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Abstract
 Ongoing efforts across the U.S. to encourage K-12 
students to consider engineering careers have been mo-
tivated by concerns that the workforce pipeline for this 
profession is shrinking.   Enlightening K-12 teachers about 
engineering is one strategy to encourage student interest 
in the discipline.  The Enrichment Experiences in Engineer-
ing (E3) for Teachers Summer Research Program at Texas 
A&M University engages high school math and science 
teachers in an engineering research experience.  Since 
2003, the E3 program has hosted over 190 teachers, most 
of whom teach in low socioeconomic status (SES) schools 
with a high percentage of minority students.   The mis-
sion of the E3 program is to educate and excite teachers 
about the field of engineering so that they can introduce 
engineering concepts to their students and encourage 
them to consider a career in engineering. During the 
summer program, teachers are involved in:  (1) hands-on 
participation in current engineering research, (2) activi-
ties to broaden their awareness of engineering and career 
opportunities for their students, and (3) development of 
engineering-related lesson plans for implementation in 
their high school classroom.  As part of their lesson plan 
implementation, teachers from the 2009-2013 cohorts 
were required to administer pre- and post-surveys to 
their students.  The identical survey was administered to 
the students before and after classroom implementation 
of the E3 lesson/activity. The survey included five ques-
tions regarding engineering awareness and three ques-
tions regarding college plans.  The survey was designed to 
determine if the students exhibited an increased aware-
ness of engineering after implementation of the E3 lesson/
activity and if there was any progress in forming college 
plans (specifically as it pertains to engineering.)  
 This paper presents the student survey findings.  
Forty-six (46) teachers from Cohorts 2009-2013 admin-
istered the pre- and post-survey to their students (2,263 
total).  For the “engineering awareness” questions, there 
were large differences in the pre- vs. post-survey respons-
es that indicated increased awareness of engineering. De-
pending on the question, the percentages ranged from 
20% to 113%.  Regarding increased interest in consider-
ing an engineering major in college, in the pre-survey, 

32.4% of the students indicated interest in pursuing an 
engineering major (“agree” or “strongly agree” responses). 
In the post-survey, that percentage rose to 40.6%.   These 
findings demonstrate the value in using teachers to ex-
pose high school students to engineering to create aware-
ness for students who might not have considered this 
career path.  

Keywords:  engineering, high school, teacher research 
experiences, student awareness & interest in engineering, 
student survey

Background
Introduction
 For several years there have been concerns as to 
whether the U.S. will have the strong technical workforce 
necessary to maintain economic competitiveness (US 
Department of Labor 2007, U.S. Department of Education 
2009, National Academy of Sciences, National Academy 
of Engineering et al. 2010, National Science Foundation 
- National Center for Science and Engineering Statistics 
2011, Feder 2012, President’s Council of Advisors on 
Science and Technology 2012).  Based on the projected 
workforce outlook, the future U.S. workforce  needs will 
require more engineers; the  Bureau of Labor Statistics 
predicts seven percent (7%) job growth for the engineer-
ing field over the next decade (Bureau of Labor Statistics 
2017).  
 From a long-term historical perspective, the number 
of B.S. engineering degrees awarded peaked in the mid-
1980s and began declining to a low in 2001 (National 
Science Foundation - National Center for Science and 
Engineering Statistics 2015).  However, in recent years 
there has been a steady increase in the numbers of stu-
dents enrolled in engineering programs and an increase in 
the number of bachelor’s degrees awarded (National Sci-
ence Board 2014, National Science Foundation - National 
Center for Science and Engineering Statistics 2015, Yoder 
2015). 
 And while it is important to increase the engineering 
workforce numbers, increasing the diversity of the engi-
neering workforce enhances the development of the most 
effective engineering solutions to societal needs (Wulf 

