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Stimulating an Interest in Engineering through an “Explore Engineering and
Technology” Summer Camp for High School Students (Research to Practice)
Strand: Other

Abstract

Attracting a larger number of young people to Science, Technology, Engineering and
Mathematics (STEM) careers is critical to the United States being able to remain globally
competitive. One increasingly popular approach by colleges and universities to this end is to
offer on-campus STEM summer camps to high school and middle school students. Our College
has offered one-week Robotics summer camps for high school and middle school students every
summer since 2009. The Robotics camps fit naturally with the large number of FIRST Robotics
teams in our area whose students welcome the opportunity to continue learning and practicing
skills in the off-season. For the 2013 high school summer camp however, engineering faculty in
the Division decided to broaden the scope of the camp to introduce a wider population of
students to engineering and technology.

The “Explore Engineering and Technology” camp attracted a full group of 27 students in its first
run, out of which eight were female. The one-week camp was structured around different
engineering disciplines - civil, computer, electrical, mechanical, and optical engineering. A total
of nine instructional modules, each three-and-a-half-hour long, were developed and taught by
engineering faculty during the camp. Groups of students rotated through morning and afternoon
sessions conducted in our engineering laboratories. They were given an introduction to
fundamental engineering principles followed by hands-on experimentation in the lab. In addition
to the faculty members teaching the program, a couple of undergraduate engineering students
were present to help and mentor, which turned out to be a great learning experience for them. To
conclude the camp, participants were asked to choose one of the modules from which to prepare
and give an oral presentation during the last session. A competition for the top three
presentations was set-up and awards were given.

The paper discusses the content of the modules and the results of the camp as evidenced by
student presentations and student surveys. The camp was successful in increasing students’
interest and confidence in pursuing careers in engineering and technology. Lessons were also
learned from the first offering of the camp leading to plans for future improvement. These
include development of a Workbook/Lab Manual summarizing all modules for students to use
during the camp as well as keep for future reference. Future plans also include adding new
activities and experiments to accommodate both new and returning students.

Introduction

STEM summer camps for high school and even middle school students offered on campus by
colleges and universities have become extremely popular in the past decade. The Engineering
Education Service Center (EESC), a company providing resources to K-12 educators to help
promote STEM areas with a focus on Engineering, is compiling and publishing a directory of
summer camps®, organized by state. Without being exhaustive, the directory includes hundreds
of camps and offers a valuable glimpse into the variety of camps that are available. An important
objective of summer camps is to stimulate and increase interest, as well as confidence, in
pursuing a STEM or engineering career among young people, including under-represented
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minorities. This is a very important goal as STEM based occupations are expected to increase in
the future?, while the enrollment in STEM programs in the United States continues to lag
behind®. Another objective of summer camps is to introduce students to the campus of the
university or college offering the camp and to help with future student recruitment.

A good grouping of various summer camps is provided by Robert Fletcher in a paper presented
at the ASEE Annual Conference and Exposition in 2010*. According to Fletcher there are four
types of summer camp programs: “1. introduction to engineering programs that expose the
student to the broad and many aspects of engineering; 2. topical programs that concentrate on a
specific technical area or field; 3. programs that target specific segments of the population that
may be under-represented in the engineering disciplines; and 4. summer camps that focus on
teaching public school teachers about engineering”. The summer camp described by Fletcher in
his paper falls in the second category, focusing on introducing students to Alternative Energy.
Many camps fall in this category, for example a Nanoscale Science and Engineering camp®, and
numerous Robotics® ’ camps. There are also many camps in the first category® °. The camp
described in this paper falls in the first group and summer 2013 was the first year we offered
such a camp.

Our College has offered a Robotics summer camp for high school students for four consecutive
years between 2009 and 2012, as well as a Robotics summer camp for middle school students
from 2010 to 2013. The high school Robotics camps had a number of objectives, including
attracting more students to STEM careers and introducing them to our campus. A very specific
objective was to support the FIRST? Robotics teams in our local area with activities throughout
the off-season. Due to this latter objective the camp content focused on topics students learn
when they participate in the FIRST Robotics competition, structured around designing, building,
programming and testing an autonomous and teleoperated driving robot equipped with sensors.
The Robotics camps were very successful and, as expected, attracted many student members or
potential members of FIRST teams in our area.

