (2004) finding of the efficacy of that particular date and time for response rate.
The first reminder e-mail was delivered to non-responders on the following Friday
afternoon at 10:00 am and the final message was delivered at 10:00 am on the next
Monday. A 2-day reminder message was found to be marginally more effective with
response rates and response speed (Crawford, Couper, & Lamias, 2001). A compressed
timeline was deemed necessary since most responses occured within the first few days of

administration. Schaefer and Dillman (1998) found that 76% of survey responses were
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collected within the first four days of implementation. The response rate for a similar on-

line survey of undergraduate engineering majors yielded a 14% response rate (Sheppard

etal., 2010).

Data cleaning and review. Before data could be analyzed, they were cleaned

using the following steps:

1.

Variable “other engineering major” was cleaned by creating new codes for majors
not on original list and a new variable for second majors, since several students
used this field to indicate a double major.

A new variable “Minority” was created by re-coding “Race” and “Ethnicity”
variables into one variable (Hispanic, American Indian or Alaska Native, Black or
African American and Native Hawaiian or Other Pacific Islander = “minority”;
Asian and White = “not minority”).

Re-coded “PellGrant” variable (Yes = Yes; No and Don’t Know = No). This
variable served as a proxy for socio-economic status (SES).

A new variable “ParentPhD” was created by re-coding “parent’s education level”
(Doctorate or PhD = “Yes”; all other = “No”).

A new variable “KnowPhD” was created by combining “ParentPhD” with
“Growing up, was there anyone important to you who had earned a PhD in any
field?” (Yes to either or both = Yes; No to both = No).

Re-coded site number to correspond with site number from the qualitative phase

of the study.
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7. A new variable “SiteType” was created by re-coding the site number. (Sites
offering a PhD in engineering = “Yes”; Sites not offering a PhD in engineering =
“No”).

8. Re-coded “What degree(s) do you PLAN to pursue/complete” (Doctorate or PhD
in engineering field = Yes; All others = No).

Once cleaned, the data were reviewed for appropriateness to be used in the data

analysis using the following steps:

1. Non-U.S. citizens were marked for exclusion.

2. Non-engineering majors were marked for exclusion.

3. Cases with missing data in 10 or more of the 72 core items were marked for
deletion based on an analysis of missing data patterns. Recall that items were
randomly ordered within each section. Within each section missing data appeared
to be random, but there was a clear pattern of increased missing data from one
section to the next. Figure 8 shows the average percent of missing data for the

core sub-scales for the full database of 1459.
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Figure 8: Average Percent of Missing Data in Each Core Sub-scale
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By deleting all cases with 10 or more items missing, the pattern of increased
missing data by section was attenuated. The final 904 cases used in the analysis
had less than 1% missing data across all five sub-scales.

Cases with unknown class standing and projected graduation of more than three
years were marked for exclusion. Although only students who had junior standing
or higher were invited to take the survey, some students did not consider
themselves with at least junior standing. This may be due to students who enter
college with advanced credit and obtain junior standing heading into their fourth
semester but still consider themselves sophomores.

The time to complete the survey was reviewed for all remaining cases and none
were marked for exclusion based solely on this variable.

A total of 300 cases of the remaining 904 were selected via random number
generation for use with the EFA. The remaining 604 cases were marked for use

with the CFA.
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Table 7 provides a summary of the deleted cases while Table 8 summarizes the sample

characteristics for all groups.

Table 7: Summary of Deleted Cases

Total Cases in Database 1459
Non-US citizens deleted -60
Non-engineering majors deleted -2
10 or more missing core items cases deleted -384
Unknown class standing, graduating in more than 3 years deleted -109

Total Cases Used 904
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Table 8: Sample Characteristics for All Groups

Total Deleted  Retained EFA CFA
Actual N 1459 555 904 300 604
UsS Citizens 1399 495 904 300 600
Non-US Citizens 60 60 0 0 0
Female 290 39 251 77 174
Male 765 116 649 222 427
Missing Gender 404 400 4 1 3
Minority 368 10 358 300 58
Not Minority 727 145 582 37 545
Missing Minority 663 400 263 262 1
Pell Grant Yes 326 39 287 93 194
Pell Grant No or Don't Know 731 116 615 206 409
Pell Grant Missing 402 400 2 1 1
Junior 518 154 364 121 243
Senior 462 117 345 112 233
Super Senior/5th Year Senior 127 23 104 32 72
Not Junior or Senior 352 261 91 35 56
Site 2 191 43 148 37 111
Site 3 287 58 229 79 150
Site 4 83 23 60 18 42
Site 6 702 378 324 112 212
Site 7 196 53 143 54 89
Aerospace Engineering 97 46 51 15 36
Agricultural Engineering 27 9 18 7 11
Bioengineering 2 0 2 1 1
Biological Systems Engineering 35 18 17 3 14
Biomedical Engineering 30 8 22 6 16
Chemical Engineering 167 66 101 31 70
Civil Engineering 142 64 78 28 50
Computer Engineering 116 46 70 29 41
Construction Engineering 23 13 10 4 6
Construction Management 4 0 4 0 4
Electrical Engineering 170 63 107 38 69
Engineering Mechanics 1 0 1 0 1
Engineering Physics 3 1 2 1 1
Environmental Engineering 5 3 2 2 0
Industrial Engineering 63 25 38 18 20
Manufacturing Engineering 1 0 1 0 1
Materials Engineering 40 21 19 4 15
Mechanical Engineering 484 149 335 109 226

Not Engineering 2 2 0
Nuclear Engineering 2 1 1
Optical Engineering 3 0 3
Software Engineering 33 13 20
Undeclared Engineering 4 4 0
Missing Major 5 3 2

Data analysis and validation. When reviewing ten years of scale development in

the counseling psychology field, Worthington and Whittaker (2006) caution against
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allowing preconceptions to override statistical findings. They stress that a theoretical
rationale should accompany any modification decisions in addition to statistical
information. They also remind researchers to “clearly report all of the decisions,
rationales, and procedures ... in scale development research” (p. 834). The following
analysis incorporates these suggestions. These analyses were conducted on the 72 core
items.

Exploratory factor analysis (EFA). The purpose of EFA was to identify the
factor structure of a scale (Worthington & Whittaker, 2006). Although the EEII scale was
built to reflect the factor structure of the theoretical model generated during the
qualitative grounded theory phase, conducting an EFA was still an important analysis to
conduct in order to ascertain if the data did in fact create the five factors we had intended
the instrument to measure. The EFA provided key information, such as the underlying
factor structure of the data, necessary to test the replication of the factor structure with a
CFA (Worthington & Whittaker, 2006).

Sample size. Generally sample sizes of 300 are sufficient for EFA (Worthington
& Whittaker, 2006). A random sample of 300 of the survey respondents were selected for
the EFA, using random number generation in SPSS.

Extraction method. Common-factor analysis (FA) was used as the extraction
method for the EFA analysis. According to Worthington and Whittaker (2006), the
purpose of FA is to “understand the latent factors or constructs that account for the shared
variance among items” (p. 818), which is particularly appropriate when developing new

scales. Although FA has been shown to produce similar results as principal-components
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analysis (PCA), Worthington and Whittaker suggest that FA results tend to generalize
more effectively to CFA.

Rotational methods. The initial EFA was conducted using an orthogonal
(VARIMAX) rotation method in order to most clearly view potential factor solutions.
Once a preliminary factor structure was identified, an additional EFA was conducted
using an obliqgue (PROMAX) rotation to generate the factor correlation matrix (Table 9).

Table 9: Factor Correlation Matrix

Factor 1 2 3 4

1 1.000

2 .258 1.000

3 -.222 -.247 1.000

4 -.118 -.087 .282 1.000

Extraction Method: Principal Axis Factoring.
Rotation Method: Promax with Kaiser Normalization.

Although the factor correlation matrix indicated only low levels of correlation between
the factors, an oblique rotation was used for the remaining iterations of the EFA in order
to allow the factors to correlate and to most closely approximate simple structure, as
suggested by Worthington and Whittaker (2006).

Factorability of the correlation matrix. As recommended by Worthington and
Whittaker (2006) the factorability of the correlation matrix was evaluated using the
Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy. This procedure “indicates
the extent to which a correlation matrix actually contains factors or simply chance
correlations between a small subset of variables” (p. 818). Satisfactory values for KMO
exceed 0.6 as recommended by Fabringer, Wegener, MacCallum, and Stahan (1999).

Criteria for factor retention. A variety of approaches were used to determine

factor retention. Eigenvalues of less than 1.0 were considered for deletion, as that value



Interest in the Engineering PhD 92

may indicate a potentially unstable factor (Kaiser, 1958). The relative values of the
eigenvalues as shown on a scree test were also considered. Factors with eigenvalues that
occurred after the break in the plot were considered for deletion as well (Cattell, 1966).
The overarching criterion for factor retention was the degree to which the factor pattern
approximates simple structure. Approximate simple structure occurs “(a) if several items
load strongly on only one factor and (b) if items have small correlation to other factors in
the solution” (Worthington & Whittaker, 2006, p. 821). Approximating simple structure
during the EFA was advantageous for replicating the factor structure with CFA, since
CFA assumes simple structure. In general, factors retained in the model will have a
minimum of three items as suggested by Tabachnick and Fidell (2001).

Criteria for item retention. Because the items in the EEII have been validated
through the cognitive interview process prior to data collection, the instrument had
already undergone significant item deletion in an effort to optimize scale length.
However, item loading and cross-loading on factors were a consideration in item
retention in addition to item communalities as suggested by Worthington and Whittaker
(2006). Items with loadings of less than .32 or cross-loadings larger than .32 were
considered for deletion (Tabachnick & Fidell, 2001). Costello and Osborne (2005)
suggest that item communalities between .40 to .70 are adequate for most social science
research, so items with communalities below .40 were closely scrutinized for possible
deletion.

Reliability analysis. Nunnally and Bernstein (1994) defined reliability as
“freedom from random error, i.e., how repeatable observations are (1) when different

persons make the measurement, (2) with alternative instruments intended to measure the
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same thing, and (3) when incidental variation exists in the condition of measurement” (p.
213). To establish the reliability of the instrument, the Cronbach’s Alpha if item deleted
was reviewed for each factor retained by the EFA procedure. Items whose removal
significantly improved the Cronbach’s Alpha were considered for removal. Each item
was deleted from the analysis one at a time, removing the worst items first, and then re-
running item analysis after each deletion. This process continued until all items were
deleted that significantly improved the reliability of the instrument, without sacrificing
theoretical relevance of items in the construct domain. Cronbach’s Alpha above .7 was
considered to be adequate, as suggested by George and Mallery (2003). Additional EFA
analyses were run on the final items.

Confirmatory factor analysis (CFA). The purpose of the CFA was to confirm the
factor structure as identified by the EFA in order to support the validity of the scale
(Worthington & Whittaker, 2006).

Sample size. The remaining 604 cases of the cleaned database were selected for
the CFA. In general, it is recommended to have at least 5 — 10 participants per parameter
estimated (Worthington & Whittaker, 2006). The final model from the EFA had 52
parameters, translating to a range of 260 — 520 cases needed for the CFA. The remaining
604 cases were more than adequate to conduct CFA analysis.

Approach to CFA. The CFA used a robust maximum likelihood (MLR) estimator
in order to account for non-normality in the data by adjusting standard errors and model
fit indicies as suggested by Satorra and Bentler (1994).

Criteria for model fit. The fit indices indicated in Table 10 were used to evaluate

model fit of the CFA using MLR estimation:
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Table 10: Tests of Model Fit Recommended Values

TEST OF MODEL FIT Reference Acceptable Fit Level

Chi-Square Value

Degrees of Freedom Newcomb, 1994 Chi-square less than
2(DF)

Significance Level Significantly different

from zero chi-square

CFI (Comparative Fit Index) Bryne, 2001 Above .90
TLI (Tucker-Lewis Index) Bryne, 2001 Above .90
RMSEA (Root Mean Square Error of Browne and Cudeck (1993) Below .05

Approximation) with corresponding 90%  Hu and Bentler (1999)
Confidence Interval

SRMR (Standardized Root Mean Hu and Bentler (1999) Below .05
Square Residual)

Chen, Curran, Bollen, Kirby, and Paxton (2008) caution against using any one test of
model fit or any predetermined cut-off for acceptable fit, based on the complexity of
structure and size of a model and the sample size. The researcher’s judgment is a
necessary component of interpreting the tests of model fit. If the CFA did not
demonstrate good fit, as determined by the combination of results from the tests of model
fit, the modification indices were reviewed to look for problematic items for possible
deletion. If the model was re-specified, the EFA was re-run using the new model,
followed by another CFA (Worthington & Whittaker, 2006).

Discriminant validity. Modeled after Shen (2007), discriminant validity was
assessed by a nested model approach using maximum likelihood estimators (ML) to
compare the factor structure as identified by the EFA with other possible models. The
chi-square difference test was used to evaluate the significance of the loss in fit as
suggested by Worthington and Whittaker (2006) and Anderson and Gerbing (1988). A

significant chi-square difference is considered evidence of discriminant validity of the
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compared models. The estimated correlations between factors were also reviewed as
suggested by Bagozzi and Yi (1988) and Kline (2005) for excessively high correlations.
Moderate to low correlations are additional evidence for discriminant validity. The 95%
confidence interval around the correlation estimate between two factors were reviewed as
suggested by Anderson and Gerbing (1988) and Bagozzi, Yi, and Phillis (1991).
Confidence intervals not including 1.0 serve as further evidence of discriminant validity.
Common Method Bias. Podsakoff, MacKenzie, Lee, and Podsakoff, (2003)
suggested several strategies for minimizing common method variance, or “variance that
is attributable to the measurement method rather than the constructs the measures
represent” (p. 879). Prior to administration the EEII was reviewed by numerous groups of
stakeholders and experts to limit potential variance from poorly constructed items. Items
were written to avoid unfamiliar terms, vague concepts, double-barreled questions and
complex syntax. In addition, all recruitment messages contained information regarding
respondent anonymity in an effort to alleviate response biases such as social desirability,
acquiescence or leniency. To minimize the priming effects of the items, the item order
was randomly generated for each respondent within each particular section (i.e. potential
factor) of the instrument. Given the initial stage of the scale development and to keep the
instrument as relevant and parsimonious as possible for the potential respondents, proxy
items or measures of latent factors such as social desirability, were not included in this
administration. However, including items that would allow for statistical remedies for
common method bias should be considered for future refinements of the scale.
Significant predictors. Before independent variables could be analyzed, the

dependent variable first had to be defined. Three items were included in the survey as
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potential measures of dependant variables: What degrees have you CONSIDERED or
thought about pursuing?; What degree(s) do you PLAN to pursue/complete?; and How
likely are you to pursue a PhD DEGREE in engineering? If the respondent selected PhD
in engineering field for the first two questions, it was coded as “yes”; all other responses
were coded as no. The third question had a Likert scale with four options: very likely,
somewhat likely, somewhat unlikely, and very unlikely. Of the 128 respondent who
indicated that they were planning to pursue a PhD, all but four also indicated that that
they had considered pursuing a PhD. Since the variable PhDPlan seemed to be a sub-set
of PhDConsider, these two variables were re-coded into one variable with the following
options: 2 = PhDPlan, 1 = PhDConsider (only), and 0 = no PhDPlan or PhDConsider.
The responses from this new variable were compared with the PhDLikely variable in a
cross-tab table (Table 11).

Table 11: Cross-tab Comparison of Potential Dependent Variables

PhD Very PhD PhD PhD Very
Unlikely Somewhat Somewhat Likely Total
Unlikely Likely
No PhDPlan/Consider 361 161 22 3 547
PhDConsider 21 118 87 2 228
PhDPlan 1 6 57 64 128
Total 383 285 166 69 903

For the most part the responses were congruent. The cross-tab table revealed only a few
inconsistent response patters; three people who had not considered or planned to pursue a
PhD indicated that they were very likely to pursue a PhD; and six people who planned to
pursue a PhD indicated that they were somewhat or very unlikely to pursue a PhD. By
reviewing the cross-tab table, it was apparent that PhDConsider would not be an
appropriate outcome variable. Approximately 60% of the respondents who had

considered the engineering PhD indicated that they were very or somewhat unlikely to
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pursue a PhD. It would appear that while these students had at one time considered the
engineering PhD, they were no longer interested. Although the variables PhDPlan and
PhDLikely seemed to be helpful in measuring our outcome of “interest in the engineering
PhD” there was no clear way to combine these variables into a single dependent variable.
The response pattern for those who were planning to pursue the engineering PhD was a
fairly even split between the very and somewhat likely response options. Conversely, the
response pattern for those who were very or somewhat likely was relatively even split
between those planning to pursue a PhD and those who did not indicate that they were
planning to pursue a PhD. Therefore, each variable was used as a separate dependent
variable when evaluating the relationships with the independent variables.

The first dependant variable, PhDPlan, was binary; therefore a logistic regression
model was used to assess the significance of the independent variables with PhDPlan.
The other dependant variable, PhDLikely, was continuous; therefore a linear regression
model was used to assess the significance of the independent variables with PhDLikely.
The following independent variables were used to build both regression models: scale
scores of the factors retained by the EFA and confirmed by the CFA, engineering
experiences, institution type, minority status, gender, socio-economic status (as
approximated by Pell Grant eligibility), and whether someone important to the student
had earned a PhD. The following hypotheses were tested:

1. Ho = There is no relationship between the factor scale scores and interest in the

engineering PhD (both PhDPIlan and PhDL.ikely).

2. Ho = There is no relationship between the engineering experiences, institution

type, minority status, gender, socio-economic status, and whether someone
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important to the student had earned a PhD and interest in the engineering PhD

(both PhDPlan and PhDL.ikely).

A single logistic regression model using all independent variables simultaneously for
each of the dependent variables was run in order to model the interaction of the different
independent variables.

Discriminant analysis. In addition to the data collected from undergraduate
engineering majors, a small group of domestic engineering PhD students and recent
engineering PhD alumni from one of the sites were also invited to complete the survey.
Ideally, the EEII would be able to correctly classify “novice” participants (i.e. the
undergraduate students) from “expert” participants (i.e. the doctoral students and alumni),
thus providing additional evidence of the validity of the instrument. This approach is
based in part on the method used to develop the Maryland Physics Expectation (MPEX)
survey (Redish, Saul, & Steinberg, 1998). In the case of the MPEX, high school and
college level physics teachers were asked to complete the survey as they would hope their
students would, and those data were used to establish the “expert” or “favorable”
responses. Undergraduates in entry level calculus-based physics classes were then given
the MPEX as a pre/post test at the beginning and end of the semester to measure their
development from the “novice” or “unfavorable” view towards the “expert” view. The
purpose of collecting data from PhD students and recent PhD alumni was to measure the
extent to which group membership can be predicted based on responses to the core
survey items (Tabachnick & Fidell, 2001). This group was recruited using similar
messages as the undergraduate students as approved by the IRB (see Appendix I). The

core items of the survey were consistent with those presented to the undergraduates, but
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some of the demographic questions were altered slightly to reflect the current status of
the person completing the survey.

Of the 74 PhD students and recent PhD alumni invited to take the survey only 29
(or 39%) completed the survey. Given the small N of the expert responders, only a
preliminary comparison of the item means was conducted. Additional testing with a
larger sample would be necessary to establish statistically significant discrimination
among groups.

Ethical concerns. In order to protect the rights of all participants, each participant
was provided with an electronic copy of the informed consent form as approved by the
IRB (Appendix I) within the body of the initial invitation e-mail. As stated in the
informed consent form, consent was implied in completing the online survey, as was
assurance of being at least 19 years old. Additionally, since the undergraduate survey was
sent only to college juniors and seniors, it was unlikely that that any minors would be in
the sample pool. Participants had the option to withdraw from the study at any time. The
backgrounds of the participants were reported in aggregate, describing the group as a
whole, rather than describing each individual in order to protect their identity. Personally
identifiable information, including IP addresses, was not saved within the dataset. The
participating sites are only described by broad descriptors and are not named as an
additional protection of confidentiality. Since the study was concerned with
understanding the participants’ perceptions of the engineering PhD, which is not a
particularly sensitive topic, it was not expected that participating in this study would have

any negative impact on the participants.
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The data is stored on a password-protected computer in a locked office. Only
authorized research team members have access to these materials. The data will be kept
no longer than three years beyond the conclusion of the study.

Phase IV: Synthesis

Mixed methods analysis. The qualitative study results will be evaluated
concurrently with the qualitative results to determine the extent to which the quantitative
results confirm the qualitative findings. Additionally, the quantitative results will be used
to prioritize the recommendations from the qualitative phase.

Design Challenges

Conducting a mixed methods instrument development design has several inherent
challenges, and this project was no exception. First, conducting the grounded theory
phase of the study was time consuming since a relatively large number of interviews were
necessary to saturate the categories. Over 500 pages of single-spaced data were
transcribed and it took a significant amount of time analyze the data. Access to the sites
was also a challenge and required more time to obtain permission than anticipated. The
time allotted for data analysis and instrument development was also originally
underestimated.

Obtaining IRB approval was also a challenge in this study and ultimately each
phase of the project was submitted independently for IRB approval. In addition to the
IRB approval at the host campus, IRB approval was required by two other campuses. The
remaining sites allowed both the qualitative and quantitative data collection to occur

based on IRB approval at the host campus.
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The expense of conducting such a large scale and long term study was also a
challenge in this study design. Funding from the National Science Foundation and
additional support from the University of Nebraska-Lincoln was necessary to make this

study financially feasible.
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Chapter 4: Findings and Results
This chapter presents the findings from Phase I, the qualitative grounded theory
and Phase 111, the quantitative study.
Phase I: Qualitative Grounded Theory Findings
The research questions for Phase | included:

1. What perceptions do domestic engineering students, engineering faculty
members and other engineering PhDs hold about PhD education in
engineering?

2. What factors facilitate or inhibit interest in the engineering PhD among
domestic engineering students?

a. What are the initial conditions of domestic engineering students that
influence their interest in the engineering PhD?

b. What is the context that supports the continuation of (or changes to) the
level of interest of domestic engineering students in the engineering PhD?

c. What are the intervening conditions that influence the level of interest of
domestic engineering students in the engineering PhD?

d. What strategies were reported that could be used to increase interest in the
engineering PhD among domestic engineering students?