2002, Wulf and Fisher 2002).  Although there have been 
concerted efforts to broaden participation of students 
underrepresented in engineering (i.e., females as well 
as Hispanics, African Americans, and Native Americans) 
(Committee on Underrepresented Groups and the Expan-
sion of the Science and Engineering Workforce Pipeline 
2010, Neilsen, Planning Committee on Evidence on Se-
lected Innovations in Undergraduate STEM Education et 
al. 2011), nationwide engineering  enrollment numbers 
and degrees awarded to these groups continue to remain 
well below parity (Ohland, Brawner et al. 2011, American 
Society for Engineering Education 2012, National Sci-
ence Board 2014, Yoder 2015).  With the changing de-
mographics of Texas (Ennis, Rios-Vargas et al. 2011) and 
the country (U.S. Census Bureau 2010),  it is essential to 
recruit from underrepresented minority groups, as well as 
women, to help satisfy projected engineering workforce 
demands.
 To increase K-12 students’ interest in engineering, 
various approaches have been utilized, including sum-
mer camps (Northern 2007, Paterson and Jarvie 2008, 
Yilmaz, Ren et al. 2010), after-school programs (Ferreira 
2001, Miller 2003, Blanchard, Judy et al. 2015), and com-
petitions  (Nugent, Barker et al. 2009).  Enlightening K-12 
teachers about engineering is another effective approach 
to encourage student interest in the discipline.  Teachers 
are influential in career choices for high school students, 
particularly STEM careers (Dick and Rallis 1991, Pope and 
Fermin 2003, Nora 2004), and are especially helpful for fe-
males and underrepresented minority students (Lovencin, 
Najafi et al. 2007, Trenor, Yu et al. 2008, Van Haneghan, 
Pruet et al. 2015).  
 Because “front line” impact is made by teachers, 
educating them about engineering and deepening their 
awareness of engineering careers can inspire students to 
pursue the study of engineering and other STEM sub-
jects.  The National Science Foundation (NSF) recognized 
the influence of teachers on student career choices when 
establishing the Research Experiences for Teachers (RET) 
in Engineering and Computer Science Program  (National 
Science Foundation) and approximately 100 currently 
funded  NSF RET  programs exist nationwide that pro-
vide opportunities for teachers to increase their under-
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standing of engineering.  One RET program, Enrichment 
Experiences in Engineering (E3), has been offered as a 
summer program at Texas A&M University (TAMU) since 
2003.  During the program, high school math and sci-
ence teachers participate in engineering research, learn 
about engineering and engineering careers, and develop 
engineering-related activities to be implemented in their 
classroom the following academic year.  For several of the 
E3 cohorts, student pre- and post-surveys were a required 
component of the lesson plan implementation.  The re-
search presented in this paper focuses on survey responses 
from the participants’ students regarding their awareness 
of engineering and interest in pursuing a college degree in 
engineering. 
       
Engineering in the K-12 Classroom 
 Historically speaking, most K-12 students and teach-
ers have marginal awareness of the engineering profession 
(Cunningham and Knight 2004, Cunningham, Lachapelle 
et al. 2005, Baker, Krause et al. 2006), and their percep-
tions are often misleading.  Many K-12 students associate 
engineering with physical labor, such as “fixing things”, 
and as boring; they may perceive engineers as Caucasian 
males and somewhat “nerdy” (Gibbons, Hirsch et al. 2004, 
Cunningham, Lachapelle et al. 2005, Oware, Capobianco 
et al. 2007, Johnson, Ozogul et al. 2013, Montfort, Brown 
et al. 2013).  Many teachers also have stereotypical mis-
conceptions about engineering (Hoh 2007, Lindsley and 
Burrows 2007, Nathan 2011) such as assuming that 
engineers need to be “math wizards.” Yasar et al. (Yasar, 
Baker et al. 2006) noted that when teachers have a nar-
row (and often inaccurate) view of engineering, they may 
not encourage all able students to consider the field as a 
career; they may misrepresent the skill requirements of 
engineering careers to students.  Other studies had similar 
findings .  Unfortunately, there has been little exposure to 
engineering concepts in the formal K-12 curricula, which 
contributes to the general lack of understanding of engi-
neering and what engineers do.  However, this has been 
changing nationwide, albeit slowly.  
 Over two decades ago, the National Research Council 
(NRC) released the National Science Education Standards 
(NSES) which called for authentic inquiry activities in 
the K-12 science classroom while also emphasizing the 
importance of coordinating mathematics and science 
programs (National Research Council 1996).  When Fadali 
and Robinson  reviewed the standards, they noted that 
engineering and technology were not identified as logical 
means to facilitate the coordination of the two programs, 
though introducing engineering concepts in the class-
room would also align with the call for more authentic 
inquiry activities (Fadali and Robinson 2000).  In 2009, 
the NRC published a report outlining various strategies to 
incorporate engineering into the K-12 classroom (National 
Research Council 2009), and in this report they distilled 
their suggestions into three primary options: (a) ad hoc 

infusion, (b) stand-alone courses, and (c) interconnected 
STEM education.  In 2012, the NRC released “A Framework 
for K-12 Science Education”  (National Research Council 
2012) which served as the foundation for the Next Gener-
ation Science Standards (NGSS) (National Research Coun-
cil, National Science Teachers Association et al. 2011).  The 
2013 release of these engineering-infused national sci-
ence standards (i.e., the NGSS) addresses incorporation of 
engineering into the K-12 curriculum .  As outlined in the 
NGSS, science and engineering are integrated into science 
education where engineering design and scientific inquiry 
are given equal emphasis.  Adoption of the NGSS is on a 
state-by-state basis and more than two dozen states have 
adopted the standards.   
 Texas, which has not adopted the NGSS, has several 
state-approved engineering-related courses for the high 
school classroom (Texas Education Agency 2010).  How-
ever, it is subject to the discretion of the individual school 
districts as to whether they offer any of the courses, and 
there are a variety of obstacles when trying to incorporate 
engineering into the high school classroom, including 
inadequate textbooks and insufficient teacher prepara-
tion.  Other formal mechanisms to get engineering into 
the Texas high-school setting include Project Lead The 
Way (Project Lead The Way) and STEM academies such as 
T-STEM (Texas Education Agency).        
 But there are other ways to bring engineering into the 
classroom besides formal coursework.  The E3 program 
models the ad hoc infusion strategy outlined in the Na-
tional Research Council 2009 report (National Research 
Council 2009) by requiring participating E3 teachers to 
develop an engineering-related inquiry-based activity 
for implementation in their high school classroom.  The 
ad hoc infusion of engineering ideas and activities into 
existing mathematics, science or technology curricula 
requires minimal changes in curriculum structure and as 
such is the most direct and least complicated strategy to 
incorporate engineering into the K-12 classroom setting.   