In 2013 faculty in the Division of Engineering and Technology discussed expanding the summer
high school camp to cover broader engineering topics, and also to attract a wider population of
students than the FIRST Robotics participants. As the College is located in a county with some
economically depressed areas, the desire was also to attract students from disadvantaged
backgrounds and introduce them to engineering. To reflect the new camp content the name was
chosen as “Explore Engineering and Technology Camp”. The paper describes the organization of
the new camp, its curriculum, the evaluation results, the lessons learned, and the plans for future
improvements.

“Explore Engineering and Technology” Summer Camp

The “Explore Engineering and Technology” summer camp for high school students was offered
for the first time during the week of July 8 - 12, 2013 at Baker College, Flint Campus. The camp
was capped to 27 participants and it reached the maximum capacity well before its July 8 start.
The camp was organized as a commuter camp, with participants being responsible for their own
transportation to and from the College. There was no cost for the participants. This included
lunch paid for by the College. The camp was offered at no cost to broaden the participation of
students and include students from disadvantaged backgrounds.
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The camp was advertised through flyers sent to all school districts in the area, which included an
application form to be filled and returned by interested participants. Eligible students were those
entering 9™ to 12" grades in fall 2013. The application asked students to describe their interests
and abilities in STEM fields in a short paragraph. GPA was not used as a criterion to select
students. A committee of faculty members reviewed the applications and selected the camp
participants. The committee based its selection on applicants’ description of their STEM interests
and previous experiences. As this was the first time the camp was offered, we used rolling
admission to fill the camp. Once the maximum capacity was reached, we placed the next couple
of qualified applicants on a wait list in case some of the ones already admitted would later decide
not to attend. Out of the 27 participants there were eight females. Eleven schools were
represented and the majority of the participants, 14 out of 27, were entering 10" grade. Among
the schools represented several were located in economically depressed parts of the county.

a) Schedule

The camp schedule was Monday - Friday, from 8:30am to 4:00pm, with one half hour for lunch
between 12:00-12:30pm. The total number of hours of instruction was 35. Participants attended
two sessions every day, each session 3.5 hours long, one in the morning and one in the afternoon,
for a total of nine sessions. The afternoon session on the last day of camp was dedicated to
student presentations competition and the award ceremony.

At the beginning of the camp students were divided in three groups of nine, which we labeled A,
B and C to help with the logistics of rotating students through the instructional modules. The
nine instructional modules were labeled 1 - 9. The table below was given to students to help
orient them vs. the order of the sessions. Details about each session are provided in the next
section.

Table 1. Schedule of sessions 1-9 for each of the three student groups labeled A, B, and C.

Faculty 1 | Faculty 2 Faculty 3 | Facultyl | Faculty 2 Faculty 3
Monday Al B7 C4 Cl A7 B4
Tuesday Bl C7 A4 A2 B8 C5
Wednesday C2 A8 B5 B2 C8 A5
Thursday A3 B9 C6 C3 A9 B6
Friday B3 C9 A6 Final Presentations

Three faculty members co-taught the camp, each being responsible for three modules. Faculty
received help from two undergraduate mechanical engineering students and a lab technician
every day of the camp. In addition, two adjunct faculty members participated in some of the
sessions. Involving the undergraduate students proved very beneficial for the students
themselves, the high school students, and the faculty. The undergraduates discovered they
enjoyed teaching and mentoring younger students. One of them had never interacted with young
people in this way before the camp. Both mechanical engineering students described their
positive experiences with the camp to faculty in oral communications. They expressed interest in
returning for future camps as well as considering teaching engineering as a possible career path.

v'v0TT 2 abed



At the same time the high school students appreciated the more informal interaction they had
with the undergraduates and felt more at ease asking them questions.

Based on this positive experience faculty is planning to involve undergraduate students even
more in the next offering of the camp, which will require more extensive preparation before the
start of the camp. Next summer the undergraduate students will be given the responsibility of
teaching some portions of the modules in addition to helping with the experiments in the lab,
which was their primary responsibility this time.

b) Curriculum

The nine instructional modules taught during the “Explore Engineering and Technology” camp
were the following:

. Materials Science

. Engineering Computation: Excel and Matlab
. Mechanics of Materials

. Computer Aided Engineering

. Advanced Manufacturing

. Thermal Science

. Photonics and Lasers

. Electrical Engineering

. Computer Engineering

O©CoO~NO O WDN P

Modules 1-3 were taught by one faculty member, 4-6 by another, and 7-9 by a third faculty
member. All modules were taught in a laboratory setting, and consisted in a short lecture
followed by experiments performed by the students. The lecture of about half an hour introduced
students to the fundamental principles in each area and to some of their main applications. A
presentation of the lab equipment followed together with safety instructions. Students were then
given experiments to perform under supervision from faculty and assistants. Modules 2 and 4
took place in a computer lab. The following table presents details on the topics and lab
experiments performed by the students.

