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Supporting Students’ Plans for Engineering Careers: How Prepared are
High School Educators in Appalachia to Help?
Introduction
Studies on high school student preparedness for college often consider student grade point
averages and standardized test results as markers for predicting student success in college1-3.
While such studies can inform researchers, educators, and regional education boards, limiting
measures of student preparedness to the curriculum and standardized test requirements may not
fully capture how prepared students are to attend college4-6. Specifically, such measures do not
tracking students’ understanding of career options, their knowledge about the higher education
needed to support their career goals, and how to choose and apply to an appropriate college. In
particular, prospective first generation college students from regions with low socioeconomic
status (SES) often lack the knowledge of college-career connections and college application
processes that is taken for granted by many non-first generation college-bound students who are
not low SES7. This knowledge gap may contribute to high numbers of high school students in
these regions saying they plan to attend college but not actually attending. The knowledge may
be particularly important for first generation college students wishing to enter science,
technology, engineering, and math (STEM) careers6. Such careers often require specific degrees
not offered by all colleges and first generation college students may not have help from parents
in understanding those requirements. Administrators, guidance counselors, and teachers
(collectively referred to hereafter as educators) may be able to fill this gap, but current literature
is relatively void of studies describing the abilities and confidence of educators in assisting
students in considering careers and pathways to those STEM careers.
Our research is a first step toward such studies. As part of a larger NSF-funded project, we have
developed and piloted an exploratory survey for high school educators to identify their
understanding of college options and requirements relative to STEM, in particular, engineering,
careers. The overall project is a mixed methods study designed to understand the barriers that
inhibit students in the Appalachian region of the United States from pursuing engineering
careers. The study used qualitative interviews8 grounded in Social Cognitive Career Theory
(SCCT)9, 10 and Future Possible Selves (FPS)11, 12 to explore the salient influences on students’
career choice processes8, 13. This phase revealed the importance of students knowing about
engineering, being exposed to engineers and engineering work, and knowing the degree
requirements for engineering careers14-18. We presented our findings to educators in the regions
where data was collected to seek their perspectives and learn whether the findings resonated with
their experiences. From these meetings, we identified three areas warranting further exploration
through a survey to a larger group of educators: 1) educators’ perceptions of students’ awareness
of engineering career and college preparation requirements, 2) educators’ knowledge of and
confidence in discussing engineering careers with students, and 3) educators’ awareness of
existing engineering interventions, if any, in the schools and local communities.
In this paper, we describe the development and pilot testing of a survey tool designed to gather
the data necessary to explore these areas. Similar to the approaches taken by other
researchers19, 20, we used several research questions to guide survey development and testing:

1) What are appropriate questions to capture educators’ perspectives on students’
knowledge of engineering careers and college requirements, their knowledge of and
confidence in discussing engineering as a career choice, and their awareness of
opportunities to expose students to engineering as a career choice?
2) To what extent does pilot data support the ability of the survey tool to obtain sufficient
data to explore our identified gaps?
Our development and testing methods follow recommended practices.
Background
Students from rural Appalachia are underrepresented in higher education in general but
particularly in engineering and other STEM fields18. Although literature on engineering career
choice within Appalachia is limited, research does exist that identifies barriers these
underrepresented students may face regarding engineering as a career choice, including
limitations associated with exposure to STEM-related academic and social experiences21-28. For
example, Dick29 indicates that the decision to major in a math or science intensive field comes
through intrinsic and extrinsic values determined by past experiences. These experiences range
from success in previous coursework to influences and expectations of socializers such as
teachers, counselors, parents, and mentors29. Findings from Dick’s study showed that both men
and women who chose to major in engineering relied on the advice of parents and teachers more
than their peers, and family influences were particularly strong for the participants in our
project16, 17. Moreover, without early intervention and exposure, students can become
disinterested in science and math, underestimate their abilities, and develop misconceptions
about what type of person achieves a career in a STEM field30.
Importantly, current studies suggest that no single monolithic solution exists to introduce and
recruit students into the engineering field. But one consensus among researchers regarding
recruitment is to start early. Multiple studies have shown that early intervention is imperative as
students begin to lose interest in math and science, limiting their career paths early in their
education31-34. The National Academy of Engineering recommends successful engagement of
students in STEM subjects in grammar school35. However, Ross36 suggests that many early
educators do not have the knowledge, attitudes, and behaviors to properly inform their students
about engineering as a career choice.
The suggestion that educators may not have sufficient knowledge, attitudes, and behaviors to
fully inform their students about engineering as a career choice is supported by findings in the
first phases of this work. Qualitative interviews with high school students, college students, and
working professionals regarding their experiences with engineering career choice indicate that
educators within the secondary school system may lack critical knowledge necessary to
introduce students to this field8, 16, 17. These findings support the need to explore educators’
understanding of engineering as a career choice to support future efforts to increase STEM
pathways within rural areas of Appalachia.