The Enrichment Experiences in Engineering 
(E3) Program
 Since inception, E3 has been an integral component 
of the TAMU College of Engineering’s comprehensive 
outreach plan which has the overarching goal to increase 
the pool of undergraduate engineering applications into 
the COE.  The College had already established relation-
ships with approximately 12 partner high schools in 
(diverse) Houston Independent School District as well 
as in (primarily Hispanic) South Texas.  Initially, teachers 
were recruited from these partner high schools to further 
strengthen the partnerships and encourage their quali-
fied students to apply to the TAMU engineering program.  
As the E3 program matured, recruiting efforts expanded 
beyond the original partner schools to other high schools 
with diverse student populations.   
 During the timeframe of NSF funding (i.e., 2003-

2013), the E3 program was a four-week summer resi-
dential program at Texas A&M University where high 
school science and mathematics teachers were matched 
with engineering faculty and participated in a research 
experience. During the summer program, teachers were 
involved in: (a) hands-on participation with current en-
gineering research, (b) development of an engineering 
project for implementation in their high school classroom, 
and (c) activities to broaden their awareness of engineer-
ing career opportunities for their students.  A brief sum-
mary of the E3 summer activities is provided below.  More 
details on the E3 program can be found elsewhere (Auten-
rieth, Butler-Purry et al. 2009, Page, Lewis et al. 2013).
 Working in pairs, E3 teachers participated in research 
activities in their faculty mentor’s laboratory where they 
learned about the current status of emerging technologies 
and research and received informal instruction in research 
methodology and science theory appropriate to their re-
search experience.  Each teacher created a 3’ x 4’ poster on 
their research topic that they could display in their class-
room.  The teachers later reported that the posters served 
as excellent informal conversation starters with students 
in regards to engineering and college/career planning, in 
general.  
 During their summer experience, the teachers re-
ceived instruction on the engineering design process and 
developed hands-on classroom activities that incorpo-
rated the design process.  Each teacher’s unique classroom 
unit integrated an aspect of their research while maintain-
ing state curricular standards.  The length of the E3 class-
room unit varied between teachers, typically between 4-8 
instructional days, depending on their course scope and 
sequence constraints. 
 Field trips to high-tech industry plants allowed teach-
ers to see firsthand what engineers do in industry.  Other 
opportunities to broaden the teachers’ awareness of engi-
neering included weekly dinners during which an engi-
neering faculty member discussed his/her research area 
(e.g., alternative energy sources, tissue engineering, and 
cybersecurity) as well as lab tours of the participating fac-
ulty mentors.  These activities provided many engineer-
ing-related examples to share with their students.  
 During the 2003-2013 time period of NSF funding, 
150 teachers (48% White, 27% Hispanic, 15% African 
American, 9% Other) participated in the program; most 
E3 teachers were from schools with a high percentage of 
underrepresented minority student populations (average 
83% Hispanic and/or African American; average 69% 
economically-disadvantaged). 
 Programmatic evaluation efforts associated with the 
early years of the E3 program (ie., 2003-2007) focused 
primarily on qualitative questions to measure program 
objectives and anticipated outcomes. In exit interviews, 
the participants indicated that they had a better under-
standing of engineering and engineering careers, gained 
deeper understanding of their teaching subject and ap-
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preciated the opportunity to provide information on col-
lege planning and admissions process into the TAMU en-
gineering program (Autenrieth, Butler-Purry et al. 2009).  
When assessing longer-term programmatic impact on the 
early E3 cohorts, the teachers were invited to respond to an 
anonymous online survey and/or participate in face-to-
face focus group session(s).  These opportunities occurred 
well after their summer experience.  The respondents 
indicated that the E3 experience had a positive effect on 
their teaching and professional development and that 
they have been better able to promote engineering to 
their students (Page, Lewis et al. 2013).  
 When co-author Dr. Chance W. Lewis joined the E3 
team as an external evaluator in 2007, the program evalu-
ation plan was augmented to include (a) more compre-
hensive surveying of the participants (Autenrieth, Page et 
al. 2014, Autenrieth, Lewis et al. 2017) and (b) student 
surveys to determine if the teachers’ E3-developed class-
room activities were successful in transferring information 
about engineering to their students.  For the latter E3 co-
horts (2008-2013), online anonymous pre-post surveys 
were administered to the participants at the beginning/
conclusion of their E3 summer experience.  Survey findings 
indicated that the participants experienced substantial 
changes in the following:  (1) improved understanding of 
the engineering discipline, (2) heightened awareness of 
the breadth of engineering careers, and (3) greater famil-
iarity regarding important skills and attributes to be a suc-
cessful engineer (Autenrieth, Page et al. 2014).  An effort 
to assess a long-term program impact on all previous E3 
participants involved a mixed-method study that included 
an online survey as well as focus group interviews. The re-
sponding teachers indicated that in the long-term (i.e., 
over the years), they have continued to promote engi-
neering to their students.  Due to their E3 experience, they 
have been better able to assist their students with college 
and career advice, better able to explain the importance of 
STEM, and better able to promote engineering as a poten-
tial career to their students (Autenrieth, Lewis et al. 2017).  
 These previous publications on the E3 program evalu-
ation (Autenrieth, Butler-Purry et al. 2009, Page, Lewis et 
al. 2013, Autenrieth, Page et al. 2014, Autenrieth, Lewis et 
al. 2017) focused on the E3 participants and their percep-
tions of E3 programmatic impact on themselves and on their 
students.  In this paper, the results of the student surveys are 
investigated as a measure to assess the E3 program’s impact 
(via the teachers) on student awareness of engineering and 
interest in engineering as a potential career.          