The grounded theory model identifying factors that facilitate or inhibit interest,

describing the relationships among the factors, and explaining the process of developing
interest in the engineering PhD is presented in Figure 9. Each element of the model is

described in turn and hypotheses regarding the relationships among elements are stated.
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Figure 9: Grounded Theory Model for Increasing Interest in the Engineering PhD
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Pathways to the Engineering PhD

Our description of the model begins with the pathways to the engineering PhD
since it encompasses all other elements of the theoretical model. Doctoral-level education
is considered a non-normative event for engineers. As one faculty member stated, “It’s a
different career arc completely.” Most participants who were pursuing or had already
earned a PhD in engineering described a lack of planning as undergraduates to pursue a
PhD. One engineer summarized this, “I didn’t really have any plan of becoming a
professor or getting a PhD.” Other PhD engineers were even more open about their lack
of a path: “I tripped into my career” and “I sort of lucked into it.” The stories recounted
by these participants indicate that there is no “one-size-fits-all academic path” that leads a
person to have interest in earning a PhD in engineering.

Engineers who have earned PhDs could look back on their collective experiences

and retrace the path that led them to an advanced educational track. Many times they
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could articulate a specific trigger event or a more general set of circumstances that set
them on this path. These engineers have said that having the PhD as a goal may be an
important step. However, even with an end goal of the PhD in mind, there are many steps
along the way that are not clear for engineering students. One current doctoral student
explained this confusion, “I think you have to have a goal, certainly of, what you, what it
is you want to do, and...the best way to get there, I think, maybe it isn’t so clear for
people.” A thoughtful period of reflection over a period of time is another ingredient
along the pathway of considering advanced education. One doctoral student captured this
sentiment, “It’s a journey and I see it as a journey, not necessarily the race.”
Bachelor’s-level engineers do not have a clear path to work towards a PhD
because their goals are either unclear or center on obtaining a job after graduation. For
undergraduate engineering students, a PhD in engineering is simply not part of their
mindset. For the most part, the pathway to an engineering PhD is obscured from them by
the hyper-focus of obtaining a high-paying job upon graduation with their Bachelor’s
degree. They are not aware of the PhD as a possibility or what they would need to do to
progress down this pathway. Because the pathway to the PhD often involves the process
of time, life and work experience, and even unforeseen events, it is difficult for
undergraduate students to understand how to plan their pathway to the PhD. Long-term
educational goal setting is difficult for many undergraduate students. As one PhD student
reflected on his undergraduate experience, “I didn’t have a goal at that time of pursuing
academics or research. | just wanted to move on—you know, start my career.” An

undergraduate student described how she struggles with career and education decisions.
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I may still need school...I’m not sure. I haven’t thought too much about that...I

guess that’s too long term for me...I just think from day to day...It’s just too, too

hard to tell on where I, where | want to be, uh, you know, I just want to roll with it

and see, see where | end up.
Anticipating a career pathway with additional education is difficult when short-term
goals are either uncertain or focused squarely on obtaining employment.
Misperceptions

Misperceptions, or the incorrect and incomplete beliefs that students have about
the engineering PhD, work to shape the ways in which their personal characteristics are
revealed. The prevalence of misperceptions undergraduate students have about the
engineering PhD is widespread. Because these misperceptions are believed to be true,
they serve as a major barrier to interest in the PhD. We have categorized them into three
primary groups: graduate education, economic and personal costs, and nature of work.

Graduate education misperceptions. Almost universally we found that
undergraduate engineering students had a lack of information, or even outright
misinformation regarding engineering PhD programs. These misperceptions included the
cost of graduate school, the workload and curriculum of the doctoral program, the length
of the program, the types of careers available with a PhD, and the characteristics of the
individuals earning PhD degrees in engineering.

Education cost. The actual cost of a graduate education is not well understood. A
faculty member acknowledged that undergraduate students “think they have to pay for
the tuition.” Indeed many students in this study believed they would have to pay

graduate school tuition just as they paid for their undergraduate tuition. Most students do
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not know about fellowships, assistantship stipends, and tuition remission opportunities,
and those that do assume the funding is not enough to support them (and their families)
adequately during their studies.

Workload and curriculum. Graduate workload was largely viewed in a negative
light. Based on their undergraduate experiences as a reference, undergraduate students
believed that the graduate workload would be unrelenting. Undergraduate students did
not want to be “stuck in a lab...doing equations all the time” or use their “will power to
keep working and always be studying.” Students thought graduate school curriculum
was more focused and theoretical compared with their undergraduate experience.
Engineering students projected that the graduate curriculum would be more
“independent” and “self-directed.” They recognized that there would be more choice in
“what you work on” in terms of the classes and research experiences and that you “don’t
take as many classes.” While some students would appreciate this specialization, others
saw it as an increase in isolation and didn’t want to “lose social interaction” from their
classes. They seemed to acknowledge the strong presence of research in the graduate
program, realizing there would be “a lot more research.” They were skeptical about the
increase in research as this was seen as taking away time and resources from “practical
knowledge.” Undergraduate students highly value their applied skills and want to become
an “actual engineer” and not a “book engineer.” So there is a negative perception of what
research is, or as one student said there is a “stigma on research.”

Program length. The length of a graduate program is seen as indefinitely long.
Students thought it would take them many years to finish a PhD. One student joked, “I

think if you’re going to get a PhD you’re going to be in school for what, like 28 years or
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something.” Some students found it difficult to articulate the exact amount of time it
would take to obtain a graduate degree. “Isn’t it roughly like six years to get to your
PhD?” Current PhD students felt anxious and fearful that they would be in school
“forever.” The program length was also viewed as interfering with other life goals such
as having a family. One current PhD student spoke of her concern of losing out on this
aspect of life;

Culture tells, at least women, that you need to find that husband, you need to get

married, you need to have children. And so like a lot of my friends have started to

get married, and started thinking about families. And I’m like wait, where did I

miss the boat?

PhD career possibilities. Students viewed advanced doctoral education primarily
for those individuals who want to go into academic careers involving teaching and
research. One student boldly stated the commonly assumed limitations of the PhD. “A
PhD is really only necessary if you want to teach or remain in academia.” There is a clear
disconnect for undergraduate students between advanced education and a career in
industry. One student spells out the view of academic jobs as the only career option for
engineers with PhDs, “I don’t think people that choose to get a PhD are planning on
getting into the industry and working as an engineer. I think they’re planning on
researching.” Therefore, if undergraduate students do not feel a strong connection to
teaching and research, they are much less likely to contemplate earning a PhD in
engineering.

PhD student characteristics. Students described engineering PhD students in

incredibly positive, almost idealistic, ways. They saw these students as perpetual learners
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who possessed “undying curiosity,” were exceedingly “studious,” and “very smart.”
Dovetailing with their “love of school” and “capacity to learn” was their “determination.”
Students went on to describe doctoral students as “dedicated,” “very focused,”
“persevering,” and “disciplined.” Besides having a superior intellect and “tenacity,”
other characteristics of PhD engineering students were far ranging. A PhD student was
seen as a person who “takes the lead in groups” and has good “communication skills.”
PhD engineering students were also seen having “creativity,” “insightfulness,” and
“patience.” PhD students were also considered “independent” and “self-motivated.”
Perhaps because undergraduate students had such lofty views of PhD students, they were
likely not to see themselves as possessing all of these characteristics, which may
discourage them from considering a PhD.

Economic and personal costs misperceptions. Money does play a part in the
decision to pursue a PhD in engineering, but it does so in complex ways. Engineers
contemplate a variety of economic and life considerations when deciding whether or not
to further their education in the field. They consider such things as the student loan debt
they have, the income and opportunities they would forgo while in school, the financial
commitments they have, and their quality of life. These concerns can best be broken
down into three categories: undergraduate debt, the opportunity cost of advanced
education, and quality of life.

Undergraduate debt. Engineers, like many college graduates, have student loan
debt to pay back after graduation from their bachelor’s degree program. Many have large
sums and wish to begin paying this down as soon as possible. Others have personal loans

from their families and also want to begin making payments and supporting their
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families. Students wanted to erase these debts and were very hesitant to incur more debt
by continuing on with their education. A faculty member recognized that many of his
graduating students wanted to “get a job to start alleviating all these loans.” The costs
incurred during the bachelor’s degree were real and engineers kept them in mind when
making future decisions.

Opportunity cost of advanced education. Since engineers with a bachelor’s
degree can command large salaries, the opportunity cost of forgoing this money to pursue
advanced education is high. As one engineer succinctly said, “a lot of people make a lot
of money without a PhD.” Engineers have recognized that it is not just the salary but also
the benefits that are lost when education is chosen over employment. One engineer
commented about the loss of perks, “They’re losing out on pay, they’re losing out on
401(k)s, and they’re losing out on bonuses and raises and work experience.”

Many recent graduates feel the need to get a job after graduation. One student
candidly admitted that he was “really tired of being poor...and wanted to get a real job
and make some money.” This idea of working is reinforced through job fairs in which
engineers are pursued and often guaranteed positions upon graduation. Another engineer
summarized the disparity in pay between engineers in the workforce and engineers
following an educational path, “Coming out of school you have the option of going to
graduate school and making $20,000 a year or working and making $60,000.” Since the
income gap is so wide, many have calculated that they never “recoup” the money. Any
financial advantage with increased education is nothing more than a “net wash” in the

end.
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Advanced education is not always compatible with the employment sector since
many engineers would have to give up their current career in order to obtain more
education. While some companies encourage advanced education through supportive
policies like flexible work schedules and by paying the tuition bill, this model rarely
holds for doctoral-level education. One engineer described the flaws in the educational
structure for doctoral education.

Most PhD programs are not structured for people that work. They just aren’t. And

that makes it extremely difficult to pursue it. And I don’t think it has to be that

way. [ don’t think you have to work 100% of the time for the university, live
inside of the university building, and in order to get the experience that you need
to hold a PhD... but if you’re someone that has a family and has a job, and things
go along with that like a house, it’s extremely difficult to find a structure that fits
that.
The increased time necessary for independent research and dissertation writing are
usually more than a full time employee can successfully manage. Engineers already out
in the workforce are left with only one option, leaving their job to attend graduate school.
This is a sizeable sacrifice that many are not willing or able to make. Thus, advanced
education at the master’s level is possible for many working engineers, but doctoral-level
education is oftentimes not viable.

Quality of life. Engineers spoke about the weight of their personal financial
obligations. Many engineers had mortgages, car payments, and other financial
responsibilities. Others planned to make large purchases and life decisions upon

graduation. Many engineers had plans to start families or already had families to support.
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These financial commitments limited the possibility of advanced education because many
engineers would have to drastically change their lifestyle to continue on with their
engineering education. Engineers hit by the recession or by company downsizing were
more open to reevaluating their career goals and starting over by acquiring more
education.

Engineers also spoke of more intangible types of influences regarding their
quality of life that weighed on their decision to earn an advanced education. Many
engineers were looking forward to the freedom a career would offer after spending
several grueling years putting in long hours at their engineering school. They looked
forward to enjoying the fruits of their labor and living a more balanced life that included
reconnecting with hobbies and spending time with family and friends. They were excited
to work a set number of hours, which would allow them to “have a social life” spending
time with friends and enjoying their life. Many engineers were simply ready for the next
chapter of their lives to begin. They were eager to “move on” and not “put your life on
hold” by completing more school. Engineers in the work force or those planning to enter
it viewed the incentives of the working life as something they looked forward to and
would find very hard to give up. Engineers saw graduate education as limiting their life in
terms of their time and money.

Nature of work misperceptions. One of the most clear themes from the
qualitative data were that undergraduate engineering students’ perceptions of doctoral-
level engineering work was much different than the work described by engineering PhDs.
Doctoral-level engineers see themselves as leaders who have a great deal of responsibility

in managing people and projects as well as pressure to be accountable for their work.
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They were working in “high impact jobs.” Engineers with advanced education spend a
lot of time on research-based projects where they were making “original contributions”
and “pushing the envelope” of the current knowledge base. These engineers were
conducting important and novel work that they viewed as “interesting” and “stimulating.”
Engineers of this level considered themselves deep thinkers who were innovative and
took “entire fields to new places.” These engineers could not only solve problems but
also define the problems that would be tackled in the future. They utilized their “broad
perspective” from their advanced education to conduct true “scientific discovery.” There
was a prestige factor with this highest level engineer. Many felt that these engineers had
“status” and were important because they were at the “top of their field.” A final
characteristic of PhD-level engineering work was that it was deemed as more flexible in
terms of time and also in the level of freedom to work in a self-directed fashion.

However, undergraduate students had a much different perception of doctoral-
level engineering work. On one hand, Bachelors-level engineers believe that they “can do
anything” with their degree. They believe their employer will invest in them and teach
them the necessary skills to thrive in the workplace. On-the-job training and professional
licensure (for some engineering fields) is perceived as more valued than advanced
education. These engineers do not understand why a company would hire someone with
more education to do the same work they could do. One student describes this belief,
“Why would you pay someone twice what you could pay a fresh college student if they
can do that same job?”

On the other hand, undergraduates saw doctoral-level work as “not real

engineering” being so advanced and “theoretical,” that engineers with PhDs were seen as
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detached and unable to “relate to the real world.” Engineers with doctoral degrees were
seen to have limited job prospects because of their increased specialization by
Bachelor’s-level engineers, although PhD engineers did not see specialization as a
negative circumstance. PhD engineers explained how they were highly sought after for
their skills. One engineer revealed his personal experience of finding a niche, “There
were two companies that were very interested in hiring me...I happened to be one of the
very few specialized people in the world....Specialization helped me fit into a niche that
was in demand.” Certain types of careers, such as those in research and development,
necessitate doctoral-level education. In these instances, the only way to obtain such a job
is by earning a PhD. As one PhD student summarized, “The PhD gets you places that you
have no hopes of getting to with a master’s degree.” Therefore, the PhD degree may
limit your career prospects for more basic or standard positions, but it “focuses your
career opportunities” to the types of positions that would be most desirable to these
candidates.
Environment

The two types of environmental influences on interest in the engineering PhD
found in this study were the undergraduate education environment and interpersonal
environments.

Undergraduate educational environment. Comments about the educational
environment centered on the undergraduate engineering experience: overwhelming work
load and demanding and difficult curriculum, both significant detractors from interest in

pursuing a PhD. Institutional programs and services encouraging graduate school have a
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positive effect on increasing interest in the engineering PhD, but the absence of these
kinds of programs has a negative effect.

Work load and curriculum. The work load of undergraduate engineering students
is perceived as difficult and time consuming. Students shared their frustrations with the
volume of work they had to do and the time commitment it takes to be an engineering
student. Yet their complaining was also laced with a sense of pride in learning how to be
successful in such a demanding environment.

Each semester, it’s always the hope, is it going to get easier? Is it going to get

easier? I don’t know, just, for me each step, each semester, it’s just harder and

harder and harder, but I guess, [ mean, you get used to it. It doesn’t get easier, you
just get used to it as you go. You just learn to love the pain.
Many students, however, expressed the consequence of such a demanding work load was
burn-out; they just wanted to be done with school and “have a life.”

The educational environment also includes references to the curriculum and
pedagogy of engineering programs. Some students voiced concerns about having to wait
to begin courses in their major until their Junior or Senior year. “I think that they don’t
immerse you in engineering soon enough.” Students who experienced this delayed
engineering instruction were often frustrated by the long time period for non-engineering
core courses, and therefore less interested in the engineering PhD. Other students,
however, spoke positively about the curriculum when they were engaged in engineering
projects early in their educational career.

A paradigm shift to a more learning-centered and interactive curriculum was mentioned

by faculty at several institutions, most notably with a focus on a problem-based
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curriculum that teaches broad concepts and critical thinking. This approach seems to
encourage students to think about life-long learning and may have a positive effect on
interest in the engineering PhD.

Institutional programs and services. Institutional programs and services
encompass a broad array of both formal and informal activities designed to encourage
undergraduates to pursue a PhD in engineering. While not geared specifically at
encouraging advanced degrees, some institutions provide support services to help retain
their undergraduates, such as special tutors in the residence halls, test banks, and review
sessions. Students frequently commented on the accessibility of faculty (providing cell
phone numbers or being available via e-mail late at night) as an indication of the
institution’s commitment to their success. These programs have a positive effect on
minimizing feelings of burnout.

There are many ways in which institutions create opportunities to promote
graduate education: workshops, mentoring programs, and guest lecturers. Workshops
and classroom presentations about a variety of graduate school issues such as the impact
a graduate degree can have on your career, financing graduate school, the process of
applying to graduate school, are all informative. A mentoring program, where students
are paired with faculty or graduate students to learn about graduate school and career
possibilities is another example of an institutional program. Guest speakers who are
recent alumni or even peers who have participated in research experiences at other
campuses seem to have a great deal of credibility with undergraduate students. A doctoral
student recalled a dinner at his undergraduate institution as being a significant factor in

deciding to go to graduate school.
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They sort of gave this presentation of why you should go to graduate school and it
was this clear expectation of “you are qualified to go to graduate school. Here are
all the reasons why you should do it. Here’s what’s involved. Go do it.” ...But it

was really sort of beneficial to me to think, “oh well if they think I can do it, I'm

qualified, then maybe [ am. Why not?”

Formal programs, often federally funded, such as McNair, LSAMP and REUs,
provide a longer term, more structured and in-depth experience for students. The value of
these programs is clear, as one student stated “I was involved in the McNair program and
that really—from that program, I decided I was going to go to graduate school.”

Unfortunately, the lack of informal and formal programs and therefore the lack of
information about graduate school was frequently cited as a deterrent to advanced
education.

They don’t put a lot out there about the PhD program. [ know here, I don’t hear

much about it, but I’ve seen like one or two things on the wall, at that. It’s like a

small little poster...It’s an eight by ten paper that says, graduate programs or PhD

programs. It’s on the third floor. They really want us to get a job, so that’s kind of
where they’re focusing.
The absence of graduate preparation programs was noted by another undergraduate
student,

I was thinking it’s kind of interested how like, they have career fairs, and they

have industry coming and trying to take us into their companies, but we don’t

really have any grad schools coming in and saying ‘Come look into our program.’
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This is even more of a challenge on campuses where they have limited graduate
engineering programs, so undergraduates have fewer opportunities to interact with
graduate students in the lab, the classroom or other situations. The lack of exposure to
graduate school opportunities has to compete with the encouragement to obtain a high
paying position after completing a bachelor’s degree.

There are not a lot of researchers that we have been exposed to. Everyone that

comes to talk to us that we see even, I mean, minus professors, everyone’s in the

industry working, making bukoo bucks, which is a plus, but, yeah, I’'m definitely
swayed, I’'m a push over, I see that and there’s really nothing to compare it
against.

Interpersonal environment. Many people (family members, peers, those in
industry, professors and mentors, and the views of the broader public) influenced
engineers’ career paths and thus their educational interest. These individuals and groups
influenced engineering students and professionals in a variety of supportive and
obstructive ways, with various levels and types of influence.

Family and friends. Engineers considering advanced education were often
influenced by their family of origin (the family they grew up with) as well as by their
own families (for those who were married, had children, etc.) and by their friends, peers
and classmates. Students told of their engineering lineages as many had parents or other
relatives with engineering backgrounds. Engineers explained that they came from a “long
line of engineers” and that engineering “runs in my family.” Additionally, many parents
encouraged a bachelor’s degree in engineering for their children by steering them toward

this field by “planting this seed” and pushing them to “excel in school.” While



Interest in the Engineering PhD 118

undergraduate work in engineering was encouraged, graduate education was often openly
discouraged both by the parents and by the student’s partner and children due to the
financial pressures of supporting a family and paying off existing student loans.

Individuals from families with advanced educational attainment, whether in the
engineering field or in another field, were more likely to consider graduate education. As
one doctoral student described, “People who don’t know other people who have graduate
degrees are less likely to imaging themselves doing it, to want to do it, to think they’re
capable of it, or to see why it has any appeal.” Therefore, having familial role models
and being exposed to this environment appears to have an impact on whether a student
will continue on with higher education in engineering. The awareness of educational
opportunities may be less understood in minority households, particularly in first
generation families.

Students earning a bachelor’s degree in engineering typically had relatively few
friends or peers who had advanced education or were planning to pursue this. In the few
cases when this was true, engineers utilized these relationships to learn about different
graduate school programs, the professors, the curriculum and research requirements, and
the overall graduate school experience. Using these peer relationships, students were able
to make more informed decisions about graduate school.

Industry. Bachelors-level engineers intersected with industry professionals
through internships, co-op experiences, and in their careers. Based on the specific
experience, engineers were encouraged or discouraged from further education. In
situations where students or engineers interacted with professionals with master’s degrees

and doctorate degrees, advanced education was encouraged. Environments where
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“everybody there had PhDs” gave students reason to thoughtfully consider their long-
term career goals and the education necessary for such a position.

Conversely, in workplaces where students saw only bachelors-level engineers or
few individuals with a master’s or doctorate degrees, there was less support for and even
open discouragement of higher education. Where education was mentioned, it was
suggested that students begin their career and then start a graduate program so they could
specialize in “something more related to the company.” Others in industry have stated
that salary and promotions are based more heavily on longevity than on educational level.
As one industry professional described, advanced education “doesn’t change your grade,”
meaning that a worker with a graduate education would be at roughly the same level as
someone with a bachelor’s degree who worked for the company upon graduation.

Professors and mentors. Individuals with advanced engineering degrees often
described the sizeable impact professors had on their pursuit of additional engineering
education. The depth of this influence ranged from exposing students to the opportunities
afforded by a graduate education to truly engaging with and working alongside students
in a mentoring capacity. Faculty members described how they intentionally mentioned
graduate school as an option for their students. One faculty member purposefully
discussed graduate education with all students in her classes. “I talk to the entire
group...about graduate school what it can do, what it can’t do and I try to encourage
them to think beyond what their maybe preconceptions are.” Some faculty members
openly shared their “entire life story” or career path. A few faculty tried to spark interest
in advanced education by speaking about the value of advanced education in engineering.

One faculty member speaks to the merit in continuing engineering education, “I try to
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instill in my students, the importance of pursuing a higher education and hopefully
facilitate that as well.” Creating graduate school workshops explaining what graduate
school is, how students can receive funding, and the types of careers available with
advanced education are other ways faculty have disseminated information about
advanced engineering education. Some faculty members have actively pursued students
they see as having potential by questioning them about their future plans and career
aspirations. One PhD student described how she was repeatedly asked about her
educational plans, “I had a faculty member who grabbed me and said ‘why aren’t you
going for grad school?’” The ensuing discussion between this faculty member and
student answered many questions and unblocked some barriers she saw in attaining
advanced education and working in this type of career.

The most proactive faculty members demonstrated a passion for training the next
generation of engineers through mentoring. These faculty members not only asked
students if they were planning to advance their education but openly asked them to do so.
These faculty members made themselves available to their students and supported them.
Students paired with these types of mentors detailed how they believed their professors
were “invested in your life” and provided a helpful guiding influence. These professors
took time to “talk to students one-0n-one” and instill a sense of confidence in them. One
PhD student described the words shared by one of her faculty members regarding faith in
her abilities, “you’re capable, don’t be afraid...she gave me the wings to- told me, not
gave me, told me hey you have wings.” These hands-on faculty members invited
students to work with them on their research projects. It is not surprising then that

educators were considered influential in encouraging more students to continue their
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education up through the doctoral level. One student summarized, “I think the teachers
themselves are the best advocates for continuing to get a PhD.”