Method
To support this goal, we developed an online survey tool and pilot-tested it with educators in
selected areas of rural Appalachia in Tennessee and Virginia. In this section, we describe the
survey development and the pilot test sample population.
Survey Tool Development
The exploratory nature of our overall research and the specific questions guiding the educator
survey supported both closed- and open-ended questions. The closed-ended questions were
constructed to address the three target content areas: 1) perceptions of students’ awareness of
engineering career and college preparation requirements, 2) knowledge of and confidence in
discussing engineering careers with students, and 3) awareness of existing engineering
interventions, if any, in the schools and local communities. We used open-ended questions to
probe for additional exploratory information in each content area.
We followed a process for survey development suggested by Rea and Parker 37. We completed
the following steps:
1. Compare and map the constructs of interest for the survey tool to the guiding framework
for the study (i.e., SCCT and FPS).
2. Develop a list of possible questions worded to represent the perspective of the survey
participants.
3. Review the questions for a) word choice and question meaning, b) initial agreement on
relevance to a construct area, and c) comparison with other questions in the construct
grouping.
4. Estimate the time it would take for participants to fully answer all questions. We were
aiming for a survey with an average response time of 15 minutes37. The length of
questions, including number of sub-questions, were adjusted, as necessary, to support the
intended 15-minute response time. For example, questions were organized using matrix
formats with a leading question followed by a series of items (e.g., “I am familiar with...”
followed by a list of programs).
5. Request reviews of the questions by engineering education professionals with survey
experience and/or knowledge of the survey population of interest (e.g., high school
educators in rural Appalachia) for format, question organization, question wording, and
response choices. The key adjustment during this step was improvement of question
neutrality, i.e., being sure questions did not appear inherently positive or negative.
6. Conduct a focus group review of the questions with experts knowledgeable about survey
research, K-12 education, rural Appalachia, and our constructs of interest. The primary
adjustment during this step was improving the text that introduced questions. For
example, clarifying the request for survey takers to answer based on his or her experience
or for the community in which he or she lives.
7. Deploy a pilot test of the survey to check the quality of construction. The pilot was
purposely launched to two counties with high schools of varied characteristics in an
attempt to represent the study’s general population. Because this step is not intended to
provide statistical accuracy, small numbers of respondents are acceptable37.

Survey Questions
As a result of steps 1-6, the pilot survey deployed in step 7 contained, in order, 14 closed-ended
attitudinal questions, 7 open-ended questions, and 5 closed-ended demographic questions.
Corresponding to the three content areas represented in our research question, examples of
questions for each are shown below.
Educators’ perceptions of student awareness of engineering
The pilot survey included five closed-ended questions and three open-ended questions in this
area. Closed-ended questions used a five-point Likert scale with appropriate attitudinal response
categories (e.g., strongly disagree to strongly agree and not at all important to extremely
important). Sample questions included the following:




“Please indicate your perception of how important the following items are as high school
students make career choices,” followed by seven sub-items, including availability of a
local job, job stability, level of pay, interest in the career, knowing someone in the career
field, and the amount of formal education required.
“High School Students have knowledge of…,” with four sub-items listed.

Open-ended questions sought to more fully explore educators’ understanding and included
questions such as, “Why do you think students pursue engineering?”
Educators’ self-reported knowledge of and confidence in talking about engineering careers
We used four closed-ended questions and two open-ended questions in this area. Closed-ended
questions included such items as, “How much confidence (using a four point Likert scale) do you
have in your ability to talk to high school students about…” followed by four sub-items.
Another question asked participants to rate their familiarity with career programs such as those
for engineering, medicine, pharmacy, nursing, and teaching (common career plans among
participants in our study).
Open-ended questions were more exploratory such as, “What activities would you want to help
you gain knowledge about STEM fields and careers?”
Awareness of STEM and engineering interventions
In this area, we asked about existing interventions, but also asked about the sufficiency of these
interventions as well as possible additional interventions using six closed-ended and two openended questions.
Two closed-ended questions were associated with knowledge of and use of intervention
programs, including, “How familiar are you with each item?” followed by eight sub-items (e.g.,
4-H activities, First Lego League, Project Lead The Way, and Technology Student Association).
Participants were asked about their familiarity (unfamiliar or familiar) and whether they had used
the program. The term “used” was intended to have a broad meaning, including using the
program as part of a lesson plan, as an after-school activity they support, or had used it as a