Methods
Overview
 In the early years of the program, the E3 leadership 
team recognized that any attempt to assess (indirect) im-
pact on students would be based on teacher perceptions.  
For a more targeted approach to assess student impact, the 

idea of a student survey was proposed.  The survey could 
help teachers informally measure students’ increased 
awareness of the engineering field and engineering ca-
reers as well as interest in a college major in engineering.  
Moreover, survey findings could inform teachers for future 
engineering-related classroom activities as well as provide 
information to the E3 team in terms of possible program 
modifications.  The survey was created using internal (i.e., 
in-house) expertise:  (a) the E3 external evaluator, (b) the 
E3 team as well as (c) E3 master teachers (i.e. former E3 
participants who had been recruited to return and mentor 
a current cohort of participants).  Survey details are pro-
vided in the following section.
 Participants from the 2009-2013 E3 cohorts were 
required to survey their students regarding their aware-
ness of engineering and engineering disciplines/careers.  
A total of 46 participating teachers from these five cohorts 
administered pre- and post-surveys to their students.  
Teacher demographics are provided in Table 1.  In Table 2, 
their high schools are categorized according to the size of 
the community in which they are located.   The student 
population demographics for these 46 teachers’ schools 
were on average:  64% Hispanic and/or African American, 
59% economically-disadvantaged.  The courses taught by 
these teachers and how many students were enrolled in 
each course are summarized in Table 3.   

Survey Questions Assessing Students’ 
Engineering Awareness and College Plans
 The E3 team was interested in determining if the 
teachers were able to increase their students’ awareness 
of the engineering field as well as how engineers im-
pact their lives (and society in general).  The team was 
also interested in the students’ college plans.  To assess 
awareness and interest, a total of eight questions were 

Table 1.  Teacher Demographics

Table 2.  High School Setting

Table 3.  High School Courses Taught
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developed and the teachers were asked to administer the 
questions via a pre-post survey format to their students.  
Specifically, the students took the pre-survey prior to the 
teacher’s E3-developed classroom unit and then answered 
the same set of questions at some point in time follow-
ing the E3 unit (i.e., post-survey).  Teachers were encour-
aged to administer the pre-survey well in advance of 
the E3classroom activity(ies) and to wait an (undefined)  
period of time after completion of the activity(ies) to ad-
minister the post-survey.  
 The engineering-related questions were:

1. What engineered devices do you have today that 
your parents did not have when they were children?

2. Name some world problems that engineers could 
solve.

3. How do engineers make our lives more comfortable? 
4. Name as many engineering fields as you can.
5. Which sentence describes an engineer?  (multiple 

choice)
 For Questions 1-4, the students were asked to list as 
many examples as they could think of (maximum of 10).  
Question 5 was a multiple-choice question and the stu-
dents had three responses to select from. 
Questions 6-8 on the survey addressed the students’ col-
lege plans. These questions had a Likert-type scale of re-
sponses for students to select from (ie., strongly disagree, 
disagree, agree, strongly agree).  The questions were: 

6. I am planning to go to college.
7. I am enrolled in or planning to take advanced level 

classes that will prepare me for college.
8. I am considering engineering as a major in college.