Societal views. Those with doctorate degrees in engineering as well as those still
pursuing their bachelor’s degree conjectured that there are cultural values that may
discourage individuals in pursuing a doctorate degree in engineering. There are several
pervasive views that the public holds about engineers and the engineering profession: no
one understands the work engineers do, engineering is viewed as a terminal degree, and
there is a lack of a national force driving students into engineering as there has been in
the past. What engineers of all levels do in their daily work or what they contribute to
society is not well understood. It is unlikely that people will pursue a career path they do
not understand or know exists.

Another message that is commonly part of the belief system regarding
engineering is that education beyond the bachelor’s degree is not necessary because you
can and should work as an engineer after earning a bachelor’s degree. Therefore,
graduate education in engineering is seen as a needless investment. An industry
professional with a PhD speculated that “education is more highly valued in other
cultures” where advanced education is considered normative. Another industry
professional cites our nation’s collective values as having a “focus on near term returns”
rather than a longer view. This can be exemplified by our students who “can’t wait to get
out of school so they can start earning money.”

Finally, there is not a national push to encourage engineering as an important
career. While some believe that there is prestige in being an engineer, many feel that

engineers are ‘“not viewed as glamorous or sexy.” A noble cause can be a powerful
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inspiration to pursue an engineering degree, but as one faculty member stated, “We don’t
have an Apollo.” The lack of a noble cause such as sending a man to the moon certainly
does not help to increase interest in the engineering PhD.

Personal Characteristics

Personal characteristics include the internal personal qualities that may prompt an
individual to be interested (or not) in pursuing a PhD in engineering. They can be
grouped into the following broad categories: Belief in self and interests and skills.

Belief in self. The belief in self theme encompassed two sub-categories: self-
efficacy and confidence, and motivation and initiative.

Confidence and self-efficacy. Concerns about their self-efficacy and confidence
in their academic abilities were expressed by undergraduates and doctoral students alike.
Many students questioned their intellect when considering graduate school. The PhD
appears “unreachable or unattainable...it seems too hard.” Undergraduates often
expressed concern in their ability not only to complete a doctoral program (the
dissertation is “intimidating”) but to even get admitted to a program (“I’m not smart
enough.”) Engineering faculty acknowledge this lack of confidence in their students, but
try to reassure them that they do not have to be a “genius” to get a PhD. One faculty
member, when encouraging a student, said,

If you remember what you were like as a freshman and what you’re like now as a

senior, how far has your ability to think transformed? That same type of

transformation will happen through the graduate program. So you don’t walk into

a PhD program being able to do PhD type of research. You gotta get there.

Faculty can provide opportunities for students to develop their self confidence by
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including undergraduates on their research team. One student, reflecting on his
undergraduate research experience explained,

Sometimes you put the faculty member stuff on a pedestal....But when you work

on someone’s project, collecting data or something, you see there’s tools I can

learn and | can apply them. And this could be a career path for me.
The master’s degree is another even more common vehicle for students to develop the
confidence to pursue a PhD. One doctoral student described his experience as a master’s
degree student, noting

| started taking the graduate level classes, and | had the sense that | can do this,

this is achievable. So | guess that it was the more exposure I had to graduate

school and the PhD, then the less intimidating it became.

Motivation and initiative. Motivation and initiative are other characteristics that
are associated with interest in obtaining a PhD degree. Doctoral students, engineering
faculty and industry PhDs commonly note that the ability to take initiative and be self
motivated are key to thriving in conducting independent research. One doctoral student
observed, “I think that makes you much more successful if you’re kind of self motivated
and you can do things without a lot of guidance once you kind of get the basics.” It
requires “persistence and tenacity” to navigate departmental politics, failed experiments
and other challenges inherent in doctoral education. As one doctoral student noted, self-
motivation and a strong work ethic were critical to her success in her doctoral program:
“I can say I’'m not here because I’m that much intelligent. ’'m a very hard worker and I
know if I wasn’t this hard working or patient, I wouldn’t be here, I wouldn’t have lasted

the first two years.” In order to overcome the long duration of a graduate program,
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students thought one needed a great deal of commitment to persist. One student stated,
“You definitely have to be passionate to be able to dedicate that many years of your life.”
Another student added, “You really, really have to want to do what you’re doing.”
Undergraduate students who feel uncomfortable taking initiative or who struggle to
motivate themselves are less likely to be drawn to an engineering PhD program.

Interests and skills. Interests and skills encompass three sub-themes: curiosity
and love of learning, interest in research or teaching, and problem solving.

Curiosity and love of learning. A curiosity and love of learning were personal
characteristics frequently cited by doctoral students, engineering faculty and engineering
PhDs working in industry as fostering interest in advanced education. One faculty
member commented that “some people really love to learn. I’ve been told by some
people, they say ‘I could go to school my entire life’, and those are the types of people
that get PhD’s. They just love to learn.” A doctoral student summed up her motivation to
get a PhD as, “I just see it [the PhD] as the license to always learn. The license for
perpetual learning.” Many faculty look for this quality when deciding who to encourage
to consider graduate school:

I can kind of tell, particularly if they do undergraduate research...whether they’re

kind of going through the motions to get it on their resume or it’s like they’re

curious, and the ones that are curious, that’s the ones that I say, ‘You know, you
really need to, to think about this [the PhD].’

Often the desire to know things on a deeper level is coupled with a passion for
research and/or teaching. This passion becomes the fuel that propels them through a

doctoral program. Undergraduates are aware that passion is a key ingredient to a
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successful doctoral program, but they often have not found anything to be passionate
aboult.

Interest in research and teaching. An interest in research and/or teaching was
often cited as a reason someone did or might want to pursue a PhD in engineering.
Undergraduates, for the most part, have limited exposure to research or teaching
experiences. Working with a faculty mentor helps to provide exposure to the possibilities
of a career in research more in depth. The opportunities to gain experience teaching are
even more limited for undergraduates, typically taking the form of informal
opportunities, such as tutoring and leading study groups. Often times it is teaching or
research experience at the master’s level that illuminates an interest in doing that kind of
work. For one faculty member, covering a singular lecture for his advisor was a defining
moment. He realized that “once I got in the classroom I was hooked” and he abandoned
his plans to return to industry and pursued a PhD and an academic career.

Problem solving. Engineers at all levels acknowledge that an interest and aptitude
for problem solving is a common and necessary trait for engineers. They enjoy the
challenge of finding creative solutions that require out-of-the-box thinking to implement.
One person commented, “typically people who go into engineering want to solve
problems.” A distinguishing characteristic between Bachelor’s level and doctoral level
problem solving is that Bachelor’s level problems are most likely presented to them to
solve. Doctoral level problem solving, on the other hand, often have to be discovered and
rely on deeper and more complex solutions. An engineering faculty member observed
that “you’ve got to learn how to go out and find the problems, not just solve the problem

that somebody presents to you.”
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Reflection and Career Alignment

Reflection and career alignment are the methods engineers use to process and
make meaning out of their exposure to the factors that influence interest in the
engineering PhD: personal characteristics (who they are); environment (where they are
physically and socially); and misperceptions (what they believe). These factors actively
intersect through the value system of the individual engineer to produce a trajectory,
encouraging or discouraging interest in the engineering PhD.

Developmental maturity, or knowing yourself well enough to know what it is that
you really want to do, is a critical element in this stage of the theory. Many students
chose engineering as an undergraduate major because they like math and science,
problem solving, figuring out how things work and building things. Frequently they have
been encouraged to pursue engineering by a family member or other mentor. Often it is
selected as a major and career path without a great deal of thought or consideration. It
just seems like the thing to do given their interests. This common experience is
exemplified by this undergraduate student’s experience: “I’m not even entirely sure why |
went to a college of engineering except my guidance counselor said you’re good at math
and science. You should be an engineer. I had no idea what that meant.” This lack of self-
awareness and developmental maturity makes it difficult for many undergraduate
engineering students to even begin to consider the PhD.

While students may select engineering as an undergraduate major without fully
understanding the nature of what they will be doing, the decision to pursue a PhD in
engineering requires more maturity and self-awareness. Many of the doctoral students,

faculty and PhDs working in industry experienced a sense of boredom with bachelors-
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level work and realized that they had deeper interests and were willing to pursue those in
spite of any financial or opportunity costs. One faculty member shared that “it took
several years of maturing and growing old and to realize that I can’t do that [work at a
boring job] my whole life.” Sometimes undergraduates have this realization through their
internship or co-op experiences. As one undergraduate student noted, “the internship I
had this summer, I loved the money, and loved the days off, but I really didn’t care for
the work I did. It wasn’t challenging enough.” More frequently, the sense of boredom
with mundane work emerges with more experience, as it did for this faculty member. “It
really took a couple of years, two or three years, for me being in the workplace to realize
that learning and studying and taking exams is actually very stimulating compared to
working in industry.”

In many ways, engineers approach the reflection process and finding career
alignment as they do their “homeworks” — systematically and methodically. Either
figuratively or literally, they assign different values or coefficients to the factors in a way
that is consistent with his or her own personal value system to critically evaluate the
benefits and costs associated with advanced education. Just as each student has unique
values and goals, the “equations” reflect the context of the individual. So what may be
seen as a barrier by one student may not be an issue for another. Likewise, what would
encourage one student may not have an impact on another.

Within the context of their assigned values, engineers consider their cumulative
level of exposure and engagement to the salient factors. In general, high levels of
exposure and active engagement with the factors leads to a serious consideration of or

interest in the PhD; whereas low levels of exposure and engagement result in maintaining
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a lack of consideration of and interest in earning a PhD in engineering. However, if
particular elements are especially salient to a person, it may take only one or two factors
to create interest. So it is not only the amount but the importance of the factors for the
engineers that is critical to interest in doctoral-level engineering education.

Experiences and interactions that occur before undergraduates have deeply
committed to a career path towards a high paying job can be very beneficial. However,
later interventions can also be successful in fostering interest in the PhD as engineers
reconsider their future. In many cases, a period of time for reflection is needed for the
individual to process his or her experiences and begin to consider the PhD as a potential
path.

Engineering Interest

The outcome of this model is the level of interest in the engineering PhD degree.
Interest in the engineering PhD has already been described as the non-normative path, yet
it is a necessary precursor to active consideration and making the decision to purse an
engineering PhD. One could conceptualize the outcome of this model as the first stage in
a model to describe increased enrollments in engineering PhD programs.

The default setting for most undergraduate engineering students is a lack of
interest in the engineering PhD. This is the status quo. Engineers with a lack of interest
are not actively thinking about the pursuit of advanced education. They may not have
considered all the factors thoroughly or they may not value such an investment in their
life at this time. It is possible for engineers with a lack of interest in the engineering PhD
to experience some kind of dissonance with their career choice and reenter the model and

actively reconsider their interest in the PhD by reentering the strategies stage. For
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example, an engineer could have gone into the workforce after graduation and realized
through her experiences at work that she wanted a different career that necessitates
advanced education. So although the model focuses on the undergraduate engineering
experience, it does take into account post-graduate reconsideration.
Hypotheses for Examining Interest in the Engineering PhD

Based on the analysis of the qualitative data the following hypotheses are offered
to interconnect the categories of the theory.

1. Misperceptions regarding the nature of PhD-level engineering work are
negatively related to interest in the engineering PhD.

2. Misperceptions regarding the costs of obtaining an engineering PhD are
negatively related to interest in the engineering PhD.

3. Supportive educational environments are positively related to interest in the
engineering PhD; discouraging environments are negatively related to interest in
the engineering PhD.

4. Supportive interpersonal relationships are positively related to interest in the
engineering PhD; discouraging relationships are negatively related to interest in
the engineering PhD.

5. Self-confidence is positively related to interest in the engineering PhD.

6. Interest in research, teaching or life-long learning is positively related to interest

in the engineering PhD.
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Phase I11: Quantitative Results

The quantitative results span the exploratory factor analysis, confirmatory factor

analysis and substantive analysis conducted for this study. These analyses address the

following research questions:

1.

6.

What is the factor structure of the instrument, as determined from a sub-set of the

available cases (n=300)?

. What are the reliability measures for the factors retained by the EFA? Which

items detract from the reliability of the scores from each factor?

Is the factor structure of the instrument validated and retained by the remaining
cases (n=604)?

Which factors retained by the EFA and confirmed by the CFA are significantly
related to interest in pursuing a PhD in engineering?

a. H, = There is no relationship between the factor scale scores and interest
in the engineering PhD.

What additional characteristics and experiences are significantly related to interest
in pursuing a PhD in engineering? (e.g. engineering experiences, institution type,
minority status, gender, socio-economic status, and whether someone important to
the student had earned a PhD)

a. H, = There is no relationship between the engineering experiences,
institution type, minority status, gender, socio-economic status, and
whether or not someone important to the student had earned a PhD and
interest in the engineering PhD.

Does the instrument discriminate between undergraduates (novice) and PhD

students/recent PhD alumni (experts)?
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The EFA and CFA analyses were conducted using the responses to the following scale

items from the EEII survey:
Personal Characteristics (PC).

1. I am anaturally curious person.

2. lam intimidated by the thought of writing a dissertation.

3. I consider myself a good problem solver.

4. | am smart enough to complete a PhD.

5. I love to learn new things.

6. My GPA is good enough to get admitted to a PhD program.

7. 1 know how to motivate myself to get things done.

8. I have clear career goals.

9. | feel confident in my academic abilities.

10. I have had enough experience to know what kind of work | want to do.
Educational Environment (EE).

11. | feel burned out by the amount of work required by the undergraduate engineering
curriculum.

12. I have had a lot of experience with problem solving in my engineering classes.

13. Engineering clubs/organizations are helpful in finding career information.

14. My undergraduate program is geared towards helping me get a good job after
graduation.

15. Graduate school classes focus more on specific topics than undergraduate classes.

16. I think earning a PhD is even harder than earning a bachelor’s degree in engineering.

17. My classes have helped me to develop my critical thinking skills.
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19.
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There are opportunities to conduct research in my undergraduate program.

| know what it would take to get admitted to a PhD program.

No one at my undergraduate program ever talked about earning a PhD as a
possibility.

The amount of time | would have to put into a PhD would be overwhelming for me.
In general, engineering courses provide a lot of “hands on” experience.

My undergraduate program includes seminars/workshops about graduate school.
Resources and support in finding an internship/co-op are readily available at my
undergraduate program.

Graduate school classes are just like undergraduate classes, only a lot more work.
Interpersonal Environment (IE).

My family would support me pursuing a PhD in engineering.

| believe engineers with PhDs are essential for the future of our society.

My family encouraged me to pursue a bachelor’s degree in engineering.

My peers are more interested in getting a good job than earning a PhD.

| know people who are pursuing or have a PhD in engineering.

Family responsibilities would make it difficult for me to pursue a PhD in engineering.
Not many of my friends are thinking about earning a PhD.

| think engineering is a prestigious career regardless of the educational level.

I have worked closely with a professor on a research project.

Professors have described the importance of the PhD in the engineering field.

In general, engineers in industry encourage earning a PhD in engineering.

A Professional Engineering license is more valued by industry than a PhD.
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Professors have discussed earning a PhD as an option in one or more of my classes.
On the job training is more important than a PhD in terms of career opportunities.
A professor has taken interest in my future plans or career aspirations.

A professor has shared his/her career path with me.

There are few engineers who have earned a PhD working in industry.

Professors in my undergraduate program encouraged me to pursue a PhD in
engineering.

Engineering Work (EW).

The only thing you can do with a PhD in engineering is become a professor.
Earning a PhD in engineering would reduce my employment opportunities.

I understand the kind of work that engineers with PhDs do.

For me, engineers with PhDs do not do “real” engineering work.

In order to get a good job | need to continue my education beyond a bachelor’s
degree.

| think engineers with a PhD mainly do theoretical research and development.

A bachelor’s degree in engineering is all that I need to get any job I want.

| believe engineers with a PhD are innovative thinkers.

A PhD may be the only way for a person to obtain the specific career he/she desires.
Engineers with a PhD have more freedom to choose the projects they work on.

| think people with a PhD in engineering are overqualified for most engineering jobs.
Engineers with a PhD are highly sought after for their skills in certain specialized
fields.

PhD level engineering work is interesting and stimulating.
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I can do the same kind of work with a bachelor’s degree that an engineer with a PhD
can do.

Earning a PhD in engineering would limit my career possibilities to a few specialized
positions.

Economic and Personal Costs (EPC).

| would need to take out loans to pay for a PhD.

| would be willing to make less money in the short term in order to work in a career |
find rewarding.

| am aware of the funding opportunities such as fellowships and assistantships that
pay for PhD programs.

Balancing school, work and family time would be a factor in considering a PhD.

| think PhD programs are expensive.

I would delay taking a good job in order to get the education necessary for the career
| want.

I think it would be financially difficult to start a family while working towards a PhD.
I would be unable to make a major purchase (such as a car or house) if | were a full-
time graduate student.

The debt I have incurred for my bachelor’s degree is a consideration in whether I
would pursue a PhD.

. A PhD in engineering seems like a needless investment to me.

. I would consider graduate school if my employer paid for it.

. I could work full-time while earning a PhD part-time.

. I would have to continue to put my life on hold if I pursued a PhD.
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72. 1 would have to give up having fun and having a social life if | worked towards a
PhD.

Exploratory factor analysis (EFA). An exploratory factor analysis was
conducted to establish the factor structure of the EEII.

Factorability of the correlation matrix. Kaiser-Meyer-Olkin (KMO) is a measure
of sampling adequacy. Using the criteria of KMO values above 0.6 as recommended by
Fabringer, Wegener, MacCallum, and Stahan (1999), both the original 5-factor/72-item
EFA (KMO = .767) and the final 4-factor/23-item EFA (KMO = .789) had satisfactory
levels of sampling adequacy.

Criteria for factor retention. Initially a 5-factor solution (FA/VARIMAX) was
selected because the EEII was based on 5 hypothesized factors from the grounded theory.
Appendix J shows the results from this EFA. As shown in Figure 10, using the criteria of
Eigenvalues over 1, there were 20 statistical factors identified. Using the criteria of
Eigenvalues over 2, there were seven statistical factors identified. Using the criteria of
Eigenvalues over 3, there were 4 statistical factors identified. Because the 5" factor had
relatively low loadings, a 4-factor solution (using Eigenvalues above 3) seemed to make

statistical sense.
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Figure 10: EFA Scree Plot of
Eigenvalues over 1.0
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In addition to having relatively low factor loadings, the fifth factor was also
lacking theoretical coherence as it contained unrelated items from 4 of the 5 hypothesized
factors. The other factors were also examined for theoretical relevance. It appeared that
the factor IE (interpersonal environment) had broken apart and the “people” referred to in
the items drove the item loadings on other factors: faculty loaded with EE (educational
environment), family with PC (personal characteristics), and employers/coworkers with
EW (engineering work).

Based on both the statistical and theoretical information, the EFA was run with 4-
factor solution (FA/VARIMAX). Appendix K shows the results from this EFA. The 4-
factor solution seemed to be appropriate on both the statistical and theoretical levels, so
the 4-factor model was further refined through item deletion.

Criteria for item retention. Additional EFAs (FA/PROMAX) were conducted to
further refine the factor structure of the instrument. Item communalities, factor loading
and cross-loadings were considered when selecting items for possible deletion. Items

with communalities below .40 (Costello & Osborne, 2005), loadings of less than .32 or
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cross-loadings larger than .32 (Tabachnick & Fidell, 2001) were considered for deletion.
Appendix L contains a table of the items deleted, noting which round of the EFA they
were deleted, the statistical reason for the deletion (low item communality, low loading,
or cross-loadings) and the theoretical reason for the deletion, if there was one. Of the 49
items deleted, 19 simply performed poorly and did not provide any useful information.
However, there were some trends in the theoretical problems with the remaining 30 items
that were deleted. Table 12 highlights some of these trends.

Table 12: Theoretical Rationales for Item Deletions

Theoretical Rationale ltem

confusing wording EE10: No one at my undergraduate program ever talked about
earning a PhD as a possibility.

not relevant IE6: Family responsibilities would make it difficult for me to
pursue a PhD in engineering.

pseudo double barreled EE9: | know what it would take to get admitted to a PhD
program.
IE1: My family would support me pursuing a PhD in engineering.
speculation EPC2: | would be willing to make less money in the short term in

order to work in a career | find rewarding.

wrong section IEQ: | have worked closely with a professor on a research
project.
IE5: I know people who are pursuing or have a PhD in
engineering.

not a big topic in qual data IE4: My peers are more interested in getting a good job than

earning a PhD.

EE3: Engineering clubs/organizations are helpful in finding
career information.

IE12: A Professional Engineering license is more valued by
industry than a PhD.

big topic in qual data that just EW14: | can do the same kind of work with a bachelor’s degree
performed poorly that an engineer with a PhD can do.
EPC13: | would have to continue to put my life on hold if |
pursued a PhD.

mod indicies EW2: Earning a PhD in engineering would reduce my
employment opportunities.
PC1: | am a naturally curious person.
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Some items were deleted due to confusing wording (“no one ever”) or lack of relevance
to traditional undergraduate engineering students. Other items seemed to be pseudo-
double barreled in that they could be interpreted in different ways, so they tended to
cross-load. Items that required students to speculate on what they might do tended to
perform poorly and were deleted. A few items were judged to be in the wrong section, as
they were replicating items in the engineering or demographic experience sections. Some
items were deleted because they were not strong topics in the qualitative data, so their
poor performance was not surprising. One item in particular regarding the Professional
Engineering license was retained through several rounds of the EFA despite its poor
performance. This item was added during the review of the instrument by undergraduate
students, but simply never had a strong enough loading to justify its retention. Other
items were deleted that were strong topics in the qualitative data, but their poor
performance could not be improved, even though they were retained through several
rounds.

After three rounds of EFA analyses, preliminary CFA analyses were conducted
for additional information provided in the modification indicies. Two items had
significant correlations with other items in their respective factor, and since the content of
the items was very similar, these items were deleted. A sixth and final EFA containing 23
items was conducted, and the results from the factor matrix are reported in Table 13. The
total variance explained of 30.427 in the original 5-factor/72-item model was improved to

50.575 in the final 4-factor model. Appendix M contains the complete validated EEII.
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Table 13: EFA Rotated Factor Matrix (4-factor Solution, 23 items)

Cumulative Variance Explained: 50.575 Engineer  Personal  Econ & Ed
Work Character Personal Environ
Costs

EW15: Earning a PhD in engineering would limit my 0.73
career possibilities to a few specialized positions.