participant. The intent was to gain information on knowledge beyond knowing of a program to
application of the program.
One of two the open-ended questions was designed to elicit participants’ knowledge and
preference of interventions as well as to gain recommendations on preferred programs by asking
the participants to share best practice outreach initiatives.
Four closed-ended questions were related to existing efforts within schools and efforts that could
be added (e.g., “Should additional promotion of engineering occur at your school?” with possible
answers ranging from definitely not to definitely yes). Follow-on questions occurred depending
on the respondent’s response. Participants responding “definitely yes” were asked why they
thought additional promotion should occur and participants responding “definitely not” were
asked why not.
The related open-ended question asked the respondents what recommendations they have to
tailor STEM programs to make them relevant for students in Appalachia.
Participants
Participants for the pilot data collection were purposely selected based on county
characteristics16, 17. We selected one county from Tennessee and one county from Virginia. In
addition, the two counties selected included a high school that offered Project Lead the Way
(high school engineering curriculum), a small high school included in the student interview
portion of the larger research project, and a large high school not included in the high school
student interview process but within a county that participated in the educator meetings
described in the introduction. Survey distribution and data collection were accomplished
electronically using Qualtrics survey software. The request for piloting the survey was in
accordance with our Institutional Review Board (IRB) approval and the county superintendents.
Our initial request yielded 8 responses, with demographic questions completed by all. To date,
we have an approximately equal response rate between the pilot counties. Teachers represent
63% of respondents, 25% guidance counselors, and 13% principals. Females represent 75% and
male 25% of the respondents. The final demographic question asked for the number of years the
participant worked in the public school system. The average years worked by the respondents
was from 16 to 20 years with a high of more than 36 years and the least from 6 to 10 years. The
demographic information is illustrated in Tables 1 and 2.
Table 1. Primary Job Function of Pilot Questionnaire Participants
Answer
Teacher
Guidance Counselor
Principal
Administrative Office
Other, please indicate
Total

Response
5
2
1
0
0
8

%
63%
25%
13%
0%
0%
100%

Table 2. Respondent’s Number of Years Working in the Public School System
Answer
Response
0 - 5 years
0
6 - 10 years
2
11 - 15 years
0
16 - 20 years
4
21 - 25 years
0
26 - 30 years
1
31 - 35
0
36 or more years
1
Total
8

%
0%
25%
0%
50%
0%
13%
0%
13%
100%

Analysis
To support survey development, our research questions focused on the capability of the survey to
gather information on the three target content areas. Therefore, our analysis did not focus on
interpreting the results of individual questions, but rather on the quality of the responses,
including descriptive statistics regarding variety of participant characteristics, response rate of
questions within the survey, and use of the full scale of response choices.
Quality of Research
The quality of research was guided by recommendations from multiple sources37-39. Face
validity of this pilot study was improved by including reviewers who represent the participant
demographics, engineering education researchers, and people unfamiliar with engineering
education. These reviewers were asked to report their interpretation of the meaning of each
question, including the main questions as well as all sub-items. Reviewers were also asked about
clarity, parallelism of flow, vocabulary, and sentence structure.
Pilot testing further promotes quality in survey development; therefore, pilot test results
(described in the next section) will be used to improve items as needed prior to launching the full
survey.
Limitations of Research
The primary limitation of this research is the number of respondents. While acceptable for the
research questions we addressed, additional respondents could have helped ensure the
representativeness of the content. However, we are studying rural regions and the average
number of teachers and students is approximately one-half the national average40; thus, the
number of possible respondents from two counties is fewer than the national average.
Results
Results of our pilot test suggest that our survey is sufficient for its intended purpose. The pilot
survey results show a variety of participant demographics, including men and women teaching a
variety of classes (e.g., science, English, math). Although the survey was slightly longer than we

had anticipated, all participants who started the survey completed it. The average response time
was 17 minutes with a median time of 16 minutes. Response rates for the open-ended questions
ranged from 37% to 88%.
Closed-ended Questions
All closed-ended questions were answered (including all demographic questions). As described
above, the closed-ended questions used a variety of formats and response types, including 5point Likert scales, 4-point Likert scales, familiarity, and use scales. One measure of good
survey design is that the full range of responses is used collectively by respondents37. Within the
main questions, response usage ranged from a high of all options for some questions to a low of
three out of five choices for others. For example, the question, “Please indicate your perception
of how important the following items are as high school students make career choices” contained
seven sub-questions. For four of those items, respondents used 3 of the 5 Likert responses; no
participant selected “not at all important” or “very unimportant.” Comparatively, for the
question “High School Students have Knowledge of…,” responses used all 5 Likert response
options for two of the four sub-questions, and four of five response options for the other two.
Specifically, the results from the two questions listed above are shown in Table 3.
Table 3. Example Responses for Closed-ended Questions
Please indicate your perception of how important the following items are as high school
students make career choices
Number of response
Mean
# Question
options used
2 of 5
4.38
1 Availability of a local job
3 of 5
4.25
2 Job stability
3 of 5
4.13
3 Level of pay
3 of 5
4.25
4 Interest in the career
3 of 5
4.13
5 Parent/Legal Guardian support of the student
3 of 5
4.13
6 Knowing someone who works in the career field
2 of 5
4.25
7 The amount of formal education required for different
college degrees
High School students have knowledge of…
Number of response
Mean
# Question
options used
5 of 5
3.25
1 High School courses needed for their career
4 of 5
3.63
2 The post-secondary education required for their career
5 of 5
3.13
3 Careers currently available to them
4 of 5
3.63
4 Careers related to their parents’ careers
Several closed-ended questions had logical open-ended follow-up questions to allow
explanations related to an extreme (a 1 or a 5) response. For example, the question shown in
Table 4 had follow-ups for “definitely yes” and “definitely not” responses. Responses for
“definitely yes” are shown in Table 5.