 Each teacher was required to compile and summarize 
the results of their students’ pre- and post-surveys, then 
submit their survey summaries to the E3 team.  The copy 
of the survey is provided in the appendix.  

Data Analysis Calculations
 All student responses were compiled and analyzed as 
outlined below.    
 For Questions 1-4:   For each question, the number of 
examples cited by all students was compiled.  To compare 
the pre- and post-responses, a percent change in the 
number of examples cited was calculated for each ques-
tion using the following equation:   

 For Question 5:   The total number of students who 
correctly answered the question was calculated for both 
the pre-survey and the post-survey.  To determine the 
percent change of students  who correctly answered the 
question in the post-survey (as compared to the pre-
survey), the following equation was used:  

 For Questions 6-8 (related to college plans):  Each re-
sponse type was assigned a numeric value:  strongly agree 
(4 points), agree (3 points), disagree (2 points), strongly 
disagree (1 point). Using these numeric values, each stu-
dent response received an assigned value, the numbers 
were compiled and the average calculated for both sets 
of responses (ie., pre- and post) for each question.  The 
percent change was calculated for each question using the 
following equation: 

where the compiled  number was determined by multi-
plying the student responses by the respective numeric 
values and summing the calculated values.     

Results
Pre-Post Responses to Questions Addressing 
Engineering Awareness and College Plans
 For the 46 teachers in the 2009-2013 cohorts who 
provided the summary of their students’ pre-and post-
survey results, the total number of student respondents 
was 2,263.  However, due to occasional teacher error in 
reporting and/or some students not answering all ques-
tions, the total number of responses for a given question 
may vary slightly (< 1%).  
 For Question 1, students were asked to name some 
engineered devices that did not exist when the students’ 
parents were children (Figures 1a and 1b). The results for 
2009 E3 Cohort’s students are presented separately since 
the summary reporting sheet was slightly modified for 
subsequent E3 cohorts; specifically, the 2009 teachers 
were asked to group the number of  cited examples in a 
different format.  In Figure 1a, 2009 E3 Cohort’s students (n 
= 417) provided 22% more examples in the post-survey 
as compared to the pre-survey.  In Figure 1b, the 2010-
2013 E3 Cohorts’ students (n = 1,843) provided 36% 
more examples in the post-survey as compared to the 
pre-survey.  If the responses were broken out by cohort, 
then the percentages of additional examples provided in 
the post-survey for Cohorts 2010 through 2013 are 26%, 
43%, 35%, and 34%, respectively.  

 For Question 2, students were asked to list some 
world problems that engineers could solve (Figure 2).  The 
students associated with the 2009-2013 E3 Cohorts (n = 
2,243) provided 78% more examples in the post-survey 
as compared to the pre-survey.  If the responses were 
broken out by cohort, then the percentages of additional 
examples provided in the post-survey as compared to the 
pre-survey for Cohorts 2009 through 2013 are 65%, 31%, 
113%, 93% and 59%, respectively.  
 For Question 3, students were asked to list examples 
of how engineers make our lives more comfortable (Fig-
ure 3).  The students associated with the 2009-2013 E3 
Cohorts (n = 2,268) provided 42% more examples in 
the post-survey as compared to the pre-survey.  If the 
responses from each cohort’s students are analyzed sepa-
rately, then the percentages of additional examples pro-
vided in the post-survey as compared to the pre-survey 
for Cohorts 2009 through 2013 are 20%, 41%, 53%, 
54%, and 37%, respectively.
 For Question 4, students were asked to name as many 
engineering fields as they can (Figure 4).  The students 
associated with the 2010-2013 E3 cohorts students (n = 
1,836) provided 49% more examples in the post-survey 
as compared to the pre-survey.  If the responses from 
each cohort’s students are analyzed separately, then the 
percentages of additional examples provided in the post-
survey as compared to the pre-survey for Cohorts 2010 
through  2013 are 35%, 43%, 69%, and 27% respectively.  
 For Question 5, students were asked to identify the 
statement that accurately describes an engineer (Figure 
5).  The multiple choice options are listed below; the cor-
rect response is “C.”

A.  A person who uses the scientific method to make 
conclusions based on experimentation

B. A person who uses math to research phenomena in 
the natural world

C. A person who integrates science and math to fulfill a 
need in society  

 Collectively (i.e. all students associated with 2009-
2013 cohorts; n=2,230), 19% more students correctly 
answered the question in the post-survey as compared 
to the pre-survey.  If the responses from each cohort’s 
students are analyzed separately, then the percentage 
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increase of correct answers provided in the post-survey 
as compared to the pre-survey for Cohorts 2009 through 
2013 are 18%, 4%, 28%, 12%, and 19%, respectively.  
 For Question 6, students were asked whether they 
planned to go to college. Based on a 5-point Likert scale, 
2009 Cohorts’ student responses are presented in Figure 6a 

A:  A person who uses the scien-
tific method to make conclusions 
based on experimentation

A:  A person who uses the scientific 
method to make conclusions based 
on experimentation.