EW4: For me, engineers with PhDs do not do “real” 0.65
engineering work.
EW1: The only thing you can do with a PhD in 0.63

engineering is become a professor.

EW11: | think people with a PhD in engineering are for  0.61

most engineering jobs.

EWG:| think engineers with a PhD mainly do theoretical 0.51

research and development.

IE17: There are few engineers who have earned a 0.42

PhD working in industry.

IE14: On the job training is more important than a PhD  0.35

in terms of career opportunities.

PC9: | feel confident in my academic abilities. 0.74

PC4:1 am smart enough to complete a PhD. 0.73

PC3: | consider myself a good problem solver. 0.68

PC6: My GPA is good enough to get admitted to a PhD 0.61

program.

PCS5: | love to learn new things. 0.42

EPC1: | would need to take out loans to pay for a 0.80

PhD.

EPCS5: | think PhD programs are expensive. 0.76

EPCY7: | think it would be financially difficult to start a 0.70

family while working towards a PhD.

EPCS8: | would be unable to make a major purchase 0.58

(such as a car or house) if | were a full-time graduate

student.

EPC9:The debt | have incurred for my bachelor’s 0.53

degree is a consideration in whether | would pursue a

PhD.

EPC4:Balancing school, work and family time would be 0.42

a factor in considering a PhD.

IE10: Professors have described the importance of the 0.76
PhD in the engineering field.

IE18: Professors in my undergraduate program 0.71
encouraged me to pursue a PhD in engineering.

IE13: Professors have discussed earning a PhD as an 0.68
option in one or more of my classes.

IE15: A professor has taken interest in my future plans 0.56
or career aspirations.

EE13 :My undergraduate program includes 0.43
seminars/workshops about graduate school.

Extraction Method: Principal Axis Factoring.
Rotation Method: Oblimin with Kaiser Normalization.
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Reliability analysis. To establish the reliability of the instrument the Cronbach’s
Alpha if item deleted was reviewed for each factor as retained by the EFA procedure. As
show in Table 14, all factors had Cronbach’s alpha values above .7, which is considered
to be adequate, as suggested by George and Mallery (2003). Only two items had alpha-if-
deleted values above the factor alpha value, but the increase was negligible and the items’
content was relevant to the theoretical structure of the instrument. Therefore no items
were deleted based on review of the reliability of the scores.

Table 14: EFA Factor Reliability Measures

Scale Mean if Scale Variance Corrected Cronbach's

Iltem Deleted if tem Deleted Item-Total Alpha if Item
EE Cronbach's Alpha: .783 Correlation Deleted
IE13 15.15 14.607 .623 720
IE18 14.86 14.532 .676 .704
IE10 14.70 15.257 .642 .718
IE15 15.45 14.510 511 .763
EE13 15.40 17.189 374 .798
EPC Cronbach's Alpha: .783
EPC1 11.71 17.753 .646 719
EPCS8 11.82 20.525 524 .753
EPC5 11.67 19.462 .621 .730
EPCY7 12.02 21.354 .530 .755
EPC9 11.17 16.860 .533 .763
EPC4 11.93 21.842 407 J77
PC Cronbach's Alpha: .736
PC3 8.33 8.851 495 .701
PC9 8.11 7.563 .643 .641
PC5 8.66 9.590 .364 737
PC4 7.98 6.780 .623 .637
PC6 7.49 6.006 .505 723
EE Cronbach's Alpha: .761
EW15 20.09 21.146 527 721
EW11 20.44 22.316 AT72 733
EW6 20.84 22.751 487 .730
EwW1 19.36 20.668 .573 710
IE17 20.39 23.857 .346 .759
EwW4 19.42 21.963 .525 722

IE14 21.12 23.660 422 743
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Confirmatory factor analysis (CFA). The following fit indices (Table 15) using
MLR were obtained when evaluating model fit of the CFA:

Table 15: CFA Test of Model Fit (MLR)

Result
Chi-Square value 562.024
Degrees of Freedom 224
Chi-Square P-Value 0.0000
CFlI .90
TLI .89
RMSEA .05
SRMR .05

Although the chi-square value was significant, its sensitivity to sample size lessens the
importance of this particular test of model fit in relation to the other goodness-of-fit
measures (Bryne, 2001). Newcomb’s (1994) “real-world” approach of accepting a model
in which the chi-square value is less than twice the degrees of freedom also did not
demonstrate good fit. The remaining tests, CFl, TLI, RMSEA and SRMR all
demonstrated good fit. The combination of these results indicated that the 4-factor/23-
item model adequately fit the data.

Discriminant validity. Three tests were used to examine the discriminant validity
of the EEII. As suggested by Anderson and Gerbing (1988) a nested model approach
using maximum likelihood estimators (ML) was conducted in order to perform a chi-
square difference test between the 4-factor model suggested by the EFA and other
possible factor structures. Three 2-factor models were created by combining the four
individual factors into different parings. Each 2-factor model was tested independently so
that their results would not be influenced or obscured by the other 2-factor models. The

results of the chi-square difference tests are shown in Table 16.
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Table 16: CFA Chi-square Difference Test (ML)

Chi-square Degrees of Chi-square DF P Value
Value Freedom difference difference
from 4-factor from 4-factor
model model
(594.770) (224)
2-factor solution 1834.588 229 1239.818 5 <.01
(EE&EW;
EPC&PC)
2-factor solution 1862.691 229 1267.921 5 <.01
(EE&EPC;
EW&PC)
2-factor solution 1766.809 229 1172.039 5 <.01
(EE&PC;
EW&EPC)

The significant P values of all three tests provide evidence of discriminant validity of the
4-factor model from each of the possible 2-factor solutions.

The correlation matrix between factors (Table 17) was also examined for
evidence of discriminant validity.

Table 17: Correlation Matrix between Factors

EE EPC PC EW
EE 1
EPC -0.357 1
PC 0.285 -0.293 1
EW -0.234 0.288 -0.260 1

The relatively low correlations between factors (.234 - .357) provided additional evidence
of discriminant validity (Bagozzi & Yi, 1988; Kline, 2005).

Finally, the 95% confidence interval around the correlation estimate between two
factors was reviewed as suggested by Anderson and Gerbing (1988) and Bagozzi, Yi, and

Phillips (1991). The results are presented in Table 18.
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Table 18: Correlation Estimates between Factors

Cl lower Cl upper
EPC WITH EE -0.455 -0.259
PC WITH EE 0.185 0.385
PC WITH EPC -0.393 -0.193
EW WITH EE -0.340 -0.128
EW WITH EPC 0.182 0.394
EW WITH PC -0.370 -0.150

The correlation estimates provide additional evidence of discriminant validity since the
95% confidence interval did not include 1.0.

The consistent evidence for discriminant validity provided by all three approaches
(Chi-square difference tests, factor correlations, and 95% confidence intervals of factor
correlations) provides adequate evidence for the discriminant validity of the factors
within the EEII.

Significant predictors. The substantive value of the EEII is its ability to measure
the hypothesized factors from the grounded theory and the utility of that measurement to
informing strategies for increasing domestic student enrollment in doctoral engineering
programs. The outcome of this study is interest in the engineering PhD. Two items from
the EEII were used to measure this outcome:

What degree(s) do you PLAN to pursue/complete?

Master’s degree in engineering field

Doctorate or PhD in engineering field

MBA

Master’s degree in other field (not engineering or business)

Doctorate or PhD in other field

Other advanced degree (law, medicine, etc.)
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None of the above
How likely are you to pursue a PhD in engineering?

Very likely

Somewhat likely

Somewhat unlikely

Very unlikely
Because it was reasonable to believe that there would be interactions among these
independent variables, a single regression model was built for each of the outcome
variables (PhDPlan and PhDLikely). PhDPlan was a dichotomous variable, so a logistic
regression model was used for this outcome variable. PhDLikely was a categorical
variable, so a linear regression model was used for this outcome variable.

Based on hypotheses generated from the qualitative data, it would be reasonable
to expect that a supportive educational environment that encourages consideration of the
engineering PhD and personal characteristics such as a desire to be a life-long learner and
an interest in the process of scientific discovery would have a positive relationship with
higher levels of interest in engineering PhD programs; Misperceptions about the
economic and personal costs associated doctoral education and the nature of doctoral-
level work would have a negative relationship with higher levels of interest in
engineering PhD programs. The null hypothesis to test these relationships was:

Ho = There is no relationship between the factor scale scores and interest in the

engineering PhD (both PhDPIlan and PhDL.ikely).

It was clear from the qualitative data interest in the engineering PhD was

influenced not only by the hypothesized factors, but also individual characteristics such
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as gender, race and ethnicity, socio-economic status, whether someone important to the

student (e.g. parent) had earned a PhD, and a variety of experiences, such as conducting

undergraduate research, teaching experience and engaging in graduate school preparation

activities. The nature and direction of the relationship of these characteristics with

interest in the engineering PhD was not clear. The following demographic items were

used as additional independent variables as possible predictors of interest in the

engineering PhD:

Expl Workshop: | have attended a graduate school workshop.

Exp2 PrepProg: | have participated in a graduate school preparation program, such as
McNair, LSAMP, REU or others.

Exp3 Research: | have participated in undergraduate research.

Exp4 CoOp: | have participated in an engineering internship or co-op.

Exp5 TeachAsst: | have worked as an undergraduate teaching assistant.

Exp6 LedStudyGrp: | have lead study groups.

Exp7 Tutored: | have tutored others formally or informally.

Exp8 Grading: | have assisted with grading.

Exp9 GradFair: | have attended a graduate school fair to meet recruiters or professors
from graduate programs.

Expl0 Interact: | have interacted with engineering graduate students.

KnowPhD: Combined these two items:

What is the highest level of education completed by your parents or guardians?
Some high school

High school graduate
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Some college
Two-year college degree
Four-year college degree
Some graduate or professional school
Graduate or professional degree
Doctorate or PhD
Growing up, was there anyone important to you who had earned a PhD in any field?
Yes
No
Gender: What is your gender?
Male
Female
Transgender
Minority: Combined these two items:
Are you Hispanic/Latino?
No, not Hispanic/Latino
Yes, Hispanic/Latino
Race (choose one or more, regardless of ethnicity status selected above)++
American Indian or Alaska Native
Asian
Black or African American
Native Hawaiian or Other Pacific Islander

White
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PellGrant: Have you ever been eligible for a federal Pell Grant?
Yes
No
Don’t Know
SiteType: Does the respondent’s institution offer a PhD in engineering? (coded by
research team based on student institution)
Yes
No
The null hypothesis to test these relationships was:
Ho = There is no relationship between the engineering experiences, institution
type, minority status, gender, socio-economic status, and whether someone
important to the student had earned a PhD and interest in the engineering PhD

(both PhDPlan and PhDL.ikely).
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The results are presented in Table 19 and Table 20:

Table 19: Logistic Regression Results for PhDPlan

Variables B S.E. Wald df Sig. Exp(B)
Educational Environment -.239 127 3.543 1 .060 787
Economic Personal Costs .501 133  14.097 1 .000 1.650
Personal Characteristics -.839 .207 16.384 1 .000 432
Engineering Work .544 154  12.470 1 .000 1.723
Expl Workshop -.027 .290 .009 1 .926 973
Exp2 PrepProg -.143 442 .105 1 746 .867
Exp3 Research .184 .245 .564 1 452 1.202
Exp4 CoOp -.544 241  5.098 1 024 581
Exp5 TeachAsst -.257 .397 419 1 .518 773
Exp6 LedStudyGrp .335 245  1.872 1 A71 1.398
Exp7 Tutored .374 433 747 1 .388 1.454
Exp8 Grading -.076 .310 .060 1 .807 .927
Exp9 GradFair 1.101 .269 16.709 1 .000 3.007
Exp10 Interact -.067 .320 .043 1 .835 .935
Gender 217 .257 .716 1 .397 1.242
Minority .301 .330 .832 1 .362 1.351
PellGrant 431 244 3.119 1 077 1.538
KnowPhD 577 237 5.913 1 .015 1.780
SiteType -.022 .250 .007 1 931 979
Constant -3.598 1.107 10.561 1 .001 .027

Table 20: Linear Regression Results for PhDLikely

Unstd. Unstd. Std.

Variables B Std. Error Beta t Sig.

(Constant) 3.297 0.269 12.276 0.00
Educational Environment 0.098 0.033 0.098 2.961 0.003
Economic Personal Costs -0.149 0.036 -0.136 -4.139 0.000
Personal Characteristics 0.299 0.045 0.212 6.679 0.000
Engineering Work -0.192 0.038 -0.157 -5.126 0.000
Expl Workshop -0.045 0.085 -0.018 -0.532 0.595
Exp2 PrepProg -0.384 0.143 -0.086 -2.684 0.007
Exp3 Research -0.048 0.063 -0.025 -0.767 0.444
Exp4 CoOp 0.149 0.062 0.077 2.383 0.017
Exp5 TeachAsst 0.122 0.108 0.038 1.131 0.258
Exp6 LedStudyGrp -0.113 0.061 -0.059 -1.864 0.063
Exp7 Tutored -0.114 0.084 -0.043 -1.357 0.175
Exp8 Grading -0.085 0.083 -0.035 -1.021 0.307
Exp9 GradFair -0.221 0.083 -0.090 -2.661 0.008
Exp10 Interact 0.121 0.071 0.054 1.716 0.086
Gender -0.088 0.063 -0.042 -1.410 0.159
Minority -0.302 0.093 -0.098 -3.241 0.001
PellGrant -0.069 0.062 -0.034 -1.128 0.260
KnowPhD -0.125 0.067 -0.056 -1.867 0.062

SiteType 0.049 0.063 0.025 0.776 0.438
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Summary of significant predictors. Independent variables with alpha levels at or
below .05 were considered significant. Three of the four factors had significant
relationships with both outcome variables. Misperceptions about the economic and
personal costs of an engineering PhD and misperceptions about the nature of engineering
work based on degree levels were negative predictors of interest in the engineering PhD.
That is to say, the more misperceptions a student has, the lower his or her interest in the
engineering PhD. Personal characteristics was also a significant factor for both outcome
variables, but with a positive relationship. The remaining factor, educational
environment, was only significant for the PhDLikely outcome variable, but not the
PhDPlan outcome variable.

Two engineering experiences were also significant for both outcome variables.
Participating in a graduate school fair had a positive significant relationship with both
outcome variables and participating in a co-op or engineering internship had a negative
significant relationship with both outcome variables. Participating in a graduate school
preparation program, such as McNair, LSAMP or REUs had a positive significant
relationship with PhDLikely, but was not significant for PhDPlan.

Two demographic factors also had significant relationships with one of the
outcome variables. Knowing someone such as a parent or other important figure growing
up had a positive significant relationship for PhDPlan, but was not significant for
PhDLikely. Being an underrepresented minority (Hispanic, African American, American
Indian, Native Hawaiian or other Pacific Islander) had a positive significant relationship

with PhDLikely but was not significant for PhDPlan.
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Discriminant analysis. Due to the low number of “expert” respondents (N=39)
discriminant analysis was not conducted. However, Figure 11 shows the difference
between the factor means for “expert” or PhD students and recent PhD alumni and
“novice” or engineering junior and senior respondents. The difference between the mean
scale scores indicates that there may be a difference in the mean scores of the expert and
novice respondents, especially with the economic and personal costs and educational
environment factors. However, additional study with larger samples is necessary to
ascertain if these differences are significant enough to be able to discriminate group

membership.

Figure 11: Difference Between Factor Means
for Novice and Expert Responders
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Chapter 5: Discussion and Implications for Practice
This chapter presents both a summary of and recommendations from each of the
four phases of the study (qualitative grounded theory, instrument development,
quantitative, and synthesis) and suggestions for future research.
Phase I: Qualitative Grounded Theory Summary and Recommendations
Phase I, the qualitative grounded theory study, involved over 200 engineering
students, faculty and professionals at seven educational institutions and industrial settings
across the country in answering the following research questions:
1. What perceptions do domestic engineering students, engineering faculty members
and other engineering PhDs hold about PhD education in engineering?
2. What factors facilitate or inhibit interest in the engineering PhD among domestic
engineering students?
a. What are the initial conditions of domestic engineering students that
influence their interest in the engineering PhD?
b. What is the context that supports the continuation of (or changes to) the
level of interest of domestic engineering students in the engineering PhD?
c. What are the intervening conditions that influence the level of interest of
domestic engineering students in the engineering PhD?
3. What strategies were reported that could be used to increase interest in the
engineering PhD among domestic engineering students?
In answering the first research question, this study identified a number of misperceptions
that undergraduate engineering students have regarding the engineering PhD, when

compared to the perceptions of PhD students, faculty and engineers with PhDs who work
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in industry. These misperceptions include assumptions about the nature of work that PhD
engineers do and the economic and personal costs associated with pursuing a PhD in
engineering. Undergraduate students feel that they can do the same kind of work that a
PhD engineer does, so they do not see any value in paying more money and doing more
academic work to earn a PhD. Although undergraduates are aware that there are PhD
engineers working in industry, they think that the only reason to earn a PhD is to become
a faculty member. When asked specifically about industry PhDs, undergraduates view
them as not “real” engineers with limited career opportunities due to the increased
specialization of the PhD. Engineers pursing a PhD or who have already earned a PhD
have a much different view of the engineering PhD. Their decision to pursue a PhD was
rarely made for financial reasons. Many of them spoke of the increased satisfaction of
being able to identify and pursue complex problems at a deeper level. They mention an
appreciation of the freedom to direct their work and for faculty, the joy of working with
students.

In response to the second research question, several factors were identified that
facilitated and/or inhibited interest in the engineering PhD. These factors comprise the
theoretical model for understanding the process for developing an interest in the
engineering PhD. In general, the model describes the pathways to the engineering PhD
much as the APPLES project describes the pathway through the undergraduate
engineering program (Atman et al., 2010; Shepperd et al., 2010). The model includes
three factors that feed into a process of reflection and career alignment. These factors
generally relate to research questions 2.a. through 2.c.; personal characteristics represent

the initial conditions of undergraduate engineering students; the environment represents
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the context; and misperceptions, or rather the correction of misperceptions represents the
intervening conditions. Once the inputs are synthesized, the result is either continued
disinterest or consideration of the engineering PhD. The model itself is a contribution to
the field of engineering education, since it is the first one to directly address interest in
the engineering PhD. However, many of the concepts included in the model are
consistent with previous engineering education literature regarding retention of
undergraduate engineering students such as self-confidence, overwhelming workload,
exposure to the engineering profession, financial motivation and a sense of belonging.

The grounded theory model contributes new information for understanding
interest in the engineering PhD by domestic students. One of the most salient findings of
the qualitative grounded theory phase was that by and large, undergraduate engineering
students have a lot of misperceptions regarding the engineering PhD. These
misperceptions can be grouped by three primary themes: graduate education, economic
and personal costs, and nature of work. Because these misperceptions are so prevalent in
the environment and engineering programs, in general, do little to correct them, students
make their decisions whether to consider the engineering PhD based on faulty or lacking
data.

Recommendations for engineering educators. In response to research question 3,
a number of recommendations for engineering educators were identified to intervene and
foster engineers’ interest in the engineering PhD. The strategies have been categorized
into those that can be implemented by undergraduate programs and by graduate
programs. While engineering faculty serve both programs concurrently, it is important to

make special note of the unique role each perspective has to play in addressing the issues.
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Recommendations for undergraduate programs. Faculty in undergraduate
engineering programs can provide more information on doctoral education in engineering
to their students. Exposure to the PhD, through such experiences as graduate school
workshops or even lab tours, gives students ideas that they can build upon. Interactions
with current PhD students and industry engineers with PhDs show engineering students
the breadth of engineering careers available to them with varying levels of education.
Promoting engineering role models, especially those who would work with students over
the long-term to provide mentoring, are recommended. Engineering professionals should
be proactive in seeking out undergraduate students for these interactions. Topics of
discussions could include information about their research agenda, the work they do,
open invitations for collaborative research, inquiring if they have considered graduate
school, how graduate school and work could coexist, sharing their educational pathway
story, etc. These interactions could be geared toward an entire class or group of students
or could be one-on-one discussions. The outcome of these interactions should be to
correct the common misperceptions about the engineering PhD and to engage the
students in a way so that they are "not ready to quit this yet."

Encouragement from a faculty member was a consistent theme in the PhD
interviews. Having someone notice your potential and take an interest in reaching your
potential was a powerful experience for many engineering PhDs. Increasing the circle of
students whom receive mentoring and encouragement to pursue a PhD would be a low-
cost, low-resource, high-payoff strategy. Engineering educators need to be aware of the
workload students face and its impact on feelings of burnout and “just wanting to get the

heck out of school” when considering who to encourage to consider the engineering PhD.
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Self-confidence and family and financial pressures also play a role in assessing a
student’s readiness to have “the talk” about the engineering PhD. Promoting masters
education may be less threatening for some students to consider, especially since many
employers pay for the master’s degree. The qualitative data clearly identified the master’s
degree as a critical experience for many engineering PhDs to begin considering the PhD.

Recommendations for graduate programs. Graduate programs also have a role to
play in increasing interest in PhD programs among domestic students. Graduate programs
need to educate prospective students about the lifestyle of PhD students. Prospective
students would also benefit from information about the kinds of projects PhD students are
involved in and the kinds of jobs they obtain after graduation. Developing schedules that
allow for a work/life balance was suggested by several participants. Developing
partnerships with local industries was also suggested as a way to integrate academic
research with real-world application in the workplace. These partnerships could also
include flexible scheduling options so that PhD students could continue to work full-time
(and maintain their standard of living) while pursuing a PhD.

Direct admission to an engineering PhD program may be a more efficient
pathway to completing the PhD, but graduate programs need to recognize that most
undergraduates have not developed the self confidence to feel they could be successful in
a doctoral program. Participating in a master’s degree program is an opportunity for
prospective PhD students to experience graduate school, have success with the graduate
curriculum and begin to see the PhD as something obtainable. Additionally, graduate
programs may need to expand their recruitment efforts beyond the captive audience of

current undergraduate students and reach out to recent alumni. A period of work
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experience (often described as mundane or boring) was typical for many people who had
earned or were pursuing their PhD.

Increasing financial stipends or other incentives for graduate students may have
some positive effect on prospective students’ interest in PhD programs, although this was
not a strong concern among participants. One faculty member mentioned that his stipend
as a graduate student, many years ago, was $1,000 per month — the same amount they pay
their current graduate students. Even though it is unlikely that graduate student stipends
could be raised to be competitive with salaries of full-time engineers efforts to increase
stipends should continue nonetheless.