Table 2. Topics presented in each of the nine modules.

Module Topics and lab experiments

Materials Science Sample preparation for microstructural analysis, microstructural analysis

using a microscope, Rockwell hardness testing

Engineering Computation: | Using Excel and Matlab to solve linear simultaneous equations, single

Excel and Matlab nonlinear equation, matrices, eigenvalue problems. Graphing.

Mechanics of Materials Tensile test of steel and aluminum specimens, Charpy impact test,
deflection of beams

Computer Aided Basic rules of sketching, drafting and projection. Creating 3-D objects

Engineering using ProEngineer software.

Advanced Manufacturing Precision measurements, area, volume and weight calculations, making

simple objects using 3D printers

Thermal Science Thermodynamics experiments, hydrostatic pressure

Photonics and Lasers Basic properties of light, measuring the speed of light, fluorescence
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Electrical Engineering Assembling simple electric circuits using a breadboard, measuring
voltage, current, resistance and power

Computer Engineering Explore 8-bit microprocessor development boards (PIC18), instruction

set architecture, embedded system applications

Figure 1 shows students working on experiments in the Materials Science Lab, and the Optics
and Photonics Lab.

Fig.1 a) Students performing Rockwell hardness testing in the Materials Science Lab; b)
Students working in the Optics and Photonics Lab

c) Student Presentations

Students learned at the beginning of the camp that they will have to prepare an oral presentation
from a module of their choice, and give this presentation during the last day to an audience that
will include everyone involved with the camp. The Dean of Engineering was invited to the final
presentations as well as any interested parents. Students formed their own groups to work on the
presentations, with the recommendation not to have more than three students in one group. The
presentations were judged by a committee made out of the faculty members teaching the camp
and the Dean, and the top three presentations were awarded prizes. All students in the camp
received certificates of achievement and T-shirts, handed by the Dean after the presentation
competition.

The most popular module chosen by students to base their presentation on was “Advanced
Manufacturing” with three presentations. This was followed by “Materials Science” and
“Computer Aided Engineering” with two presentations each, and “Engineering Computation”
and “Electrical Engineering” with one presentation each. The remaining four modules, on
“Mechanics of Materials”, “Thermal Science”, “Photonics and Lasers” and “Computer
Engineering” were not chosen by any group for the final presentation. Faculty has discussed
these latter modules and will look into possible improvements to make them more attractive to
students. Collecting more data from the next group of students will also help to better understand
students’ perceptions of these topics.

The final presentations were creative and had good content, but were presented in a somewhat
informal manner. For example, students included only their first name on the first slide. Faculty
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provided recommendations for improvement in both content of the slides as well as in their
delivery. The top three presentations were as follows: first place presentation was on “Materials
Science”, second place presentation was on “Engineering Computation”, and third place
presentation was on “Computer Aided Engineering”. Four of the eight girls participating in the
camp were part of the teams that took first and second place in the presentation competition.

d) Assessment Results and Discussion

Two surveys were given to camp participants to judge the impact of the camp activities on their
interest and confidence in pursuing an engineering career. A short pre-camp survey administered
the first day of the camp asked students about their general interest in enrolling in college and
pursuing an engineering degree. The post-camp survey given in the last day was more extensive
and asked questions about the camp impact on students’ interest in engineering, their teamwork
and presentation skills, the modules taught, the camp schedule, and suggestions for
improvement. The possible answers to both survey questions were Strongly Agree, Agree,
Neutral, Disagree, and Strongly Disagree.

The pre-camp survey questions were as follows:

1) I plan to go to college when | finish high school.

2) I am interested in a specific college(s).

3) | have a specific career goal(s).

4) | am interested in a career in engineering/4-year program.
5) I am interested in a career in technology/2-year program.

The figure below shows students responses to the pre-camp survey. The responses illustrate that
this was a very focused group of students, with a large majority planning to enroll in college
(96%) and having very clear goals in mind (86%). A large percentage of the students, 71%,
expressed their interest in engineering either at agree or strongly agree level.
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Fig.2 Student responses to pre-camp survey questions
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The post-camp survey questions were as follows:

1) The summer camp stimulated my interest in engineering.

2) The summer camp enhanced my interest in engineering.