(n=420); the average scores (pre and post) are 4.66 and 
4.66, respectively.  For subsequent cohorts (2010-2013), 
the students selected their responses from a 4-point Likert 
scale (Figure 6b, n=1,828).  The combined average scores 
were 3.48 (pre-survey) and 3.56 (post-survey).  This rep-
resents a 3% shift towards the “agreement” end of the 

Likert scale.   
 For Question 7, students were asked about their 
academic preparation for college (i.e., college-prep high 
school courses they were taking or planning to take).  
Based on a 4-point Likert scale, the 2010-13 cohorts’ 
student responses are presented in Figure 7 (n=1,799).  
The combined average scores were 3.11 (pre-survey) and 
3.14 (post-survey). This represents a 2% shift towards the 
“agreement” end of the Likert scale.   
 For Question 8, students were asked whether they 
were considering a major in engineering. Based on a 
5-point Likert scale, 2009 Cohort student responses are 
presented in Figure 8a (n=420); the average scores (pre 
and post) are 2.77 and 2.92, respectively.  Comparing the 
averages (pre versus post), there was an 8.2% shift to-
wards the “agreement” end of the Likert scale. For subse-
quent cohorts, the students selected their responses from 
a 4-point Likert scale (Figure 8b, n=1,790) and the pre 
and post average scores were 2.18 and 2.34, respectively.  
This represents a 7.4% shift towards the “agreement” end 
of the Likert scale.   
 However, when looking at the tallied responses and 
calculating percent change for each of the response types, 
some changes (pre vs. post) are more pronounced.  For 
example, the number of “strongly disagree” responses 
dropped 25.5% and 19.2% for Figures 8a and 8b respec-
tively.  The number of “disagree” responses dropped 12.3% 
and 7.9% for Figures 8a and 8b respectively.  The number 
of “agree” responses increased 26.4% and 23.4% for Fig-
ures 8a and 8b, respectively; and the  number of “strongly 
agree” responses increased 30.4% for Figure 8b. 

 

Discussion
Regarding Engineering Awareness Questions
 For the first four “engineering awareness” questions 
(Figures 1-4), there were significant differences in the 
pre- vs. post-survey responses.  The percentages indicat-
ing increased awareness ranged from 20% (Figure 3, Co-
hort 2009) to 113% (Figure 2, Cohort 2011).  
 To further explore the findings, individual teacher 
data were further investigated to determine those circum-
stances that could yield larger increases in engineering 
awareness.   Four (4) questions were considered to deter-
mine if there were additional trends:

1. Did students in smaller communities demonstrate 
increased engineering awareness as compared to 
students in mid-size cities or urban areas?  

2. Did students in higher-level courses (e.g., Algebra II, 
Chemistry, Physics) demonstrate increased aware-
ness as compared to students in lower-level courses 
(e.g., Algebra I, Geometry, Biology)?  

3. Did the number of classroom implementation days 
for the E3-related activity make a difference in stu-
dent awareness of engineering?  

Figure 2:  Student Pre- and Post-Responses to Question 2

Figure 1 (a & b): Student Pre- and Post-Responses to Question 1



J o u r n a l  o f  S T E M  E d u c a t i o n      V o l u m e  1 9  •  I s s u e  4     S e p t e m b e r - D e c e m b e r  2 0 1 824

4. Did the years of teaching experience make a differ-
ence in increased student performance regarding 
engineering awareness?  

 These questions did not reveal additional trends in 
student awareness of engineered devices before or after 

the classroom activity(ies) (Figure 1).  There were seven 
(7) teachers whose classes provided at least 90% more 
examples in the post-survey as compared to the pre-
survey.  Three (3) of these teachers were from rural areas, 
two (2) were from mid-sized cities and two (2) were 