Phase I1: Instrument Development Summary

This section provides a summary of the instrument development process. In
general, the framework for developing the Exploring Engineering Interest Inventory
(EEN) followed the first five of steps for developing measurement scales identified by
DeVellis (2003): (1) Determine clearly what you want to measure; (2) Generate an item
pool; (3) Determine the format of the measure; (4) Have experts review the initial item
pool, (5) Consider the inclusion of validation items. (pp. 61-87).

For step one, the grounded theory model served as a framework for the EEII
scale, with some of the factors expanded into two separate sub-scales: (1) misperceptions
of economic and personal costs — an assessment of perceptions of and awareness about
the costs of doctoral programs; (2) misperceptions of engineering work — an assessment
of perceptions of the kind of work engineers do with different levels of education; (3)
educational environment — an assessment of experience as an undergraduate engineering

student; (4) interpersonal environment — an assessment of relevant support systems; and
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(5) personal characteristics — an assessment of key personal factors relevant to the
model. In step two, an item generation matrix listing the sub-scales and relevant quotes
from participants was used as tool to guide the item generation process. In step three, the
core items for the five sub-scales were written using a Likert scale for response options.
The instrument was uploaded to SurveyMonkey to facilitate participant use and data
accuracy. Step four consisted of a review of the items by the research team, feedback
from colleagues in a psychometric graduate program, and iterative feedback interviews
conducted with representative undergraduate engineers. Validation items were considered
for inclusion with the pilot study in step five, but in order to increase completion rates of
participants and to avoid any potential interaction effects caused by the additional items,
no validation items were included in this scale.
Phase I11: Quantitative Summary

Phase 111, the quantitative phase included an online survey completed by over 900
undergraduate engineering majors at five institutions across the country. Analysis of the
data answered the following research questions:

1. What is the factor structure of the instrument, as determined from a sub-set of
the available cases (n=300)? Four factors (personal characteristics,
engineering work, economic and personal costs, and educational environment)
were identified by conducting an exploratory factor analysis.

2. What are the reliability measures for the factors retained by the EFA? Which
items detract from the reliability of the scores from each factor? All four

factors had Cronbach’s Alpha values over .7, and none of the remaining 23
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items significantly detracted from the reliability of the scores from each
factor.

3. Is the factor structure of the instrument validated and retained by the
remaining cases (n=604)? The four factor structure was validated by a
confirmatory factor analysis.

4. Which factors retained by the EFA and confirmed by the CFA are
significantly related to interest in pursuing a PhD in engineering? All four
factors were significantly related to interest in pursuing a PhD in engineering.

5. What additional characteristics and experiences are significantly related to
interest in pursuing a PhD in engineering? Participating in a graduate school
fair or a graduate school preparation program had a positive significant
relationship with interest in the engineering PhD. Participating in a co-op or
engineering internship had a negative significant relationship with interest in
the engineering PhD. Knowing someone such as a parent or other important
figure growing up who had a PhD had a positive significant relationship with
interest in the engineering PhD, as did being an underrepresented minority.

6. Does the instrument discriminate between undergraduates (novice) and PhD
students/recent PhD alumni (experts)? There was not a large enough sample
of “expert” respondents to answer this question.

All four factors were significant predictors of interest in the engineering PhD. The

greater the misperceptions of economic and personal costs and the nature of engineering
work, the less likely a particular respondent was interested in the engineering PhD. High

scores in the personal characteristics and the educational environment factors increased
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the likelihood of interest in the engineering PhD. Based on the quantitative results, it
would appear that efforts to correct the misperceptions about the engineering PhD and
encouragement from faculty would have a positive influence in increasing interest in the
engineering PhD among domestic engineering undergraduates.

Attending a graduate school fair or participating in a graduate school preparation
program both were significantly related to interest in the engineering PhD. Any causal
interpretation of these experiences would be highly suspect as these activities likely occur
after a student has established his or her interest in the engineering PhD. However,
students who attend graduate school fairs or participate in graduate school preparation
programs would benefit from close mentoring and additional encouragement from faculty
to support them in pursuing their interest in the engineering PhD.

Participating in a co-op was one of the recommendations from the qualitative
phase to increase interest in the engineering PhD, yet this experience had a significantly
negative relationship with interest in the engineering PhD in the quantitative phase. This
finding has pointed out the need for additional clarification to the recommendation from
the qualitative phase. Co-ops where students interact on a regular basis with PhD
engineers and receive encouragement from them can have a positive influence on
increasing interest in the engineering PhD. However, co-ops where students interact
primarily or exclusively with Bachelor’s-level engineers who either passively or actively
discourage advanced education can have a negative influence on interest in the
engineering PhD. The nature of the co-op experience greatly influences the interest in the
engineering PhD in both directions, and therefore engineering educators should work

closely with students to identify opportunities that fit their educational and career goals.
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A common experience in the qualitative data for engineers who went directly
from their undergraduate program into graduate school, straight through the PhD, was
having a parent, or other important figure (uncle, neighbor, teacher, etc.) who had a PhD
in any field. Growing up familiar with what a PhD is, the kind of work one can do with a
PhD, and the lifestyle of people with PhDs seemed to circumvent the misperceptions that
many undergraduates have about the PhD. This insider knowledge, likely coupled with
higher levels of family encouragement, was also significant in the quantitative data. In
particular, knowing someone with a PhD was significant for students who planned to
pursue a PhD, but not for determining the likelihood of pursuing a PhD. We know from
the qualitative data that it is difficult for undergraduates to plan a pathway to the
engineering PhD, however students who have a parent or other significant figure with a
PhD seem to be the exception to this particular trend. While PhD engineers may not be
willing to raise additional children for the purpose of increasing the number of domestic
students interested in the engineering PhD, they can develop relationships with more
students and mentor them towards the PhD.

The final significant characteristic in predicting interest in the engineering PhD
was status as an underrepresented minority. This finding is consistent with the APPLES
project (Atman et al., 2010) which noted that underrepresented minority status was a
significant predictor for first year engineering students when planning to attend
engineering graduate school. They found only 38% of non-minority first year engineering
students expressed an interest in engineering graduate school compared with 65% of
underrepresented first year engineering students. Although underrepresented minority

status was not a significant predictor for senior engineering students, there was a
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substantially larger proportion of URM students planning to attend engineering graduate
school in their study. Atman and her colleagues did not speculate as to what might be
contributing to the higher level of interest among URM students in engineering graduate
school, or why this higher level of interest is not translating into higher enrollment levels.
Unfortunately, the findings of this study do not contribute any additional explanation for
the increased interest of URM students in advanced engineering degrees. This is clearly a
topic for future study.
Phase 1V: Synthesis

The synthesis phase of the study involved integrating the findings from the
qualitative and quantitative phases of the study, reflecting on the lessons learned from the
second phase of the study, and planning for the dissemination of the findings to both
engineering educators and research methodologists. This phase specifically addressed the
following:

1. Does the factor structure of the instrument confirm the qualitative themes?

2. Based on the results from the quantitative phase, how would the
recommendations from the qualitative phase be prioritized?

3. How does the instrument that has been designed based on the qualitative data
provide a better measure of the phenomenon than other measurement
alternatives or development approaches?

Integration. Research questions 1 and 2 both are concerned with issues of

integrating the qualitative and quantitative phases of the study. The three factors from the
grounded theory model (personal characteristics, environment and misperceptions) were

expanded into five sub-scales for the EEII. Figure 12 portrays these five sub-scales.
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Figure 12: Expanded Grounded Theory Model for Increasing Interest

in the Engineering PhD
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The quantitative study confirmed this expanded grounded theory model with one slight

adjustment to the factor structure. The items written for the interpersonal environment

factor did not load together. Rather, those items loaded with their relevant environment:

faculty loaded with the educational environment; family loaded with personal

characteristics; and employers loaded with engineering work. The revised theoretical

model, based on the quantitative findings is shown in Figure 13.
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Figure 13: Revised Grounded Theory Model for Increasing Interest

in the Engineering PhD
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Research question 2 provides another opportunity to integrate the qualitative and

quantitative phases by prioritizing the recommendations from the qualitative phase based

on the quantitative findings. The key finding from both the qualitative and quantitative

phases was that misperceptions regarding the engineering PhD are a significant inhibitor

of interest in the engineering PhD. The priority, then, for engineering educators, is to

integrate correct perceptions about the engineering PhD in both curricular and co-

curricular activities. Faculty should take steps to make the engineering PhD more visible

to their students and expand the students’ knowledge of career opportunities at different

educational levels. The next priority for engineering educators is to take an active role in

encouraging undergraduate students who demonstrate curiosity and creativity (and not
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necessarily a 4.0) to consider a master’s degree in engineering, and once in a master’s
program, to encourage them to continue to the PhD.

Reflection. This dissertation was designed as an empirical study with a strong
methodological focus. It is appropriate, therefore, to reflect on the mixed methods
approaches employed in this study, address the final mixed methods research question,
and offer recommendations for future mixed methods instrument development studies. .

This study was a sequential exploratory mixed methods project. Qualitative data
were collected, analyzed, and developed into quantitative items which were in turn
evaluated for their psychometric properties, consistent with an instrument development
variant design. The mixing of qualitative and quantitative methods however, was not
restricted to simply the point of transition from qualitative data to quantitative items.
Within the instrument development phase, qualitative methods were used when
evaluating the initial EEII instrument before collecting quantitative data. The iterative
feedback interview technique used to solicit suggestions from key informants was an
intentionally qualitative alternative to the often quantitative cognitive interview technique
used by survey research methodologists. Even the exploratory factor analysis was
conducted using a mixed methods framework by incorporating both quantitative
statistical data about the items and qualitative, theory-based information when making
decisions about factor and item retention.

There remains one final research question to be addressed: How does the
instrument that has been designed based on the qualitative data provide a better measure
of the phenomenon than other measurement alternatives or development approaches?

Although we do not have an alternate measure to compare the EEII with, there are a
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variety of reasons why the mixed methods approach used in this study developed a better
measure then one that could have been produced using other approaches. In general, a
mixed methods approach to instrument development allows the research to capitalize on
the strength of each method while minimizing the weaknesses (Creswell & Plano Clark,
2007). The qualitative phase provides an opportunity for instrument developers to
understand the phenomenon from the participants’ perspective, and then use language
that is most relevant to the target population when developing items.

This particular mixed methods instrument development design incorporated
strategies with the specific intent of ensuring the quality of the instrument, and therefore
the utility of the findings. A grounded theory approach was selected for the qualitative
phase to provide a systematic and iterative process for developing a theoretical model.
This approach allowed the research team to develop a thorough understanding of the
construct domain and the relationships between factors within that domain. Additionally,
the process for combining the qualitative and quantitative approaches respected the value
and contribution of each methodology. This strategy involves more that simply
capitalizing of the strengths of each method, but elevating the importance of each
method. Qualitative data were not converted into quantitative data or analyzed using a
quantitative approach. Quantitative data were evaluated using the currently accepted
standards, but within the context of the qualitative findings (theoretical model). Finally,
each phase, and each stage within each phase, was conceptualized as an iterative process.
As the project progressed and new information was discovered or new interpretations

were suggested, the research team was able to move fluidly across the phases of the study
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to adjust prior decisions and determinations to reflect the most informed and up-to-date
understanding of the phenomenon.

Perhaps the most valuable enhancement provided by a mixed methods approach
to developing an instrument is that mixed methods research requires a team of people to
conduct a study. It may be possible for a single individual to conduct a mixed methods
project, however, the scope of conducting multiple phases would take an extraordinary
time commitment for someone to accomplish by themselves. Teamwork, however, is
more than just sharing the workload in a mixed methods project. Ideally the research
team would have individuals with a variety of expertise; qualitative methods, quantitative
methods, content knowledge, etc. These different perspectives provide opportunities for a
dialectical approach to challenge assumptions, provide alternative interpretations, and
stimulate deeper thinking. In this project, the synergy of the research team (lead
researcher, research assistants, advisors, and consultants) contributed to the most
important methodological decisions and interpretation of findings. A single perspective
could not have generated the depth of understanding that was achieved through this
process.

Recommendations for Mixed Methods Instrument Development Studies. Based
on the methods used in this study to develop the EEII, the following recommendations
are forwarded to other researcher who may be considering this approach.

Be explicit about the rationale for using a mixed methods approach. In reviewing
over 30 empirical mixed methods instrument development studies, very few researchers
were explicit about their rationale for selecting this particular design variant. There were

two broad categories for rationales identified in the reviewed studies: Participant focused



Interest in the Engineering PhD 167

and methodological expansion. Each rationale provides a different context for the study,
and therefore researchers should be explicit about which approach or combination of
approaches is guiding their study. This study articulated both rationales for using a mixed
methods approach, although priority was given to methodological expansion.

Clearly describe the process for establishing the construct definition. Previous
authors have described the importance of clearly defining the construct of interest of the
study (e.g. Campbell & Fiske, 1959; DeVellis, 2003; Fowler, 1995; Worthington &
Whittaker, 2006). The reliability and validity of a scale cannot begin to be assessed
without a clear understanding of what the scale is intending to measure and what it is not
intending to measure. In a mixed methods instrument development study it is equally
important to clearly describe the process for arriving at that definition by describing the
data analysis process for the qualitative phase. Unfortunately, the majority of the
reviewed studies provided only vague information about their qualitative data analysis
approach, such as “content analysis” or “thematic extraction.” Providing more details
about the data analysis process not only adds credibility to the qualitative phase, but to
the study as a whole.

Develop and clearly describe the protocol for generating an item pool. Although
studies that involved multiple languages gave detailed descriptions of the translation and
back-translation process, the reviewed studies rarely described the item writing process
with sufficient detail to clearly articulate the connections from the qualitative results to be
helpful to other researchers. One of the primary benefits of conducting a mixed methods
instrument development study is that the items emerge from the participants’ experiences,

often using their own words. An item generation matrix, such as Table 5, is a particularly
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helpful tool in demonstrating that the items cover the breadth of the construct, themes,
and categories and illustrating relevant quotes.

Develop and clearly describe the protocol for reviewing the scale before
conducting a pilot study. Expert review of a new scale has been recommended by
previous authors (DeVellis, 2003; Worthington & Whittaker, 2006; Onwuegbuzie et al.,
2010). In traditional scale development, this review is generally conducted by individuals
who have some type of credential relevant to the focal construct. Often the review
consists of a quantitative survey for experts to rate the clarity, ease of use and relevance
of the scale. Cognitive interviews are another common method for reviewing a scale
before conducting a pilot study. Cognitive interviews are generally highly structured and
the data is usually analyzed in a quantitative framework. Mixed methods instrument
development studies provide opportunities for other types of scale review procedures.
Contributors to the review process may include the research team, identified/credentialed
experts, the participants (either from the qualitative phase or from the population for
whom the scale is intended) or a combination of tactics. The scale review may be
conducted individually or in groups, such as focus groups or research teams. By
incorporating a qualitative approach to the scale review, the feedback can be addressed in
real-time, with refinements occurring in an iterative process. Clearly describing the scale
review process reveals much about the content validity of the scale, the relevance of the
topic to the target population, the completeness of measuring the construct domain, and
the appropriateness and clarity of the item wording.

Consult survey research literature for resources regarding scale formatting and

maximizing data collection efficacy. Regardless of the construct being measured, the field
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of survey research provides a wealth of information regarding data collection modes,
visual design, response options, recruitment, incentives, etc. Integrating best practices
from survey research can help design a scale that is not only reliable and valid, but eases
the demands on participants and increases response rates.

Provide details regarding the pilot study and scale evaluation process. A pilot
study provides important information about the validity of a scale and the reliability of
the scores collected by the scale. While there are established guidelines for what are
considered acceptable values for different statistical tests, it is important to be explicit
about the review criteria and decision thresholds for retaining or removing items and
factors. Transparency is necessary so that other researchers have a full understanding of
the scale development process.

Dissemination. Because this research project was funded by a grant from the
National Science Foundation, dissemination of the results beyond this dissertation is an
important part of this study. Manuscripts and presentation proposals specific to the
qualitative phase and the quantitative phase are being prepared for the engineering
education community. Additional manuscripts and presentation proposals are being
developed regarding the methodology of this study for the research methodology
community.

Limitations

Prior to collecting data, this study was limited by the type of institutions that
participated in the study. In particular, no top-tier PhD granting institution or Historically
Black College or University elected to participate. Once data collect began, other

limitations emerged, particularly in the quantitative phase. Several sites did not follow the
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recruitment protocol as recommended; therefore response rates were lower at those sites.
Future studies should more strongly encourage following the recommended protocol.
Non-random missing data was also a limitation of this study in the quantitative phase.
Due to the structure of the instrument, there was a clear pattern of participants leaving the
survey after each page. The validated instrument is much shorter and future versions will
have all items randomized on one page, therefore eliminating the non-random missing
data. The final limitation of this study was a lack of a clearly defined and clearly
measured outcome variable in the quantitative phase of the study. Given the inconsistent
response pattern between the two potential outcome measures, “PhDPlan” and
“PhDLikely”, additional work is needed to refine how interest in the engineering PhD is
being measured. A more reliable and valid measure of interest in the engineering PhD
will more clearly illuminate the relationships of the other variables with the focal
construct.
Future Research

There are several opportunities to extend this dissertation into further studies of
understanding the process of developing interest in the engineering PhD. The most likely
next step would be to conduct another validation study of the EEII. Additional sites,
particularly top-tier doctoral granting engineering programs and engineering programs at
HBCUs should be included in this study. Participating sites should be strongly
encouraged to follow the recommended recruitment protocol of sending a pre-notification
e-mail by a known and trusted individual, such as an engineering Dean, and generating
personalized recruitment messages and follow-up reminders, as these strategies had a

positive impact on the response rates. The streamlined measurement, with only 23 core



Interest in the Engineering PhD 171

items, should reduce the amount of missing data, and the randomization of the items
across all factors should attenuate the non-random missing data pattern of this study.

Additional variations of this study would also extend our understanding of
increasing interest in the engineering PhD. One option would be to conduct a larger-scale
discriminant study by recruiting PhD students and recent PhD alumni at all participating
sites that offer an engineering PhD. Another option would be to conduct a comparison
study by including international students in the data collection and evaluating the data for
significant differences between domestic and international students. Conducting a
longitudinal study and tracking actual PhD program enrollments of students who
complete the EEIl would provide valuable information about how interest in a PhD
translates into enrollment in a PhD program.

The results from this study indirectly support undergraduate research experiences,
as research provides an opportunity for students to develop mentoring relationships with
faculty, directly observe what graduate school is like, and receive support in pursuing
doctoral education. These findings would be enhanced by additional information
regarding the efficacy of the National Science Foundation’s Research Experiences for
Undergraduates (REU) program. A coordinated, national effort to collect data from all
REU participants, would provide valuable information about the students who participate
in REUSs, their interest in doctoral programs, and the efficacy of the REU in preparing
them to apply for PhD programs and for conducting doctoral-level research. Longitudinal
data on REU participants should also be collected, so that the long-term investment of

resources can be accurately evaluated. Without a more comprehensive assessment of the
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REU program, any suggestion of the influence of the program in increasing interest in
doctoral programs is merely speculation.

Another potential study that would extend the findings would be to explore the
motivational factors for people who have earned their PhD with the goal of identifying
critical experiences that facilitated not only their interest in but also enrollment and
completion of the engineering PhD. This study identified some of those factors (having a
parent with a PhD, dissonance with career choice, love of learning, teaching and/or
research, “the talk” from a respected mentor encouraging graduate school, etc.). There
would be value in studying these experiences specifically as systematic study provides
stronger support for planned interventions.

A response-to-intervention study would be an important follow-up from this
project. Although the EEIl would benefit from additional validation studies, the
combined results from both the qualitative and quantitative phases are compelling enough
in their own right to warrant the development of a pilot program that would work to
correct the misperceptions that undergraduate students have regarding the economic and
personal costs of the engineering PhD and the nature of work. Graduate school
workshops, class discussions, guest lecturers from industry PhDs are but a few of the
many programs that could be implemented to raise awareness of the engineering PhD and
provide accurate information to undergraduate engineering students about PhD career
paths. The pilot program should also include an element of faculty training to assist them
in maximizing their role in encouraging students to pursue an engineering PhD. The EEII

could be used as a pre- and post-test to measure how students’ responses change after
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exposure to higher levels of information and encouragement regarding the engineering
PhD.

Conclusion

In conclusion, the qualitative grounded theory phase of this study found three
factors that influenced interest in the engineering PhD: Misperceptions (engineering work
and economic and personal costs), Environment (undergraduate educational environment
and interpersonal environment), and Personal Characteristics (belief in self and interests
and skills). These factors combine to form the pathways to the engineering PhD. The
Exploring Engineering Interest Inventory (EEII) was developed to measure the influence
of these factors and other relevant engineering experiences on interest in the engineering
PhD. Four factors were found to be significant predictors of interest in the engineering
PhD: Engineering work misperceptions, economic and personal costs misperceptions,
educational environment, and personal characteristics.

Engineering programs have an opportunity to increase interest in the engineering
PhD by working to correct many of the misperceptions that undergraduate engineering
students have about this particular career path. Including messages about doctoral
opportunities in existing courses, offering workshops about doctoral programs and
exposing undergraduates to PhD engineers in industry all have the potential to positively
impact interest levels. Additionally, one of the most significant experiences for students
who plan on pursuing the engineering PhD was encouragement from an engineering
faculty member. Increasing the numbers of students that faculty have “the talk” with
would most certainly lead to an increased interest in the engineering PhD.

Another important finding of this study was that for engineering majors, an

element of time seems a necessary component for developing interest in the engineering
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PhD. Many of the PhD engineers pursued traditional engineering employment upon
completing their bachelor’s degree, only to become bored with the work that they were
doing. They realized that they were more interested in doing a different kind of
engineering work: one that was more on the cutting edge and blazing new trails; one that
required deeper thinking about problems that may only just be emerging; one that would
require a PhD in engineering.

By having an empirically derived theory and a tested measure of that theory,
engineering programs are now in a position to consider strategies to more effectively and

efficiently increase interest in the engineering PhD.
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Appendix A: Phase | Recruitment Messages

Site Recruitment

We are writing to invite you to participate in a study, “Understanding Perceived Barriers
to Ph.D. Programs in Engineering for Domestic Students,” funded by NSF’s Innovations
in Engineering Education, Curriculum, and Infrastructure Program. The purpose of the
study is to create a systematic understanding of the methods that engineering schools can
increase the number of domestic Ph.D. students. We have enclosed a copy of our project
summary.

If you agree to participate and allow us to spend a few days on your campus, we will only
ask for a small amount of assistance:

Provide a list of potential undergraduate participants for on-campus interviews;
Provide space to conduct focus groups (e.g., conference room, class room); and
Arrange for a meeting with your admissions office or college advisor for a brief
overview of your academic programs.

