Progress on a mixed methods research project studying interest
and identity of participants engaged in engineering camp
activities: methods and preliminary results

Introduction

There exists a continuing issue in the United States with respect to under-enrollment in
engineering majors in college, and hence interest in pursuing an engineering career, especially
within underrepresented groups including women [1]. Studies have shown that a strong predictor
of students enrolling in engineering college majors and pursuing an engineering career is student
interest in engineering at the K-12 level [2, 3]. In addition, it has been shown that a critical time
where student interest, identity, and career choices begin to solidify is during middle school
years [4, 5] and hence should be the population on which studies should focus. The National
Academy of Engineering and National Research Council emphasize the importance of
engineering education at the K-12 level [6]. Informal STEM outreach programs have been
instituted for students in K-12 by many universities that have engineering programs [7, 8].
Specifically, “Increasing the interest of K-12 students in the sciences rests on university outreach
efforts and improved K-12 instruction” [4, p. 6]. There is a need to better understand the ways in
which outreach programs like engineering summer camps influence engineering interest and
identity in middle school students and subsequent choice of engineering as a major and career.

This paper reports on progress to date of a two—year project that explores interest and identity
development of three populations (ages ranging from 11 to 17 years) participating in three
separate introductory level engineering summer camps offered by the College of Engineering at
the University of Nevada, Reno. The three populations are participants in a (1) Young Women in
engineering (all female), (2) a First-Generation (for students who will be the first person in their
immediate family to attend college), and (3) an Open Enrollment engineering camp (admits any
student who applies on a first-come first-served basis). The research design leverages an existing
quantitative survey along with focus groups and observations related to the survey questions.
Results and preliminary analysis of the qualitative data collected during the first cycle of summer
camps held during summer 2018 are presented and discussed.

Research Design, Methods and Instruments

Guidelines provided by Creswell [9] were followed in developing the research design for this
project. The approach is a convergent parallel-mixed methods and the research questions that are
being addressed are: (1) How strongly are engineering identity and interest linked to the pursuit
of engineering as a major in college and as a possible future career? (2) Which specific activities
in the summer camps lead to a change in identity and interest in engineering? (3) To what extent
and in what ways do the qualitative participant focus group interviews and observations of
participants engaged in camp activities contribute to a comprehensive understanding of the
quantitative data obtained via pre- and post-surveys?

Description of summer camps and participants

The engineering content of each of the three camps is the same, designed with the goal of
increasing understanding of and sparking interest in different engineering fields and careers. The
only difference between the three camps is that the women-focused and first-generation camps
involve participation of guest speakers and role-model mentors appropriate for the camp
populations. The camp activities include building a speaker using a circuit breadboard, blasting



off bottle rockets designed by the campers, testing gum-drop and toothpick towers on a miniature
shake table, learning about environmental concerns in mining, crafting code for a robotics
activity and, touring a local engineering company where they interact with engineers. Some of
these activities were conducted in university laboratories and some in the engineering conference
area that is the location for the summer camps. Activities were led by engineering students and
faculty. IRB approved protocols were followed. The total number of participants in the camps
during summer 2018 was 62 that included 20 in the Young Women in Engineering camp, 17 in
the First Generation camp and 25 in the open-enrollment Introduction to Engineering camp.
Seven campers did not have parental consent and we did not have complete data for eight. Hence
the total number of participants included in year 1 of the study was 47.

Quantitative Data collection

Quantitative data consists of a pre-survey, administered electronically using Qualtrics, taken by
the participants on day 1of the camp in the Engineering Computer Center. Campers had 15
minutes to fill out the survey and the researchers were present in the room in case the campers
had any questions. Survey questions were from the Friday Institute survey [10], an instrument
that measures student attitudes towards STEM and has been tested and validated [11]. The
survey was also delivered on day 4/5 of the camp (post-survey). Analysis of the data was
conducted using SPSS. Results will be discussed in detail in another paper at this conference
[12].

Qualitative data collection

Qualitative data consists of in-depth focus group interviews (on day 4/5). A semi-structured
focus group interview protocol was developed by the researchers and consisted of open-ended
questions relating to identity, interest, and career aspirations, i.e. closely related to the project
research questions. Each twenty minute focus group consisted of 5 - 6 participants and was
videotaped, transcribed by Rev.com and checked for accuracy by the researchers.

In addition, observations of camp activities during all five days of the summer camp were
carried out. A semi-structured checklist and the worksheet for the daily observations of
participants involved in camp activities was designed based on guidelines provided in the
Individualized Classroom Assessment Scoring System (inCLASS) [13]. Video recordings were
made of campers engaged in camp activities.