from urban cities.  Four (4) of the teachers taught lower-
level courses (Algebra I, Geometry) and three (3) of the 
teachers taught higher-level courses (Algebra II, Physics, 
Anatomy & Physiology).  The number of days for their E3 
units varied from 4 days to 7 days.   The range in teaching 
experience was 4-10 years.  
 When asked world problems that engineers could 
solve (Figure 2), the findings did not reveal any additional 
trends.  There were nine (9) teachers whose classes pro-
vided at least 90% more examples in the post-survey as 
compared to the pre-survey.  One (1) of these teachers 
was from a rural area, three (3) were from mid-sized cit-
ies and five (5) were from urban cities.  Three (3) of the 
teachers taught lower-level courses (Algebra I, Biology, 
Geometry) and six  (6) of the teachers taught higher-level 
courses (Algebra II, Chemistry, Physics).  The number of 
days for their E3 units varied from 4 days to 8 days.  The 
range in teaching experience was 4-18 years.   
 No additional trends were found regarding examples 
of how engineers make life more comfortable (Figure 3). 
There were eleven (11) teachers whose classes provided at 
least 90% more examples in the post-survey as compared 
to the pre-survey.  Four (4) of the teachers were from a 
rural area, two (2) were from mid-sized cities and five 
(5) were from urban cities.  Six (6) of the teachers taught 
lower-level courses (Algebra I, Biology, Geometry) and 
five (5) of the teachers taught higher-level courses (Alge-
bra II, Chemistry, Physics).  The number of days for their E3 
units varied from 4 days to 8 days.   The range in teaching 
experience was 2-23 years.  
 For Figure 4 (i.e., naming engineering fields), the 
findings again demonstrated no additional trends.  There 
were eleven (11) teachers whose classes provided at least 
90% more examples in the post-survey as compared to 
the pre-survey.  Four (4) of the teachers were from a ru-
ral area, four (4) were from mid-sized cities and three (3) 
were from urban cities.  Seven (7) of the teachers taught 
lower-level courses (Algebra I, Biology, Geometry) and 
four (4) of the teachers taught higher-level courses (Al-
gebra II, Chemistry, Physics, AP Biology).  The number of 
days for their E3 units varied from 4 days to 13 days.  The 
range in teaching experience was 2-10 years.  
 When asked which phrase describes an engineer 
(Figure 5), the percentage of students that answered the 
question correctly in the pre-survey was seventy-three 
percent (73%).  The percentage rose to 85% in the post-
survey. Since the students, in general, performed well on 
this question (pre and post), the individual teacher data 
were not further investigated.  
 This analysis suggests that none of the four factors 
investigated (i.e. the city/town population size where 
the high school is located; the level of subject matter; the 
number of classroom implementation days for the E3 unit; 
the years of teaching experience) appear to affect overall 
student performance in regards to increased awareness of 
engineering.  

Figure 5:   Student Pre- and Post-Responses to Question 5

Figure 3: Student Pre- and Post-Responses to Question 3

Figure 4: Student Pre- and Post-Responses to Question 4
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 Another possible factor not addressed in this discus-
sion is “teacher effectiveness.”  How much effect does the 
individual teacher have on his/her students and their 
academic performance?  Various research studies have 
investigated the issue of teacher effectiveness.  One ap-
proach to teacher-performance research is the “value-
added” assessment which focuses on student academic 
achievement gains over a given year that can be attrib-
uted to a district, a school, or an individual teacher.  The 
gains in academic achievement are the “value” that the 
teachers, schools and districts add.  A comprehensive 
review of value-added research by the RAND Corpora-
tion found convincing evidence of the differential effect 
that individual teachers had on their students’ academic 
progress (McCaffrey, Lockwood et al. 2003).  Other studies 
had similar findings (Rivkin, Hanuskeh et al. 2000, Rowan, 
Correnti et al. 2002, Nye, Konstantopoulos et al. 2004).  
 When comparing student performance as it relates 
to increased student awareness to engineering, teacher 
effectiveness could explain the changes.  Other factors 
could be involved, but this survey was not part of a study 
designed to identify any specific factors affecting student 
performance.     

Regarding College Plans Questions
 For the “college plans” questions (Figures 6-8), indi-
vidual teacher data were evaluated to determine if there 
were additional trends in student responses.   Regarding 
plans to attend college (Figure 6), the overall percentage 
shift in student response (pre vs. post) was reported to 
be 0% for Cohort 2009 and 3% for Cohorts 2010-2013.   
Considering the individual teacher data, students for three 
(3) of the 46 teachers demonstrated at least a 20% shift 
toward favoring plans on going to college.  For the other 
teachers, there was no significant change in student re-
sponses.       
 Considering the number of students planning to en-
roll in advanced courses (Figure 7), the overall percentage 
shift was reported as 2% shift towards the “agreement” 
end of the Likert scale. From the individual teacher data, 
the changes in student responses (pre vs. post) were mini-
mal for each of the 46 teachers.  
 When considering engineering as a college ma-
jor (Figure 8), the overall shift in student response (pre 
vs. post) was reported to be 8.2% for Cohort 2009 and 
7.4% for Cohorts 2010-2013.  Investigating the indi-
vidual teacher data, there were five (5) teachers whose 
students expressed more than a 30% shift towards in-
creased interest in an engineering major when compar-
ing their survey responses (pre vs. post); there were six 
(6) teachers whose students expressed a 10%-20% shift 
towards increased interest.  For the remaining 35 teachers, 
the survey responses were less than a 10% shift in their 
student responses regarding increased interest in studying 
engineering.  
 In their final reports submitted to the E3 program 