In return, we will:
Provide you with personalized consultation about the study’s results for your

campus.
Acknowledge your assistance in all papers and presentations.

Thanks very much for considering our request. We will call you soon to discuss your
willingness to participate as a data collection site.
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Undergraduate Student Focus Group
You have been selected to participate in a study at UNL that is aimed at better understand
the experiences of undergraduate students in the field of Engineering.

We are interested in your experience and would like to invite you to join a focus group on
DATE, at TIME pm. The discussion group will last approximately 60 minutes and will
be held ROOM LOCATION. To compensate for your time, you will receive:

e Free pizza dinner
e $25 gift card to the University Bookstore

Please RSVP so that | will be able to save a spot for you!

Attached is a copy of the Informed Consent form to provide you with more details about
the study and the interview protocol. Feel free to review it before you respond.

Looking forward to meeting you soon!

Faculty Individual Interview

| am a doctoral student at the University of Nebraska-Lincoln in the Educational
Psychology department. For my dissertation, | am conducting a study funded by the
National Science Foundation, “Factors that facilitate or inhibit enrollment of domestic
engineering PhD students: A mixed methods study.”

I will be visiting your campus next week on DATE to conduct focus groups with
domestic undergraduate engineering majors, as arranged with PERSON, TITLE.

I would also like to interview current engineering faculty about their perceptions of
engineering education in general and the engineering Ph.D. in particular.

If you would be willing to share your perceptions with me, please reply to this e-email
and we can schedule your 20 minute interview at a time that is convenient for you.

| look forward to meeting you soon!
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PhD Student Individual Site Interview

| am a doctoral student at the University of Nebraska-Lincoln in the Educational
Psychology department. For my dissertation, | am conducting a study funded by the
National Science Foundation, “Factors that facilitate or inhibit enrollment of domestic
engineering PhD students: A mixed methods study.”

I will be visiting your campus next week on DATE to conduct focus groups with
domestic undergraduate engineering majors, as arranged with PERSON, TITLE.

| would also like to interview US citizens who are pursuing a PhD in engineering. The
interview will take approximately 20 — 30 minutes and will include questions about your
perceptions of engineering education in general and the engineering PhD in particular.

| have attached a copy of the Informed Consent form that has more details about the
study so that you may review it before you make your decision. To compensate you for
your time, you will receive a $25 gift card to your university’s book store.

If you would be willing to share your perceptions with me, please reply to this e-mail and
we can schedule your interview at a time that is convenient for you.

| look forward to meeting you soon!

PhD Student Individual Phone Interview

| am a doctoral student at the University of Nebraska-Lincoln in the Educational
Psychology department. I am currently working on a study funded by the National
Science Foundation, “Factors that facilitate or inhibit enrollment of domestic engineering
PhD students: A mixed methods study.”

| have found your name and e-mail address on your university’s Web site and think you
may meet my study criteria.

I would like to interview US citizens who are pursuing a PhD in engineering. The
interview will take approximately 20 — 30 minutes and will include questions about your
perceptions of engineering education in general and the engineering PhD in particular.

| have attached a copy of the Informed Consent form that has more details about the
study so that you may review it before you make your decision. To compensate you for
your time, you will receive a $25 gift card to Amazon.com.

If you would be willing to share your perceptions with me, please reply to this e-mail and
we can schedule your phone interview at a time that is convenient for you.

| look forward to talking to you soon!

Industry PhD Individual Phone Interview
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| am a doctoral student at the University of Nebraska-Lincoln in the Educational
Psychology department. I am currently working on a study funded by the National
Science Foundation, “Factors that facilitate or inhibit enrollment of domestic engineering
PhD students: A mixed methods study.”

NAME has given me your name and e-mail address as someone who may meet my study
criteria. [I have found your name and e-mail address on UNIVERSITY Web site and
think you may meet my study criteria.]

I would like to interview US citizens who have earned a PhD in engineering and are
working in non-academic/industrial settings. The interview will take approximately 20 —
30 minutes and will include questions about your perceptions of engineering education in
general and the engineering PhD in particular.

| have attached a copy of the Informed Consent form that has more details about the
study so that you may review it before you make your decision.

If you would be willing to share your perceptions with me, please reply to this e-mail and
we can schedule your phone interview at a time that is convenient for you.

| look forward to talking to you soon!
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Appendix B: Phase | Interview Protocols

Undergraduate Focus Groups

1.

2.
3.

oo

Let’s start with having each person introduce themselves by telling us your first
name, major, and about how you first got interested in engineering.
What is it like to be an engineering undergraduate student?
What are your career plans after graduating?
a. Probe about plans for 5 years later
b. Probe about plans for 10 years later
What do you typically think about people who choose to pursue PhDs in
engineering?
a. Probe about their perceptions: who they imagine these people are, what
they are like, etc.
b. Follow-up with how engineers with PhDs differ from/similar to other
engineers (in the industry)
Why would/wouldn’t you pursue a PhD in Engineering? (Derive a list)
What do you think it takes to be a PhD in Engineering?
What kinds of changes do you think would cause you (or other people) to more
seriously consider getting a Ph.D. in engineering?
What other ideas do you have about engineering PhD programs that you’d like to
share?

PhD Student Individual Interviews

1.

2.

N GA

I thought we could start by having you tell me about how you first got interested
in engineering.
What perceptions did you have of Engineering PhD programs when you were an
undergraduate student?
How did you decide to go to graduate school in Engineering?
a. Probe about other career options
Probe about choice of program and why it was selected
If applicable — tell me more about “the talk.”
What are your career plans after graduating?
Why is an engineering PhD important?
What changes might encourage more domestic students to pursue Engineering
PhDs?
What else can you tell me to help me understand engineering PhD programs?

PhD Students Individual PHONE Interviews

1.

2.

3.

| thought we would start with having you tell me a little bit about yourself and
how you decided to pursue a PhD in engineering.

What were your perceptions about engineering Ph.D. programs before you
started? How have your experiences matched (or not) your expectations?
What do you like about being an engineering grad student? What do you NOT
like about being an engineering grad student?

What kind of career do you envision for yourself? How do you see your
background in engineering facilitating your career path?
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What kinds of changes would you like to see that would cause domestic students
to more seriously consider getting a Ph.D. in engineering?

Avre there any other thoughts you have about engineering Ph.D. programs that
you’d like to share?

Faculty Individual Interviews

1.

N

o o~

~

How did you decide to go to graduate school in Engineering?
a. Probe about other career options
b. Probe about choice of program and why it was selected
If applicable — tell me more about “the talk.”
What factors helped you to become a faculty member?
a. Listen for background (especially undergraduate experience)
Why is an engineering PhD important?
How do you convey that to undergraduate students?
Can you think of some PhD students who are successful in your program. What
characteristics would you use to describe them?
a. Probe for what the students are like as people, such as their attributes,
work-ethic, way of looking at the world, etc.
What characteristics do you think helped you succeed in getting your PhD?
What changes might encourage more domestic students to pursue Engineering
PhDs?
a. Follow-up with asking whether Engineering programs are ready to make
these kinds of changes.
What else can you tell me about domestic students pursuing engineering PhD
programs?

Industry PhDs Individual PHONE Interviews

1.

2.

| thought we would start with having you tell me a little bit about yourself and
how you decided to pursue a PhD in engineering.

Now I’d like to talk about your role as an as a PhD working in industry. What do
you like about being a PhD engineer? What did you NOT like about being a PhD
engineer?

One of the themes from the undergraduate focus groups was that they felt they
could do the same kind of work with a BS that someone would do with a PhD. I’d
like to know more about the nature of the work you do in industry and how that
might be different from what you would have been able to do with only a BS.
Another theme from the focus groups was that they felt earning a PhD in
engineering would limit their career options. What are your thoughts on their
perceptions?

What kinds of changes do you think would cause domestic students to more
seriously consider getting a Ph.D. in engineering?

Are there any other thoughts you have about engineering Ph.D. programs that
you’d like to share?
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Appendix C: Phase | Code List

Code Frequency
EDUCATIONAL ENVIRONMENT

Institutional specific programs/services 60
Research experiences/REU 52
Work load 75
Curriculum and pedagogy 90
Grad school knowledge 40
PhD 149
ENGINEERING WORK

Hire-ability 110
Salary 46
Non-PhD level work 38
PhD level work 70
Impact of work 26

INTERPERSONAL ENVIRONEMENT

Professor/Mentor Access/Engagement 105
Family influences 103
Industry (co-worker, etc.) 56
Peers 32
Societies, student organizations, conferences, 13

special programs

PERSONAL CHARACTERISTICS

Developmental psychology 43
Passion 13
Interest in research and/or teaching 64
Motivation, Drive, Initiative, Self-starter 21
Work experience 29
Bored/Burned out 43
Confidence/Self efficacy 39
Problem solving 11
Initial interest in engineering 95
Love of learning/Lifelong learning/Curiosity 27

ECONOMIC AND PERSONAL COSTS

Financial issues 104
Flexibility/Time 24
Economic climate 22
Public/Society view 36
Quality of life 11
PATHWAY TO THE PHD

Anticipated pathway 87
Trigger event/Happenstance 5

BUCKET CODES

Quotes 143
Recommendations 89
MBA 24

Diversity issues 54
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Appendix D: Phase | Informed Consent
(Focus groups: undergrad students)

INFORMED CONSENT FORM
IRB# 20090610005 EX, 10005

Title: Factors that facilitate or inhibit enroliment of domestic engineering PhD students:
A mixed methods study

Purpose of the Research:

The goal of the proposed study, funded by the National Science Foundation, is to
understand the factors that facilitate or inhibit domestic student enrollment in engineering
Ph.D. programs, and to identify strategies for reinforcing positive factors or removing
barriers. The overarching goal of the project is to identify actionable strategies to
increase domestic student enrollments.

Procedures:

Participation in this study will require approximately 60-90 minutes of your time and will
consist of a group interview regarding your experience as an engineering student. The
interview will be audio taped with your permission. The interview will take place on
campus either at an office or conference room in your building, or at another convenient
campus location.

Risks and/or Discomforts:
There are no known risks or discomforts associated with this research.

Benefits:

In order to attract more domestic students, universities need an empirical understanding
of the factors that underlie the decision to pursue or forego an engineering PhD. They
also need a new set of strategies for increasing domestic PhD enrollments. The proposed
study is designed to address both of these critical needs.

The findings of this research study will have broad application in the field of engineering
doctoral education. The results will be used to generate specific strategies that
universities can implement to increase domestic student enrollment in engineering PhD
programs.

Confidentiality:

Any information obtained during this study which could identify you will be kept strictly
confidential. The data will be stored in a locked cabinet in the investigator’s home office
and will only be seen by the investigator and transcriber during the study and for three
years after the study is complete. The audiotapes will be erased after transcription. The
information obtained in this study may be published in scientific journals or presented at
scientific meetings but the data will be reported using a pseudonym of your choosing.
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Compensation:
You will receive a $25 gift card to the campus bookstore for participating in this study.
Dinner will be provided during the focus group.

Opportunity to Ask Questions:

You may ask any questions concerning this research and have those questions answered
before agreeing to participate in or during the study. Or you may contact the investigator
via phone or email at any time. If you have questions concerning your rights as a research
subject that have not been answered by the investigator or to report any concerns about
the study, you may contact the University of Nebraska-Lincoln Institutional Review
Board, telephone (402) 472-6965.

Freedom to Withdraw:

You are free to decide not to participate in this study or to withdraw at any time without
adversely affecting your relationship with the investigators or the University of Nebraska.
Your decision will not result in any loss or benefits to which you are otherwise entitled.

Consent, Right to Receive a Copy:

You are voluntarily making a decision whether or not to participate in this research study.
Your signature certifies that you have decided to participate having read and understood
the information presented. You will be given a copy of this consent form to keep.

Signature of Research Participant Date

Principal Investigator:
Michelle Howell Smith, mhowell2@unl.edu, (402) 472-4458 Office, (402) 432-3639 Cell

Advisor:
Dr. Ellen Weissinger, eweissingerl@unl.edu, (402) 472-2878 Office
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(Individual interview: graduate students)

INFORMED CONSENT FORM
IRB# 20090610005 EX, 10005

Title: Factors that facilitate or inhibit enroliment of domestic engineering PhD students:
A mixed methods study

Purpose of the Research:

The goal of the proposed study, funded by the National Science Foundation, is to
understand the factors that facilitate or inhibit domestic student enrollment in engineering
Ph.D. programs, and to identify strategies for reinforcing positive factors or removing
barriers. The overarching goal of the project is to identify actionable strategies to
increase domestic student enrollments.

Procedures:

Participation in this study will require approximately 30 minutes of your time and will
consist of a semi-structured interview regarding your experience as an engineering
student. The interview will be audio taped with your permission. The interview will take
place on campus either at an office or conference room in your building, or at another
convenient campus location.

Risks and/or Discomforts:
There are no known risks or discomforts associated with this research.

Benefits:

In order to attract more domestic students, universities need an empirical understanding
of the factors that underlie the decision to pursue or forego an engineering PhD. They
also need a new set of strategies for increasing domestic PhD enrollments. The proposed
study is designed to address both of these critical needs.

The findings of this research study will have broad application in the field of engineering
doctoral education. The results will be used to generate specific strategies that
universities can implement to increase domestic student enrollment in engineering PhD
programs.

Confidentiality:

Any information obtained during this study which could identify you will be kept strictly
confidential. The data will be stored in a locked cabinet in the investigator’s home office
and will only be seen by the investigator and transcriber during the study and for three
years after the study is complete. The audiotapes will be erased after transcription. The
information obtained in this study may be published in scientific journals or presented at
scientific meetings but the data will be reported using a pseudonym of your choosing.

Compensation:
You will receive a $25 gift card to the campus bookstore for participating in this study.



Interest in the Engineering PhD 185

Opportunity to Ask Questions:

You may ask any questions concerning this research and have those questions answered
before agreeing to participate in or during the study. Or you may contact the investigator
via phone or email at any time. If you have questions concerning your rights as a research
subject that have not been answered by the investigator or to report any concerns about
the study, you may contact the University of Nebraska-Lincoln Institutional Review
Board, telephone (402) 472-6965.

Freedom to Withdraw:

You are free to decide not to participate in this study or to withdraw at any time without
adversely affecting your relationship with the investigators or the University of Nebraska.
Your decision will not result in any loss or benefits to which you are otherwise entitled.

Consent, Right to Receive a Copy:

You are voluntarily making a decision whether or not to participate in this research study.
Your signature certifies that you have decided to participate having read and understood
the information presented. You will be given a copy of this consent form to keep.

Signature of Research Participant Date

Principal Investigator:
Michelle Howell Smith, mhowell2@unl.edu, (402) 472-4458 Office, (402) 432-3639 Cell

Advisor:
Dr. Ellen Weissinger, eweissingerl@unl.edu, (402) 472-2878 Office
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(Individual interview: faculty)

INFORMED CONSENT FORM

IRB# 20090610005 EX, 10005

Title: Factors that facilitate or inhibit enroliment of domestic engineering PhD students:
A mixed methods study

Purpose of the Research:

The goal of the proposed study, funded by the National Science Foundation, is to
understand the factors that facilitate or inhibit domestic student enrollment in engineering
Ph.D. programs, and to identify strategies for reinforcing positive factors or removing
barriers. The overarching goal of the project is to identify actionable strategies to
increase domestic student enrollments.

Procedures:

Participation in this study will require approximately 30 minutes of your time and will
consist of a semi-structured interview regarding your experience as an engineering
faculty member. The interview will be audio taped with your permission. The interview
will take place on campus either at an office or conference room in your building, or at
another convenient campus location.

Risks and/or Discomforts:
There are no known risks or discomforts associated with this research.

Benefits:

In order to attract more domestic students, universities need an empirical understanding
of the factors that underlie the decision to pursue or forego an engineering PhD. They
also need a new set of strategies for increasing domestic PhD enrollments. The proposed
study is designed to address both of these critical needs.

The findings of this research study will have broad application in the field of engineering
doctoral education. The results will be used to generate specific strategies that
universities can implement to increase domestic student enrollment in engineering PhD
programs.

Confidentiality:

Any information obtained during this study which could identify you will be kept strictly
confidential. The data will be stored in a locked cabinet in the investigator’s home office
and will only be seen by the investigator and transcriber during the study and for three
years after the study is complete. The audiotapes will be erased after transcription. The
information obtained in this study may be published in scientific journals or presented at
scientific meetings but the data will be reported using a pseudonym of your choosing.

Compensation:
There is no compensation for participating in this study.
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Opportunity to Ask Questions:

You may ask any questions concerning this research and have those questions answered
before agreeing to participate in or during the study. Or you may contact the investigator
via phone or email at any time. If you have questions concerning your rights as a research
subject that have not been answered by the investigator or to report any concerns about
the study, you may contact the University of Nebraska-Lincoln Institutional Review
Board, telephone (402) 472-6965.

Freedom to Withdraw:

You are free to decide not to participate in this study or to withdraw at any time without
adversely affecting your relationship with the investigators or the University of Nebraska.
Your decision will not result in any loss or benefits to which you are otherwise entitled.

Consent, Right to Receive a Copy:

You are voluntarily making a decision whether or not to participate in this research study.
Your signature certifies that you have decided to participate having read and understood
the information presented. You will be given a copy of this consent form to keep.

Signature of Research Participant Date

Principal Investigator:
Michelle Howell Smith, mhowell2@unl.edu, (402) 472-4458 Office, (402) 432-3639 Cell

Advisor:
Dr. Ellen Weissinger, ewessingerl@unl.edu, (402) 472-2878 Office
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(individual phone interview: PhD students)

INFORMED CONSENT FORM

IRB# 20090610005 EX, 10005

Title: Factors that facilitate or inhibit enroliment of domestic engineering PhD students:
A mixed methods study

Purpose of the Research:

The goal of the proposed study, funded by the National Science Foundation, is to
understand the factors that facilitate or inhibit domestic student enrollment in engineering
Ph.D. programs, and to identify strategies for reinforcing positive factors or removing
barriers. The overarching goal of the project is to identify actionable strategies to
increase domestic student enrollments.

Procedures:

Participation in this study will require approximately 30 minutes of your time and will
consist of a semi-structured phone interview regarding your experience as an engineering
student. The interview will be audio taped with your permission.

Risks and/or Discomforts:
There are no known risks or discomforts associated with this research.

Benefits:

In order to attract more domestic students, universities need an empirical understanding
of the factors that underlie the decision to pursue or forego an engineering PhD. They
also need a new set of strategies for increasing domestic PhD enrollments. The proposed
study is designed to address both of these critical needs.

The findings of this research study will have broad application in the field of engineering
doctoral education. The results will be used to generate specific strategies that
universities can implement to increase domestic student enrollment in engineering PhD
programs.

Confidentiality:

Any information obtained during this study which could identify you will be kept strictly
confidential. The data will be stored in a locked cabinet in the investigator’s home office
and will only be seen by the investigator and transcriber during the study and for three
years after the study is complete. The audiotapes will be erased after transcription. The
information obtained in this study may be published in scientific journals or presented at
scientific meetings but the data will be reported using a pseudonym of your choosing.

Compensation:
You will receive a $25 gift card from Amazon.com for participating in this study.
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Opportunity to Ask Questions:

You may ask any questions concerning this research and have those questions answered
before agreeing to participate in or during the study. Or you may contact the investigator
via phone or email at any time. If you have questions concerning your rights as a research
subject that have not been answered by the investigator or to report any concerns about
the study, you may contact the University of Nebraska-Lincoln Institutional Review
Board, telephone (402) 472-6965.

Freedom to Withdraw:

You are free to decide not to participate in this study or to withdraw at any time without
adversely affecting your relationship with the investigators or the University of Nebraska.
Your decision will not result in any loss or benefits to which you are otherwise entitled.

Consent, Right to Receive a Copy:

You are voluntarily making a decision whether or not to participate in this research study.
Your indication of your agreement to participate in the reply e-mail certifies that you
have decided to participate having read and understood the information presented.

Principal Investigator:
Michelle Howell Smith, mhowell2@unl.edu, (402) 472-4458 Office, (402) 432-3639 Cell

Advisor:
Dr. Ellen Weissinger, eweissingerl@unl.edu, (402) 472-4929 Office
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(individual phone interview: industry PhDs)

INFORMED CONSENT FORM

IRB# 20090610005 EX, 10005

Title: Factors that facilitate or inhibit enroliment of domestic engineering PhD students:
A mixed methods study

Purpose of the Research:

The goal of the proposed study, funded by the National Science Foundation, is to
understand the factors that facilitate or inhibit domestic student enrollment in engineering
Ph.D. programs, and to identify strategies for reinforcing positive factors or removing
barriers. The overarching goal of the project is to identify actionable strategies to
increase domestic student enrollments.

Procedures:

Participation in this study will require approximately 30 minutes of your time and will
consist of a semi-structured phone interview regarding your experience as someone who
has earned a PhD in engineering and is working in a non-academic/industrial setting. The
interview will be audio taped with your permission.

Risks and/or Discomforts:
There are no known risks or discomforts associated with this research.

Benefits:

In order to attract more domestic students, universities need an empirical understanding
of the factors that underlie the decision to pursue or forego an engineering PhD. They
also need a new set of strategies for increasing domestic PhD enrollments. The proposed
study is designed to address both of these critical needs.

The findings of this research study will have broad application in the field of engineering
doctoral education. The results will be used to generate specific strategies that
universities can implement to increase domestic student enrollment in engineering PhD
programs.

Confidentiality:

Any information obtained during this study which could identify you will be kept strictly
confidential. The data will be stored in a locked cabinet in the investigator’s home office
and will only be seen by the investigator and transcriber during the study and for three
years after the study is complete. The audiotapes will be erased after transcription. The
information obtained in this study may be published in scientific journals or presented at
scientific meetings but the data will be reported using a pseudonym of your choosing.

Compensation:
There is no compensation for participating in this study.
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Opportunity to Ask Questions:

You may ask any questions concerning this research and have those questions answered
before agreeing to participate in or during the study. Or you may contact the investigator
via phone or email at any time. If you have questions concerning your rights as a research
subject that have not been answered by the investigator or to report any concerns about
the study, you may contact the University of Nebraska-Lincoln Institutional Review
Board, telephone (402) 472-6965.

Freedom to Withdraw:

You are free to decide not to participate in this study or to withdraw at any time without
adversely affecting your relationship with the investigators or the University of Nebraska.
Your decision will not result in any loss or benefits to which you are otherwise entitled.

Consent, Right to Receive a Copy:

You are voluntarily making a decision whether or not to participate in this research study.
Your indication of your agreement to participate in the reply e-mail certifies that you
have decided to participate having read and understood the information presented.