Table 4. Example of question with linked follow-up questions
Should (additional) promotion of engineering careers occur at your school?
Answer
Definitely yes

%
43%

Probably yes

57%

Probably not

0%

Definitely not

Table

Total

0%
100%

Table 5. Follow-up question and responses for “definitely yes”
Why do you think additional promotion of engineering should occur at your school?
Text Response
Had it in the past, was very successful due to many students choosing to pursue Engineering
as a result of the course.
In the rural area that we live in, most of our students have heard of engineering, but probably
none of them actually know and understand what the job entails.
There are few to no engineers living/working in our community. I don't currently know of
any.
Open-ended Questions
The purpose of the open-ended questions was to gain deeper information in each of the content
areas. Responses suggest that respondents thoughtfully completed these sections, thereby
demonstrating their value. As examples, responses to two of the open ended questions are
shown below in Table 6. Phrases related to barriers included “smart enough,” “fear of math,”
and “lack of exposure.” Reasons for pursuing engineering included interest in science and math,
salaries, and mentors.

Table 6. Sample open-ended questions
What barriers prevent students from pursuing an engineering degree?
Text Response
Getting accepted in engineering programs
Not strong in math
Lack of encouragement from home and lack of knowledge about the variety of engineers
Fear of math, think they are not smart enough, not enough support during first semesters of
college
Lack of knowledge
Lack of exposure, lack of confidence, lack of support
Why do you think students pursue engineering?
Text Response
Interest in science and math
Because they are good at math and think they will make a big salary
Promoted as a high paying career, or student like a class/project dealing with engineering
Parent
Interest and ability with problem solving skills, families or mentor who encourages and
supports student goals

Discussion and Conclusions
We set out to develop a survey to explore potential gaps between educators’ knowledge and
perception of engineering as it relates to Appalachian high school students’ career choices and
curricula. Our systematic approach to the survey development process has yielded a viable
questionnaire. Our existing community network enabled us to pilot the survey at relevant sites
and solicit a wide variety of potential respondents; this network can now be used to refine the
questions for deployment to a larger population.
The expert reviews and pilot data demonstrate that a survey is capable of obtaining the data
necessary to explore our three identified gaps. Specifically, our first research question asked
about appropriate ways to ask about these gaps and our second question asked whether the pilot
data supported the capability of the survey tool. In response to this question, our combination of
closed- and open-ended questions nearly met our goal of a 15-minute survey duration, contained
questions in each of three content areas, and appears to contain questions participants are willing
and capable of answering.
Though the number of responses is limited, willingness of superintendents to allow participation
and variation in respondent demographics suggest community interest in the survey. The interest
is further supported given that all respondents completed the survey and answered the openended questions. The varied participant demographics indicates that educators both new to their
career and approaching retirement are willing to participate. Also, participation reaches beyond
engineering teachers and beyond teachers affiliated with traditional STEM courses. As the
movement to integrate engineering into existing curricula increases, it is encouraging to know

that educators outside of these courses are willing to participate in our research, and thus are
potentially interested in supporting students’ pursuit of STEM careers.
Following wider deployment, results from this survey will then be compared to key findings
from qualitative work previously reported by the authors13, 18, 41, 42, including findings related to
the importance of factors such as exposure to engineering, interest in engineering (more so than
other career choices), local employment opportunities, and first generation college status.
Importantly, the language used in the open-ended responses during the pilot appears sufficient to
support such thematic comparisons and enable the team to use existing codebooks to analyze
these responses. Although the number of pilot responses limits our ability to fully test these
codebooks on the responses, our preliminary review suggests meaningful overlap.
Remaining pilot data is planned for collection and analysis in early 2015 along with any changes
deemed necessary. Deployment of the final survey to the larger participant population is planned
for the spring of 2015.
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