3) The camp taught me teamwork and be a team player.

4) The camp helped me in improving my presentation skills.

5) Did you think that the number of activities was appropriate?

6) Did you think that the amount of material covered was appropriate?
7) | feel more confident now in pursuing a career in engineering.

Figure 3 shows the students responses to the post-camp survey. Only 25 students were present at
the time when the post-camp survey was administered, and one student did not answer questions
5 and 6. The responses show that 60% of students felt the camp stimulated and enhanced their
interest in engineering (questions 1 and 2). A slight majority, 56%, felt more confident about
pursuing a career in engineering at the end of the camp (question 7). These percentages do not
seem very high, but we have to keep in mind that 20 students already expressed an interest in
engineering at the beginning of the camp.
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Fig.3 Student responses to post-camp survey questions

Responses to questions 3 and 4 about teamwork and presentation skills showed students did not
feel they benefitted from the camp activities in these respects. The camp did not provide any
instruction on how to create a good presentation, and students were on their own when putting
their presentation together. Students’ responses show this is an area in need of improvement for
the next camp offering. Teamwork will also need to be pinpointed in discussions with students
throughout the camp as being an essential part of engineering work. Some students attending the
camp were members of FIRST Robotics teams. They brought with them the very competitive
spirit of robotics events especially towards students from rival schools. In future offerings of the
Explore Engineering and Technology camp we will include a segment about the importance of
teamwork and the role played by different members of an engineering team.
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Questions 5 and 6 were about the activities and material covered during the camp. Responses
here varied, with “agree” being mentioned the most. At the end of the survey we included an
open ended question asking for students’ comments and suggestions for improvements. About
half of the students commented on having too much down time in some of the modules. They
suggested adding activities such that the time is used more fully. This came as a surprise for us
as we thought that we included a lot of material and activities, and students would be
overwhelmed by all the information. That did not turn out to be the case for a good half of the
participants. In future offerings we will add activities in the existing modules, and offer student
groups the chance to go at their own pace. One of the additions will be a combination of
Computer Aided Design and 3D printing activities, so that students will complete a cycle of
designing and making the objects designed using the rapid prototyping machines. Overall the
groups who are capable of doing more work will receive more challenges.

In comments students appreciated the hands-on aspects of the camp and asked for more hands-on
experiences. Another suggestion was to allow groups to choose activities based on their
preferences. This will be discussed among faculty, but the broad format of getting students to
experience fundamental principles as well as different engineering disciplines will most likely
remain.

Another portion of the post-camp survey asked students to rank the nine modules in their order
of preference starting with the one they enjoyed the most. The module picked by most students
as their favorite, with 14 votes out of 25, was the “Advanced Manufacturing” module where
students had the opportunity to use several 3D printing machines to make their own objects.
“Computer Aided Engineering” came in second, after which there was a wide distribution of
votes among the other modules. The responses to this question were fairly consistent with the
choice of module for the final presentation.

Conclusions and Future Plans

The first offering of the “Explore Engineering and Technology” summer camp at Baker College
in July 2013 brought in a full group of 27 students and successfully introduced them to
engineering principles and different engineering disciplines. Many of the camp participants were
highly interested and motivated and provided us with very good feedback on the camp content
and organization. Combining student feedback with faculty’s own observations while teaching
the camp will help us revise some aspects and make improvements for the offering of the same
camp next summer.

One of the observations made by faculty members teaching the camp regarded the lack of a Lab
Manual to summarize all experiments students participated in. Faculty members prepared slides
used in their short lectures, planned their experiments, and some had worksheets for students to
practice on. Students however were not provided with written material on the lab experiments.
We plan to create such a Lab Manual for the next offering of the camp where all experiments
will be gathered, and which will stay with the students after the camp ends.

As mentioned before, we plan to deepen and add activities in the existing modules so that
different student groups will be challenged at different levels. This will also help to diversify the
activities such that students who attended previously will find new things to do if they return to
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the camp. A better selection of students will allow us to hopefully have students who are all
motivated to learn throughout the camp. Even though the vast majority of students at the 2013
camp fit this profile, we did have a few who were less interested and they sometimes disrupted
the work of the group they were part of. With all these plans for additions and improvements we
are looking forward to the next “Explore Engineering and Technology” summer camp in 2014.

Finally, the pre- and post-camp survey questions will be revised to provide a more nuanced
picture of the camp impact on participants’ interest and confidence in pursuing engineering
careers.
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