Principal Investigator:
Michelle Howell Smith, mhowell2@unl.edu, (402) 472-4458 Office, (402) 432-3639 Cell

Advisor:
Dr. Ellen Weissinger, eweissingerl@unl.edu, (402) 472-4929 Office



mailto:mhowell2@unl.edu
mailto:eweissinger1@unl.edu

Interest in the Engineering PhD 192

Appendix E: Phase Il Recruitment Flyer

923

Share your opinions about an Only 30 minutes
engineering education survey of your time

*gift card to the University Bookstore

Eligible students must be:
« US Citizen

« Junior or Senior

« Engineering Major

Email us tn‘ schedule your feedback session
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Appendix F: Phase Il Iterative Feedback Interview Protocol

Thank you for participating in our survey review. Your participation in the review is a
crucial part of our research project. We are developing a survey for undergraduate
engineering students, but since we are not engineers, we need to rely on you to give us
feedback on the survey. You are representing the thousands of students across the country
who will be taking the survey, so if you have questions or comments, we’d like to correct
them at this stage before we launch the survey. We appreciate your expert opinion!

We would like you to take the survey and answer the items in a natural way. Your
responses are not being collected, but we want to know what it is like for you to take the
survey.

As you are taking the survey, we would like you to think out loud and tell us any
thoughts you have about the items:
Did you have to think too long or too hard about an item?
Did an item irritate you?
Embarrass you?
Confuse you?
Is the wording on the items clear?
Did you understand the item?
Are there words in the items that you don’t understand?
Are there questions you just wanted to skip?
Avre there items you would just delete?
Are there items you would re-write to make clearer?

After you complete the survey we will have some general questions for you to respond to
about the survey.

1. What do you think the survey is about?

2. How is this survey relevant to your experience as an undergraduate engineer?
3. Were the answer choices appropriate for your response to the questions or did you
want another choice for your response? Did you use a variety of response
options?

Was the survey organized in a way that made sense to you?

Did you feel comfortable answering all of the questions?

Did you feel like you could answer the questions honestly, or did you want to
answer in a way that you think would make you look “better”?

What are your thoughts on the length of the survey?

Have any other important issues been overlooked?

9. Any other advice on how we could improve the survey?

o ok

o ~
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Appendix G: Initial Exploring Engineering Interest Inventory

Are you a US Citizen, Permanent Resident or National?
Yes
No

What year are you?
Junior
Senior
Super Senior (5+ years)
None of the above

What is your major?

Aerospace Engineering Engineering Mechanics
Agricultural Engineering Environmental Engineering
Architectural Engineering Industrial Engineering
Bioengineering Manufacturing Engineering
Biological Systems Engineering Materials Engineering
Biomedical Engineering Mechanical Engineering
Chemical Engineering Nuclear Engineering

Civil Engineering Software Engineering
Computer Engineering Telecommunications Engineering
Construction Engineering Not Engineering

Electrical Engineering Other Engineering

In what year do you plan to receive your bachelor’s degree?
2011
2012
2013
2014
2015 and beyond

Item Response Options: Strongly Agree, Agree, Disagree, Strongly Disagree

Personal Characteristics ltems
Confidence and self efficacy

1. | am intimidated by the thought of writing a dissertation.

2 | am not sure if | am smart enough to complete a PhD.

3. I think my GPA is good enough to get admitted to a PhD program.
4 | feel confident in my academic abilities.

Curiosity and love of learning

5. | am a naturally curious person.
6. I love to learn new things.

7. | enjoy helping others learn.
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Motivation and initiative
8. | know how to motivate myself.
9. | can take the initiative to get things done.

Problem solving
10. | consider myself a good problem solver.
11. Solving problems on a deeper level is satisfying for me.

Developmental maturity

12. | have clear career goals.

13. | know what kind of work | enjoy doing.

14. | feel | have had enough life experience to know what kind of work | want to do.
15.  Idon’t think my career interests will change.

Educational Environment ltems

Work load

16.  Ithink earning a PhD is even harder than earning a bachelor’s degree in
engineering.

17. | feel burned out by the amount of work required by the undergraduate
engineering curriculum.

18. | think the amount of time | would have to put into graduate school work would
be overwhelming.

19. I think graduate school classes are just like undergraduate classes, only a lot more
work.

Curriculum and pedagogy
20. My classes have helped me to develop my critical thinking skills.

21. | have had a lot of experience with problem solving in my engineering classes.

22. I feel engineering courses provide a lot of “hands on” experience.

23. | think there is really not much difference in the classes between undergraduate
and graduate.

24, | feel the undergraduate engineering curriculum encourages students to pursue
advanced engineering degrees.

25. | have had opportunities to conduct research in my undergraduate program.

Institutional programs and services

26.  Asan undergraduate engineering student, | have interacted with graduate
students.

27.  Engineering organizations/clubs are a valuable source of career information for
me as an undergraduate student.

28.  There are seminars/workshops about graduate school at my undergraduate
program.

29. | have a good idea of what it would take to get in to graduate school.

30. My undergraduate program focused on getting a good job after graduation.

31. Resources and support in finding an internship/co-op were readily available at my
undergraduate program.



32.

33.

34.

35.
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No one at my undergraduate program ever talked about graduate school as a
possibility.

| participated in workshops/seminars about graduate school at my undergraduate
program.

| participated in an in-depth program to prepare me for graduate school, such as
McNair, LSAMP, REU or others.

| have attended a graduate school fair to meet recruiters or faculty from graduate
programs.

Balance work, school and family life

36. | think graduate programs in engineering support a balance between school, work,
and family responsibilities.

37. | feel earning a PhD in engineering seems to be a flexible process.

38. | can have a family while earning a PhD in engineering.

39. | can work full-time while earning a PhD part-time.

Interpersonal Environment Questions

Family

40. My family encouraged me to pursue a bachelor’s degree in engineering.

41. Family responsibilities would make it difficult for me to pursue a PhD in
engineering.

42. My family would support me pursuing a PhD in engineering.

Peers

43. | know someone personally who is pursuing a PhD in engineering.

44, My peers are more interested in getting a good job than earning a PhD.

45, Not very many of my friends are thinking about earning a PhD.

46. I have talked to my friends about going to graduate school.

Industry

47. | have worked in a workplace (intern, co-op experience, career) where many
individuals had a PhD in engineering.

48.  Anindustry professional encouraged me to consider earning a PhD in
engineering.

49.  Anindustry professional discouraged me from considering a PhD in engineering.

50. Based on the messages from my colleagues in the workplace, on the job training
is more important for me than a PhD in terms of career opportunities.

51. PhD engineers are invisible in society in the workplace.

Professors and Mentors

52.

53.
54.

A faculty member discussed graduate school as an option in one or more of my
classes.

A faculty member shared his/her career path with me.

A faculty member described the importance of the PhD in the engineering field.



55.

56.

S7.
58.
59.
60.

61.
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A faculty member presented a seminar or workshop explaining the important
elements about graduate school (coursework, funding opportunities, potential
careers, etc.).

A faculty member has spoken to me about my future plans and/or career
aspirations.

A faculty member has taken interest in me and my future plans.

A faculty member talked with me about my abilities/academic talent.

A faculty member has given me confidence to pursue a PhD in engineering.
Faculty in my undergraduate program encouraged me to consider pursuing a PhD
in engineering.

I have worked closely with a faculty member on a research project.

Societal Views

62.
63.
64.
65.

| feel engineering is an important career for our society.

| believe PhD engineers are essential for the future of our society.

| think engineering is a prestigious career regardless of the educational level.
I don’t believe I would be viewed as an adult if I continued my education.

Nature of Work Questions

PhD level engineering work

66.
67.
68.

69.
70.

71.
72.

| think PhD engineers mainly do theoretical research and development.

For me, people with PhDs in engineering are not “real” engineers.

| think the only thing you can do with a PhD in engineering is become a faculty
member.

| believe PhD engineers are innovative thinkers.

| think people with a PhD in engineering are overqualified for most engineering
jobs.

PhD level engineering work is interesting and stimulating.

PhD level engineers have more freedom to choose the projects they work on.

Employment opportunities for engineers with different levels of education

73.

74.
75.
76.
77.

78.

79.
80.
81.
82.
83.

I can do the same kind of work that a PhD engineer can do with a bachelor’s
degree.

Earning a PhD in engineering would limit my employment opportunities.
Earning a PhD in engineering would pigeonhole me into doing only one thing.
In my career, I can do anything I want with a bachelor’s degree in engineering.

I don’t think there is any reason for a company to pay for a PhD employee over a
bachelor’s degree employee if they both can do the work.

A PhD may be the only way for a person to obtain the specific career he/she
desires.

| understand the kind of work that PhD-level engineers do.

In order to get a good job I need to continue my education.

A bachelor’s degree in engineering is all that I need to obtain a great job.

I can get any job I want with a bachelor’s degree in engineering..

PhD engineers may be highly sought after for their skills in certain niche markets.



Interest in the Engineering PhD 198

Bachelors or masters level engineering work

84. | know bachelors-level engineering work is hands-on.

85. | feel on the job training is more important than earning a PhD in engineering.

86. | believe that the education | get from my employer will help me advance in my
career.

Economic and Personal Costs Questions
Education cost

87. | think graduate school is expensive.

88. | would probably need to take out loans to pay for graduate school.

89. | believe PhD students get free tuition.

90. | think PhD students get paid to go to graduate school.

91.  The debt I have incurred for my bachelor’s degree is a consideration in whether I

would go to graduate school.
92. I would be worried I wouldn’t be paying my student loan debt if I went to
graduate school.

Opportunity cost of advanced education

93. I do not think PhD students are able to work full-time while going to graduate
school.

94. | would consider graduate school if my company paid for it.

95. | would give up a good job in order to get the education necessary for the career |
want.

96. | would delay taking a good job in order to get the education necessary for the
career | want.

97. | would be willing to make less money in the short term in order to work in a

career | find rewarding.

98.  Ithink there is a big difference in the salary for a bachelor’s-level job and what a
graduate student would get paid while going to school.

99. A PhD in engineering seems like a needless investment to me.

Personal financial influences

100. I would have to put my life on hold if I went to graduate school.

101. Ido not think PhD students can afford to buy the nicer things in life.

102. I think it is financially difficult to start a family while working towards a PhD.

103. I think PhD programs are not designed for people who want to have a life.

104.  There would not be enough time for my family if I pursue a PhD.

105. I would have to give up having fun and having a social life if | worked towards a
PhD.

106. I would not be able to make a major purchase (such as a car or house) on a
graduate assistant salary.

DEMOGRAPHIC INFORMATION

What is the highest level of education you plan to complete?
o Bachelor’s degree in engineering field
o Master’s degree in engineering field
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MBA

Master’s degree in other field (not engineering or business)
Doctorate or PhD in engineering field

Doctorate or PhD in other field

Have you considered getting a PhD in engineering?

@)
©)
@)

Yes, | have seriously considered it
Yes, | have considered it, but not seriously
No, ’ve never really thought about getting a PhD (skip next item)

What are your plans concerning the PhD in engineering?

©)
@)

o

@)
®)

I’m definitely planning on earning an engineering PhD

I’m learning towards getting a PhD in engineering, but not 100%
committed to it yet

I’'m somewhat interested in getting a PhD in engineering, but need more
information

I’m completely undecided about pursuing an engineering PhD

I’m definitely not going to pursue a PhD in engineering

What is the highest level of education completed by someone in your family?

o]
o]
@]
o]
@]
o]
@]
o]
Yes No
Yes No
Yes No

Some high school

High school graduate

Some college, but did not finish
Two-year college degree

Four-year college degree

Some graduate or professional school
Graduate or professional degree
Doctorate or PhD

| have participated in Undergraduate Research

I have participated in an engineering internship or co-op

| have experience as an undergraduate teaching others in formal or
informal settings such as serving as a teaching assistant, tutoring, leading
study groups or grading

Employment status:

©)

o O O

Student status:

©)
@)

Full-time
Part-time
Unemployed
Retired

Full-time student
Part-time student
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What is your gender?
o Male
o Female
o Transgender

Are you Hispanic/Latino (choose only one)?
o No, not Hispanic/Latino
o Yes, Hispanic/Latino

Race (choose one or more, regardless of ethnicity status selected above)
o American Indian or Alaska Native

Asian

Black or African American

Native Hawaiian or Other Pacific Islander

White

o O O O
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Appendix H: Pilot Exploring Engineering Interest Inventory

Page 1: Background Information
Thank you for agreeing to share your opinions about engineering education program

Please honestly answer the questions based on your beliefs and experience. We realize
you may not have thought about these topics or had all of these experiences and that is ok
— we are trying to understand the range of experiences and impressions engineering
students have had regarding these issues.

Are you a US Citizen or Permanent Resident? (*REQUIRED RESPONSE)
Yes
No

What year are you?

Junior

Senior

Super Senior/5™ Year Senior
None of the above

What is your major?
Aerospace Engineering Engineering Mechanics
Agricultural Engineering Environmental Engineering
Architectural Engineering Industrial Engineering
Bioengineering Manufacturing Engineering
Biological Systems Engineering Materials Engineering
Biomedical Engineering Mechanical Engineering
Chemical Engineering Nuclear Engineering

Civil Engineering Software Engineering

Computer Engineering
Construction Engineering
Electrical Engineering

Telecommunications Engineering
Not Engineering
Other Engineering

In what year do you plan to receive your bachelor’s degree?
2011

2012

2013

2014

2015 or beyond
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(Scale: Strongly Agree, Agree, Somewhat Agree, Somewhat Disagree, Disagree,
Strongly Disagree)

Page #2 Personal Characteristics

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.

| am a naturally curious person.

| am intimidated by the thought of writing a dissertation.

| consider myself a good problem solver.

| am smart enough to complete a PhD.

| love to learn new things.

My GPA is good enough to get admitted to a PhD program.

| know how to motivate myself to get things done.

| have clear career goals.

| feel confident in my academic abilities.

| have had enough experience to know what kind of work | want to do.

Page #3 Educational Environment

83.

84.
85.
86.

87.
88.

89.
90.
91.
92.

93.
94,
95.
96.

97.

| feel burned out by the amount of work required by the undergraduate
engineering curriculum.

| have had a lot of experience with problem solving in my engineering classes.
Engineering clubs/organizations are helpful in finding career information.

My undergraduate program is geared towards helping me get a good job after
graduation.

Graduate school classes focus more on specific topics than undergraduate classes.
[ think earning a PhD is even harder than earning a bachelor’s degree in
engineering.

My classes have helped me to develop my critical thinking skills.

There are opportunities to conduct research in my undergraduate program.

| know what it would take to get admitted to a PhD program.

No one at my undergraduate program ever talked about earning a PhD as a
possibility.

The amount of time | would have to put into a PhD would be overwhelming for
me.

In general, engineering courses provide a lot of “hands on” experience.

My undergraduate program includes seminars/workshops about graduate school.
Resources and support in finding an internship/co-op are readily available at my
undergraduate program.

Graduate school classes are just like undergraduate classes, only a lot more work.

Page #4 Interpersonal Environment

98.
99.
100.
101.
102.

My family would support me pursuing a PhD in engineering.

| believe engineers with PhDs are essential for the future of our society.
My family encouraged me to pursue a bachelor’s degree in engineering.
My peers are more interested in getting a good job than earning a PhD.
| know people who are pursuing or have a PhD in engineering.



103.

104.
105.
106.
107.
108.
109.
110.

111.
112.
113.
114.
115.
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Family responsibilities would make it difficult for me to pursue a PhD in
engineering.

Not many of my friends are thinking about earning a PhD.

| think engineering is a prestigious career regardless of the educational level.
I have worked closely with a professor on a research project.

Professors have described the importance of the PhD in the engineering field.
In general, engineers in industry encourage earning a PhD in engineering.

A Professional Engineering license is more valued by industry than a PhD.
Professors have discussed earning a PhD as an option in one or more of my
classes.

On the job training is more important than a PhD in terms of career opportunities.
A professor has taken interest in my future plans or career aspirations.

A professor has shared his/her career path with me.

There are few engineers who have earned a PhD working in industry.
Professors in my undergraduate program encouraged me to pursue a PhD in
engineering.

Page #5 Engineering Work

116.
117.
118.
119.
120.

121.
122.
123.
124.

125.
126.

127.

128.
129.

130.

The only thing you can do with a PhD in engineering is become a professor.
Earning a PhD in engineering would reduce my employment opportunities.

| understand the kind of work that engineers with PhDs do.

For me, engineers with PhDs do not do “real” engineering work.

In order to get a good job | need to continue my education beyond a bachelor’s
degree.

| think engineers with a PhD mainly do theoretical research and development.
A bachelor’s degree in engineering is all that I need to get any job I want.

| believe engineers with a PhD are innovative thinkers.

A PhD may be the only way for a person to obtain the specific career he/she
desires.

Engineers with a PhD have more freedom to choose the projects they work on.
| think people with a PhD in engineering are overqualified for most engineering
jobs.

Engineers with a PhD are highly sought after for their skills in certain specialized
fields.

PhD level engineering work is interesting and stimulating.

I can do the same kind of work with a bachelor’s degree that an engineer with a
PhD can do.

Earning a PhD in engineering would limit my career possibilities to a few
specialized positions.

Page #6 Economic and Personal Costs

131.
132.

133.

| would need to take out loans to pay for a PhD.

I would be willing to make less money in the short term in order to work in a
career | find rewarding.

| am aware of the funding opportunities such as fellowships and assistantships
that pay for PhD programs.
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134. Balancing school, work and family time would be a factor in considering a PhD.

135. 1think PhD programs are expensive.

136. 1 would delay taking a good job in order to get the education necessary for the
career | want.

137.  Ithink it would be financially difficult to start a family while working towards a
PhD.

138. 1 would be unable to make a major purchase (such as a car or house) if | were a
full-time graduate student.

139. The debt I have incurred for my bachelor’s degree is a consideration in whether I
would pursue a PhD.

140. A PhD in engineering seems like a needless investment to me.

141. 1 would consider graduate school if my employer paid for it.

142. | could work full-time while earning a PhD part-time.

143. 1 would have to continue to put my life on hold if | pursued a PhD.

144. 1 would have to give up having fun and having a social life if | worked towards a
PhD.

Page #7 Engineering Experience

(Scale: Yes, No)

| have attended a graduate school workshop.

| have participated in a graduate school preparation program, such as McNair, LSAMP,
REU or others.

| have participated in undergraduate research.

| have participated in an engineering internship or co-op.

| have worked as an undergraduate teaching assistant.

| have lead study groups.

| have tutored others formally or informally.

| have assisted with grading.

| have attended a graduate school fair to meet recruiters or professors from graduate

programs.

| have interacted with engineering graduate students.
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Page 8: Engineering Interest

What degrees have you CONSIDERED or thought about pursuing? (*REQUIRED
RESPONSE)

Master’s degree in engineering field

Doctorate or PhD in engineering field

MBA

Master’s degree in other field (not engineering or business)

Doctorate or PhD in other field

Other advanced degree (law, medicine, etc.)

None of the above

What degree(s) do you PLAN to pursue/complete?
Master’s degree in engineering field

Doctorate or PhD in engineering field

MBA

Master’s degree in other field (not engineering or business)
Doctorate or PhD in other field

Other advanced degree (law, medicine, etc.)

None of the above

How likely are you to pursue a MASTER’S DEGREE in engineering?
Very likely

Somewhat likely

Somewhat unlikely

Very unlikely

How likely are you to pursue a PhD in engineering?
Very likely

Somewhat likely

Somewhat unlikely

Very unlikely

Page #9: Demographic Information

What is the highest level of education completed by your parents or guardians?
Some high school

High school graduate

Some college

Two-year college degree

Four-year college degree

Some graduate or professional school

Graduate or professional degree

Doctorate or PhD

Growing up, was there anyone important to you who had earned a PhD in any field?
Yes
No
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What is your gender?
Male

Female

Transgender

Are you Hispanic/Latino?
No, not Hispanic/Latino
Yes, Hispanic/Latino

Race (choose one or more, regardless of ethnicity status selected above)
American Indian or Alaska Native

Asian

Black or African American

Native Hawaiian or Other Pacific Islander

White

Have you ever been eligible for a federal Pell Grant?
Yes

No

Don’t Know

Page #10 Survey End and Thank You

Thank you for being willing to share your perceptions about engineering education. If
you have any questions about this study or have additional feedback, you may contact us
at NSFEngineeringStudy@gmail.com.

Please click on the "Done" button below to submit your responses and end the survey.
Thank you.
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Appendix I: Phase 111 Recruitment Messages and Informed Consent

Invitation/Informed Consent
Subject: NSF Engineering Interest Survey
Dear [FirstName]:

You have been selected to participate in a study on engineering education funded by the
National Science Foundation. You are invited to share your views because you are an
engineering student. [or “an engineering PhD student” or a “recent graduate of an
engineering PhD program” — as appropriate for survey]

The online survey will take approximately 15-20 minutes. The survey will include
questions about your interest and skills in engineering as well as your experiences and
beliefs about engineering education (undergraduate through PhD).

Please help us improve your engineering education program by completing this survey.
Here is a link to the survey: [SurveyLink]

This link is uniquely tied to this survey and your email address. Please do not forward
this message.

Thanks for your participation!

This project has been approved by the University of Nebraska Institutional Review Board
#20110111495EX

Purpose of the Research: The goal of the proposed study, funded by the National Science
Foundation, is to identify actionable strategies to increase domestic student enrollments
in engineering PhD programs.

Procedures: Participation in this study will require approximately 15-20 minutes of your
time and will consist of completing a web-Based survey. You must be at least 19 years of
age to participate.

Risks, Benefits, and/or Compensation: There are no known risks or discomforts
associated with this research. The benefits of participating will include being able to
provide information about your perception of the engineering PhD. There will be no
compensation for participating in this research.

Confidentiality: Any information obtained during this study which could identify you
will be kept strictly confidential. The data will be stored in a locked cabinet in the
investigator’s home office and will only be seen by the investigator and authorized
research team members during the study and for three years after the study is complete.
The data will be stripped of any identifying information when the data are transferred into
an analysis software package. The de-identified data will be analyzed and reported in
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aggregate form. The information obtained in this study may be published in scientific
journals or presented at scientific meetings.

Opportunity to Ask Questions: You may ask any guestions concerning this research and
have those questions answered before agreeing to participate in or during the study. Or
you may contact the investigator via phone or email at any time. If you have questions
concerning your rights as a research subject that have not been answered by the
investigator or to report any concerns about the study, you may contact the University of
Nebraska-Lincoln Institutional Review Board, telephone (402) 472-6965.

Freedom to Withdraw: You are free to decide not to participate in this study or to
withdraw at any time without adversely affecting your relationship with the investigators
or the University of Nebraska. Your decision will not result in any loss or benefits to
which you are otherwise entitled.