Figure 7: Student Pre- and Post-Responses to Question 7

Figure 6 (a & b): Student Pre- and Post-Responses to Question 6
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team, virtually all of the teachers expressed receiving 
positive feedback from the majority of their students re-
garding the E3 classroom activities.  The overall changes in 
student responses (pre vs. post) regarding interest in con-
sidering an engineering major (Figure 8), demonstrate a 
positive impact by the teachers.  In the pre-survey, 32.4% 
of the students indicated interest in pursuing an engineer-
ing major (“agree” or “strongly agree” responses). In the 
post-survey, that percentage rose to 40.6%.  
 What about the other 59.4% of the students surveyed 
(i.e., those students who “disagreed” or “strongly dis-
agreed”) regarding interest in considering an engineering 
major in college?  Perhaps the older students (juniors and 
seniors) had already decided on another college major to 
pursue, or had decided not go to college at all.  Some of 
the younger students (freshmen and sophomores) may 
have the ability and/or interest, but were still reluctant 
to consider engineering.  Of course, many students will 
never consider engineering because of their perceived lack 

of ability and/or their lack of interest in engineering for 
their own pursuits.  Since this survey was not part of a 
study designed to investigate these issues, we can only 
speculate on the students’ reasons behind their responses.  

Conclusions
 These survey findings are not part of a rigorously de-
signed study, so it is not possible to determine the factors 
explaining the results.  However, this is a large dataset (i.e., 
survey responses from 2,263 high school students) regard-
ing students’ increased awareness of (and interest in) the 
field of engineering as a result of the implementation of 
their teacher’s engineering-related classroom lessons. 
 The survey responses (pre vs. post) to questions re-
lated to engineering awareness suggest that student 
awareness was increased following the classroom imple-
mentation of E3 lessons/activities.  The student responses 
to college plans indicated that there was an increased 

interest in pursuing a college major in engineering.  
 For those students who already have an interest in 
engineering, there are K-12 outreach programs available 
(e.g., summer camps, after-school programs, etc.) to help 
them decide whether to pursue an engineering career.  
Unfortunately, the vast majority of students sitting in 
today’s K-12 classrooms have little (or no) awareness of 
engineering and the rewarding career they might have if 
they pursued engineering.  
 The E3 program, and the student surveys conducted 
as a part of the program, demonstrate the value in using 
teachers to expose students to engineering through their 
math and science classes to create an awareness and at-
tainability for students who might not have considered 
this career path.  It is important to note that even if stu-
dents do not follow continued studies to prepare for or en-
roll in engineering, their increased awareness of the field 
has value in creating an appreciation for the engineering 
profession.  However, implementing surveys to quantita-
tively or qualitatively assess how many students who had 
been exposed to the E3 teachers actually entered a STEM 
field would provide more evidence of the impact of teach-
ing influence.
 Although NSF funding for the E3 program concluded 
in August 2013, the TAMU College of Engineering contin-
ues to offer this summer program to Texas high school 
science and mathematics teachers using other sources of 
financial support. 
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APPENDIX 
Student Survey Questions

FOR QUESTIONS 1-4, list as many examples as you can (maximum of 10).  
 1.   What engineered devices do you have today that your parents did not have when they were children?    
 1)_____________________  (6)   _____________________
 2) _____________________  (7)   _____________________
 3) _____________________  (8)   _____________________
 4) _____________________  (9)   _____________________
 5) _____________________  (10) _____________________ 
TOTAL NUMBER:  ______

2.   What are some of today’s world problems that you think engineers could solve?   
         1)  _____________________                  (6)   _____________________
  2)  _____________________  (7)   _____________________
  3)  _____________________  (8)   _____________________
  4)  _____________________  (9)   _____________________
  5)  _____________________  (10) _____________________
 TOTAL NUMBER:  ______

 3.  How do engineers make our lives more comfortable? Air conditioning is one example.  
        1)  _____________________                  (6)   _____________________
  2)  _____________________  (7)   _____________________
 3)  _____________________  (8)   _____________________
  4)  _____________________  (9)   _____________________
        5)  _____________________  (10) _____________________
TOTAL NUMBER:  ______

4.  Name as many types of engineering fields that you can think of.       
        1)  _____________________                  (6)   _____________________
  2)  _____________________  (7)   _____________________
  3)  _____________________  (8)   _____________________
  4)  _____________________  (9)   _____________________
        5)  _____________________  (10) _____________________
 TOTAL NUMBER:  ______

QUESTION 5: Which of the following describes an engineer?
a.	 A person who uses the scientific method to make conclusions based on experimentation.
b.	A person who uses math to research phenomena in the natural world.
c.	 A person who applies science and math to fulfill a need in society.

QUESTION 6:  I am planning to go to college.
a. strongly disagree
b. disagree
c. agree
d. strongly agree

QUESTION 7:  I am currently enrolled or planning to take advanced level classes (e.g., pre-AP, AP, dual credit, honors) that will prepare me for college.  
a. strongly disagree
b. disagree
c. agree
d. strongly agree

QUESTION 8:    I am considering engineering as a major in college
a. strongly disagree
b. disagree
c. agree
d. strongly agree