Consent, Right to Receive a Copy: You are voluntarily making a decision whether or not
to participate in this research study. By completing the survey, your consent to participate
is implied. You may wish to print a copy of this form for your records.

Please note: If you do not wish to receive further emails from us, please click this link
and you will be automatically removed from our mailing list: [RemoveLink]

Here is another link to begin the survey: [SurveyLink]
Reminder 1
Subject: Your opinions needed to improve engineering education

Dear [FirstName]:

It is not too late to complete the survey funded by the National Science Foundation to
help us improve your engineering education program.

Here is a link to the survey: [SurveyLink]

This link is uniquely tied to this survey and your email address. Please do not forward
this message.

Thanks for your participation!

Please note: If you do not wish to receive further emails from us, please click this link
and you will be automatically removed from our mailing list: [RemoveLink]
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Reminder 2
Subject: It is not too late to help improve engineering education
Dear [FirstName]:

There is still time to participate in the study funded by the National Science Foundation
to help us improve your engineering education program.

Here is a link to the survey: [SurveyLink]

This link is uniquely tied to this survey and your email address. Please do not forward
this message.

Thanks for your participation!

Please note: If you do not wish to receive further emails from us, please click this link
and you will be automatically removed from our mailing list: [RemoveLink]
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Appendix J: 5-factor EFA solution with all 72 items

Cumulative variance explained: 30.427 1 2 3 4 5
EW15: Earning a PhD in engineering would limit my 722

career possibilities to a few specialized positions.

EW2: Earning a PhD in engineering would reduce my .696

employment opportunities.

EW11: | think people with a PhD in engineering are .599

overqualified for most engineering jobs.
EPC13: | would have to continue to put my life on hold if .562
| pursued a PhD.

EW1: The only thing you can do with a PhD in .555
engineering is become a professor.
EW4: For me, engineers with PhDs do not do “real” .549

engineering work.

EPC14: | would have to give up having fun and havinga .542
social life if | worked towards a PhD.

EWG: | think engineers with a PhD mainly do theoretical .530
research and development.

IE17: There are few engineers who have earned a PhD 414
working in industry.

IE14: On the job training is more important than a PhD 373 -.322
in terms of career opportunities.
IE11: In general, engineers in industry encourage -.340 .326

earning a PhD in engineering.

IE12: A Professional Engineering license is more valued .337
by industry than a PhD.

IE6: Family responsibilities would make it difficult for me  .320
to pursue a PhD in engineering.

EPCT7: | think it would be financially difficult to start a 311 -.308
family while working towards a PhD.

EEG: | think earning a PhD is even harder than earning

a bachelor’s degree in engineering.

EE15: Graduate school classes are just like

undergraduate classes, only a lot more work.

IE18: Professors in my undergraduate program 591
encouraged me to pursue a PhD in engineering.

IE13: Professors have discussed earning a PhD as an .578

option in one or more of my classes.

IE9: | have worked closely with a professor on a .554
research project.

IE15: A professor has taken interest in my future plans 545 316
or career aspirations.

EPCS5: | think PhD programs are expensive. -.538

IE5: | know people who are pursuing or have a PhD in 524
engineering.

IE10: Professors have described the importance of the 516 .327
PhD in the engineering field.

EWS3: | understand the kind of work that engineers with 511

PhDs do.

EE9: | know what it would take to get admitted to a PhD 495
program.

EPC3: | am aware of the funding opportunities such as 438
fellowships and assistantships that pay for PhD

programs.

EPCL1: | would need to take out loans to pay for a PhD. -.425
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EPCS: | would be unable to make a major purchase 349  -.396
(such as a car or house) if | were a full-time graduate

student.

IE7: Not many of my friends are thinking about earning a -.376
PhD.

IE16: A professor has shared his/her career path with .366
me.

IE4: My peers are more interested in getting a good job 315 -.364

than earning a PhD.

EE10: No one at my undergraduate program ever talked .327 -.331

about earning a PhD as a possibility.

EPC11: | would consider graduate school if my -.322 .310
employer paid for it.

EPC4: Balancing school, work and family time would be -.319

a factor in considering a PhD.

EPC9: The debt | have incurred for my bachelor’s -.313
degree is a consideration in whether | would pursue a

PhD.

EPC12: | could work full-time while earning a PhD part-

time.

EE7: My classes have helped me to develop my critical .633
thinking skills.

EE12: In general, engineering courses provide a lot of .564
“hands on” experience.

EEZ2: | have had a lot of experience with problem solving 512
in my engineering classes.

EE3: Engineering clubs/organizations are helpful in .500
finding career information.

EE14: Resources and support in finding an 437
internship/co-op are readily available at my

undergraduate program.

EE4: My undergraduate program is geared towards 426
helping me get a good job after graduation.

EE13: My undergraduate program includes .390
seminars/workshops about graduate school.

IE8: | think engineering is a prestigious career .387
regardless of the educational level.

PC8: | have clear career goals. 326 .314

IE3: My family encouraged me to pursue a bachelor’s
degree in engineering.

EES8: There are opportunities to conduct research in my
undergraduate program.

PC10: | have had enough experience to know what kind
of work | want to do.

PC3: | consider myself a good problem solver. .651
PC9: | feel confident in my academic abilities. .648
PC4: | am smart enough to complete a PhD. .623
PC6: My GPA is good enough to get admitted to a PhD 522
program.

PCS5: | love to learn new things. 479
PC7: | know how to motivate myself to get things done. 470
PC1: | am a naturally curious person. 437
EE11: The amount of time | would have to put into a .352 -.431
PhD would be overwhelming for me.

PC2: | am intimidated by the thought of writing a -414

dissertation.
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EE1: | feel burned out by the amount of work required -.304
by the undergraduate engineering curriculum.

EES5: Graduate school classes focus more on specific

topics than undergraduate classes.

IE2: | believe engineers with PhDs are essential for the .632
future of our society.

EW13: PhD level engineering work is interesting and 572
stimulating.

EPC10: A PhD in engineering seems like a needless 499 -.521
investment to me.

EWS8: | believe engineers with a PhD are innovative .518
thinkers.

EW10: Engineers with a PhD have more freedom to 458
choose the projects they work on.

EW?7: A bachelor's degree in engineering is all that | -.443
need to get any job | want.

EPC6: | would delay taking a good job in order to get the A17
education necessary for the career | want.

EW12: Engineers with a PhD are highly sought after for 379
their skills in certain specialized fields.

EWS5: In order to get a good job | need to continue my 379
education beyond a bachelor’s degree.

IE1: My family would support me pursuing a PhD in .367
engineering.

EW9: A PhD may be the only way for a person to obtain .364
the specific career he/she desires.

EPC2: | would be willing to make less money in the .305
short term in order to work in a career | find rewarding.

EW14: | can do the same kind of work with a bachelor’s -.301

degree that an engineer with a PhD can do.
Extraction Method: Principal Axis Factoring.
Rotation Method: Varimax with Kaiser Normalization.
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Appendix K: 4-factor EFA solution with all 72 items

Cumulative variance explained: 27.275 1 2 3 4
EW2: Earning a PhD in engineering would reduce my .688

employment opportunities.

EW15: Earning a PhD in engineering would limit my career .656

possibilities to a few specialized positions.

EPC10: A PhD in engineering seems like a needless .644 314

investment to me.

EW4: For me, engineers with PhDs do not do “real” 547

engineering work.

EW13: PhD level engineering work is interesting and -.522 .348
stimulating.

EW1: The only thing you can do with a PhD in engineering is .501
become a professor.

IE11: In general, engineers in industry encourage earning a -.499
PhD in engineering.

EW11: | think people with a PhD in engineering are 495
overqualified for most engineering jobs.

IE14: On the job training is more important than a PhD in A71
terms of career opportunities.

EW10: Engineers with a PhD have more freedom to choose -.461
the projects they work on.

EWS: | believe engineers with a PhD are innovative thinkers. -.455
IE17: There are few engineers who have earned a PhD 430
working in industry.

IE2: | believe engineers with PhDs are essential for the future  -.424
of our society.

IE12: A Professional Engineering license is more valued by 418
industry than a PhD.

EW?7: A bachelor’s degree in engineering is all that | need to 415
get any job | want.

EW12: Engineers with a PhD are highly sought after for their -.389
skills in certain specialized fields.

EW®: | think engineers with a PhD mainly do theoretical 346 .304
research and development.

EW14: | can do the same kind of work with a bachelor’s .338

degree that an engineer with a PhD can do.
EPC2: | would be willing to make less money in the short term
in order to work in a career | find rewarding.

EPCS5: | think PhD programs are expensive. .646
EPC1: | would need to take out loans to pay for a PhD. .587
EPCS8: | would be unable to make a major purchase (such as .535
a car or house) if | were a full-time graduate student.

EPC13: | would have to continue to put my life on hold if | A72 494
pursued a PhD.

EE11: The amount of time | would have to put into a PhD 462 -.313
would be overwhelming for me.

EPC4: Balancing school, work and family time would be a 455
factor in considering a PhD.

EPC7: | think it would be financially difficult to start a family 452

while working towards a PhD.

EPC14: | would have to give up having fun and having a social .333  .446

life if | worked towards a PhD.

IE9: | have worked closely with a professor on a research -422 325
project.
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EE9: | know what it would take to get admitted to a PhD -414 367
program.

EPC9: The debt | have incurred for my bachelor’s degree is a .397
consideration in whether | would pursue a PhD.

IE5: | know people who are pursuing or have a PhD in -391 .373
engineering.

EW3: | understand the kind of work that engineers with PhDs -.378 371
do.

IE4: My peers are more interested in getting a good job than .353 317
earning a PhD.

PC2: | am intimidated by the thought of writing a dissertation. .352

IE7: Not many of my friends are thinking about earning a PhD. .345

EPC3: | am aware of the funding opportunities such as -.343
fellowships and assistantships that pay for PhD programs.

IE6: Family responsibilities would make it difficult for me to 313

pursue a PhD in engineering.

EE®6: | think earning a PhD is even harder than earning a .310

bachelor’s degree in engineering.

EE10: No one at my undergraduate program ever talked about
earning a PhD as a possibility.

EE1: | feel burned out by the amount of work required by the
undergraduate engineering curriculum.

EE15: Graduate school classes are just like undergraduate
classes, only a lot more work.

EW9: A PhD may be the only way for a person to obtain the
specific career he/she desires.

EE7: My classes have helped me to develop my critical .565
thinking skills.

IE15: A professor has taken interest in my future plans or -.329 562
career aspirations.

IE13: Professors have discussed earning a PhD as an option -.313 557
in one or more of my classes.

IE10: Professors have described the importance of the PhD in 544
the engineering field.

IE18: Professors in my undergraduate program encouraged -.367 .523
me to pursue a PhD in engineering.

EE12: In general, engineering courses provide a lot of “hands .509
on” experience.

EEZ2: | have had a lot of experience with problem solving in my 479
engineering classes.

EE3: Engineering clubs/organizations are helpful in finding 456
career information.

EE13: My undergraduate program includes 453
seminars/workshops about graduate school.

IE16: A professor has shared his/her career path with me. 420
EE14: Resources and support in finding an internship/co-op .378
are readily available at my undergraduate program.

EES8: There are opportunities to conduct research in my .367
undergraduate program.

PCS8: | have clear career goals. 341
PC10: | have had enough experience to know what kind of .320
work | want to do.

EE4: My undergraduate program is geared towards helping .309
me get a good job after graduation.

IE8: | think engineering is a prestigious career regardless of .303

the educational level.
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IE3: My family encouraged me to pursue a bachelor’'s degree
in engineering.
EPC12: | could work full-time while earning a PhD part-time.

PC3: | consider myself a good problem solver. .609
PC9: | feel confident in my academic abilities. 309 592
PC4: | am smart enough to complete a PhD. .564
PC5: | love to learn new things. 527
PC1: | am a naturally curious person. .516
PC6: My GPA is good enough to get admitted to a PhD 494
program.

PC7: | know how to motivate myself to get things done. 419
IE1: My family would support me pursuing a PhD in 373
engineering.

EPCG6: | would delay taking a good job in order to get the .365
education necessary for the career | want.

EPC11: | would consider graduate school if my employer paid .334 .351
for it.

EES5: Graduate school classes focus more on specific topics 331

than undergraduate classes.
EWS5: In order to get a good job | need to continue my
education beyond a bachelor’s degree.

Extraction Method: Principal Axis Factoring.

Rotation Method: Varimax with Kaiser Normalization.



Appendix L: Rationales for Deleting Items

Interest in the Engineering PhD 216

Iltem Rnd Statistical reason Theoretical Reason
EEL1: | feel burned out by the amount of work 1 low loading not helpful information
required by the undergraduate engineering

curriculum.

EE10: No one at my undergraduate program 1 low loading confusing

ever talked about earning a PhD as a

possibility.

EE11: The amount of time | would have toput 1 cross-loadings pseudo double barreled
into a PhD would be overwhelming for me.

EE14: Resources and support in finding an 1 low loading not helpful information
internship/co-op are readily available at my

undergraduate program.

EE15: Graduate school classes are just like 1 low item not helpful information
undergraduate classes, only a lot more work. communalities

EE4: My undergraduate program is geared 1 low loading not helpful information
towards helping me get a good job after

graduation.

EES5: Graduate school classes focus more on 1 low item not helpful information
specific topics than undergraduate classes. communalities

EESG6: | think earning a PhD is even harder than 1 low loading not helpful information
earning a bachelor’s degree in engineering.

EE9: | know what it would take to get admitted 1 cross-loadings confusing

to a PhD program.

EW12: Engineers with a PhD are highly sought 1 low loading not helpful information
after for their skills in certain specialized fields.

EW13: PhD level engineering work is 1 cross-loadings pseudo double barreled
interesting and stimulating.

EWS3: | understand the kind of work that 1 cross-loadings not helpful information
engineers with PhDs do.

EWS5: In order to get a good job | need to 1 low item big qual topic
continue my education beyond a bachelor’s communalities

degree.

EW9: A PhD may be the only way for a person 1 low loading not helpful information
to obtain the specific career he/she desires.

EPC10: A PhD in engineering seems like a 1 cross-loadings pseudo double barreled
needless investment to me.

EPC11: | would consider graduate school if my 1 cross-loadings not helpful information
employer paid for it.

EPC12: | could work full-time while earning a 1 low item not helpful information
PhD part-time. communalities

EPC13: | would have to continue to put my life 1 cross-loadings big qual topic

on hold if | pursued a PhD.

EPC2: | would be willing to make less money 1 low item speculation

in the short term in order to work in a career | communalities

find rewarding.

EPC3: | am aware of the funding opportunities 1 low loading not helpful information
such as fellowships and assistantships that

pay for PhD programs.

EPCB6: | would delay taking a good job in order 1 low loading speculation

to get the education necessary for the career |

want.

IE1: My family would support me pursuing a 1 low loading pseudo double barreled
PhD in engineering.

IE3: My family encouraged me to pursue a 1 low item not helpful information
bachelor's degree in engineering. communalities

IE4: My peers are more interested in gettinga 1 cross-loadings not big qual topic
good job than earning a PhD.

IE5S: | know people who are pursuing or have a 1 cross-loadings wrong section

PhD in engineering.
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Iltem Rnd Statistical reason Theoretical Reason
IE6: Family responsibilities would make it 1 low loading not relevant

difficult for me to pursue a PhD in engineering.

IE7: Not many of my friends are thinking about 1 low loading not big qual topic
earning a PhD.

IE8: | think engineering is a prestigious career 1 low item not helpful information
regardless of the educational level. communalities

IE9: | have worked closely with a professoron 1 cross-loadings wrong section

a research project.

PC10: | have had enough experience to know 1 low loading not helpful information
what kind of work | want to do.

PC2: | am intimidated by the thought of writing 1 low loading big qual topic

a dissertation.

PC7: I know how to motivate myself to get 1 low loading not big qual topic
things done.

PC8: | have clear career goals. 1 low loading not big qual topic
EE7: My classes have helped me to develop 2 cross-loadings pseudo double barreled
my critical thinking skills.

EW10: Engineers with a PhD have more 2 low loading not relevant

freedom to choose the projects they work on.

EWS: | believe engineers with a PhD are 2 cross-loadings not helpful information
innovative thinkers.

IE11: In general, engineers in industry 2 cross-loadings pseudo double barreled
encourage earning a PhD in engineering.

IE2: | believe engineers with PhDs are 2 low loading not helpful information
essential for the future of our society.

EE12: In general, engineering courses provide 3 low loading not helpful information
a lot of “hands on” experience.

EE2: | have had a lot of experience with 3 low loading not helpful information
problem solving in my engineering classes.

EE3: Engineering clubs/organizations are 3 low loading not big qual topic
helpful in finding career information.

EW14: | can do the same kind of work with a 3 low loading big qual topic
bachelor’'s degree that an engineer with a PhD

can do.

IE16: A professor has shared his/her career 3 low loading not relevant

path with me.

EW2: Earning a PhD in engineering would 4 mod indicies w/in factor correlation
reduce my employment opportunities.

EW?7: A bachelor’'s degree in engineering is all 4 low loading big qual topic

that | need to get any job | want.

IE12: A Professional Engineering license is 4 low loading not big qual topic
more valued by industry than a PhD.

EES8: There are opportunities to conduct 5 low item wrong section
research in my undergraduate program. communalities

EPC14: | would have to give up having funand 6 cross-loadings pseudo double barreled
having a social life if | worked towards a PhD.

PC1: | am a naturally curious person. 6 mod indicies w/in factor correlation
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Appendix M: Validated Exploring Engineering Interest Inventory

Page 1: Background Information

Thank you for agreeing to share your opinions about engineering education program

Please honestly answer the questions based on your beliefs and experience. We realize
you may not have thought about these topics or had all of these experiences and that is ok
— we are trying to understand the range of experiences and impressions engineering

students have had regarding these issues.

Are you a US Citizen or Permanent Resident? (*REQUIRED RESPONSE)

Yes
No

What year are you?
Freshman

Sophomore

Junior

Senior

Super Senior/5™ Year Senior

What is your major?
Aerospace Engineering
Agricultural Engineering
Architectural Engineering
Bioengineering
Biological Systems Engineering
Biomedical Engineering
Chemical Engineering
Civil Engineering
Computer Engineering
Construction Engineering
Construction Management
Electrical Engineering
Engineering Mechanics

Engineering Physics
Environmental Engineering
Industrial Engineering
Manufacturing Engineering
Materials Engineering
Mechanical Engineering
Nuclear Engineering
Optical Engineering
Software Engineering
Telecommunications Engineering
Undeclared Engineering
Not Engineering

Other Engineering

In what year do you plan to receive your bachelor’s degree?

2011
2012
2013
2014
2015 or beyond
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Page #2 Engineering Environment

(Scale: Strongly Agree, Agree, Somewhat Agree, Somewhat Disagree, Disagree,
Strongly Disagree; All items randomized across factors)

Personal Characteristics (PC)

1.

2
3.
4.
5

| feel confident in my academic abilities.

| am smart enough to complete a PhD.

| consider myself a good problem solver.

My GPA is good enough to get admitted to a PhD program.
I love to learn new things.

Educational Environment (EE)

6.
7.

8.

9.
10.

Professors have described the importance of the PhD in the engineering field.
Professors in my undergraduate program encouraged me to pursue a PhD in
engineering.

Professors have discussed earning a PhD as an option in one or more of my
classes.

A professor has taken interest in my future plans or career aspirations.

My undergraduate program includes seminars/workshops about graduate school.

Engineering Work (EW)

11.

12.
13.
14.

15.
16.
17.

Earning a PhD in engineering would limit my career possibilities to a few
specialized positions.

For me, engineers with PhDs do not do “real” engineering work.

The only thing you can do with a PhD in engineering is become a professor.

| think people with a PhD in engineering are overqualified for most engineering
jobs.

| think engineers with a PhD mainly do theoretical research and development.
There are few engineers who have earned a PhD working in industry.

On the job training is more important than a PhD in terms of career opportunities.

Economic and Personal Costs (EPC)

18.
19.
20.
21.
22.

23.

| would need to take out loans to pay for a PhD.

| think PhD programs are expensive.

| think it would be financially difficult to start a family while working towards a
PhD.

| would be unable to make a major purchase (such as a car or house) if | were a
full-time graduate student.

The debt I have incurred for my bachelor’s degree is a consideration in whether I
would pursue a PhD.

Balancing school, work and family time would be a factor in considering a PhD.
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Page #3 Engineering Experience (EXP)

(Scale: Yes, No)

| have attended a graduate school workshop.

| have participated in a graduate school preparation program, such as McNair, LSAMP,
REU or others.

| have participated in undergraduate research.

| have participated in an engineering internship or co-op.

| have worked as an undergraduate teaching assistant.

| have lead study groups.

| have tutored others formally or informally.

| have assisted with grading.

| have attended a graduate school fair to meet recruiters or professors from graduate

programs.

| have interacted with engineering graduate students.

Page 4: Engineering Interest

What degrees have you CONSIDERED or thought about pursuing? (*REQUIRED
RESPONSE)

Master’s degree in engineering field

Doctorate or PhD in engineering field

MBA

Master’s degree in other field (not engineering or business)

Doctorate or PhD in other field

Other advanced degree (law, medicine, etc.)

None of the above

What degree(s) do you PLAN to pursue/complete?
Master’s degree in engineering field

Doctorate or PhD in engineering field

MBA

Master’s degree in other field (not engineering or business)
Doctorate or PhD in other field

Other advanced degree (law, medicine, etc.)

None of the above

How likely are you to pursue a MASTER’S DEGREE in engineering?
Very likely

Somewhat likely

Somewhat unlikely

Very unlikely

How likely are you to pursue a PhD in engineering?
Very likely

Somewhat likely

Somewhat unlikely

Very unlikely
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Page #5: Demographic Information

What is the highest level of education completed by your parents or guardians?
Some high school

High school graduate

Some college

Two-year college degree

Four-year college degree

Some graduate or professional school

Graduate or professional degree

Doctorate or PhD

Growing up, was there anyone important to you who had earned a PhD in any field?
Yes
No

What is your gender?
Male

Female

Transgender

Are you Hispanic/Latino?
Yes, Hispanic/Latino
No, not Hispanic/Latino

Race (choose one or more, regardless of ethnicity status selected above)
American Indian or Alaska Native

Asian

Black or African American

Native Hawaiian or Other Pacific Islander

White

Have you ever been eligible for a federal Pell Grant?
Yes

No

Don’t Know

Page #6 Survey End and Thank You

Thank you for being willing to share your perceptions about engineering education. If
you have any questions about this study or have additional feedback, you may contact us
at NSFEngineeringStudy@gmail.com.

Please click on the "Done" button below to submit your responses and end the survey.
Thank you.
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