Qualitative data analysis

A team coding process was adopted where the principal investigator (PI) and graduate student
coded as a team in several weekly meetings spanning a period of three months. An open coding
process was followed where codes were developed from the transcripts, followed by axial coding
where the codes were analyzed to see if there was any connection between the codes [14]. The
codebook was developed based on the project research questions and the collected data. Since
the objective of the PFE:RIEF program is to train researchers in the field of engineering
education research, the PI and graduate student first went through the process of manual coding
one of the focus group transcripts following the suggestion of Saldafia [15]. Once they felt
comfortable with the process, they took the training offered by NVivo and started using NVivo
for coding the remaining focus group transcripts (eleven in all: three each from the Young
Women'’s and First Generation camps and five from the Introduction to Engineering open
enrollment camp). A codebook consisting of twelve main codes was developed during first-cycle
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coding. Under three of the codes “future”, “interest” and “identity” (that have emerged as
themes) there were sub-codes. The analysis of data (focus group participant quotes) that was
inserted under these three themes and that directly relate to research question (1) will be
presented in another paper at this conference. Seven codes directly related to the research
questions, and the remaining codes contained data from the focus group transcripts that were
sufficiently interesting that warranted a separate code. In this paper we present a preliminary
analysis of data that falls under three emergent themes that are related to research question (2).
Some interesting observations are made based on this preliminary analysis. We also discuss
some of the changes that will be implemented in the second cycle of summer camps that will be
held during the summer of 2019 based on results of the qualitative analysis.

Results

Preliminary analysis of the focus group interview transcripts indicates that there is a positive
change in engineering interest and identity of the participants due to the summer camps and the
results are presented in another paper at this conference. The results presented here are based on
analysis of codes mentioned in the previous section that have led to three emerging themes:

1. Feelings about autonomy: A recurring emerging theme was that the standalone PowerPoint
presentations were too long, slow and boring sometimes being attributed to the speaker’s level of
enthusiasm, length of presentation and disconnect between the presentation and hands-on activity
that followed. Sample quotes are “I found at the very first day all the PowerPoint that were super
long, I find that kind of boring. You just listen to it”, “I didn’t really like all the PowerPoints and
stuff they were telling us. It was super long and it made me kind of tired. And I couldn’t always
hear what they were talking about. Or understand it”. The campers definitely enjoyed the hands-
on activities more and indicated that if the presentations were combined with a hands-on activity
they would have found them more interesting. They also seemed to be more interested in the
activities that were not guided but where they got to build something according to some design
specifications. They wanted to understand why they were doing what they were doing. Typical
quotes were: “So don’t stop the lectures. They’re useful. They helped me remember things that I
forgot, but maybe do them a bit faster”, “I was kind of expecting some cool engineering project
after the one lecture”, “Like I said, a lot of the activities I didn’t feel like much of an engineer
because I felt like we were just being told what to do, which isn’t really what engineers do”. In
addition, we observed in some of the focus groups that the campers got involved in a lot of
animated discussion about some of the activities (Mining the Environment and the Rocket
activity are examples). Activities that did not present a challenge also caused disinterest, or if
some activity was hard or did not work.

2. Collaboration, communication and teamwork: A second emerging theme was that the camps
created an awareness of how engineers work in teams, collaborate and communicate while
working on a project. The campers also learnt that it took a lot of people to make things happen
in engineering. They seemed to really enjoy this aspect of the camp as it was related to the social
aspects of being in a camp and meeting new friends. Although an in-depth comparison between
the three populations and among focus groups within a population has not yet been carried out, it
was noticed that one of the focus groups in the open enrollment camp seemed to have a good
insight into the issue of teamwork compared to one in the first generation camp who said the
least on this subject. Sample quotes that lend credence to this theme from the above mentioned
open enrollment focus group are: “My perception didn’t change, but I recognized that it takes a
lot of different people working together, like at the mining project, the environmental engineer,



the manager, the miner, the refiner, and the waste manager, and they all had to manage the mine
to make it a clean mine”, “My perspective changed on it too because, um yeah, I didn’t know
that we had to work in teams, like I thought you’d just be like one person doing it, and it would
just be kind of easy to do, but it’s not, you need like a team, cause if you only have like a
computer scientist then to build a rover, just him working on it, you’d only be able to do the
program, but then the rest of it you wouldn’t be able to do so”.

3.Planning and ‘future self’: This theme emerged around camper comments regarding what
classes they need to take in the future in order to become engineers. Typical quotes are: “So like
you said it is going to make me take some certain classes that could help me. Like, let’s say I
wanted to get into robotics. So I would most likely take a class that’s like computer
programming and stuff like that”, “Yeah, I definitely think I need to take a different angle on
classes I choose in high school”. Another theme that emerged is that some campers were more
focused on hands-on activities and wanted to pursue that aspect in the future. Also, we noticed
that they were not quite making the connection between activities and a particular field/s of
engineering. Campers’ comments indicated that they enjoyed the camp and they spoke about
how they learnt about how many different types of engineering fields existed.

Discussion

Three main themes related to research question (2) Which specific activities in the camps lead to
a change in identity and interest in engineering? have emerged after analysis to date: 1. Feelings
about autonomy, 2. Collaboration, communication and teamwork, 3. Planning and “future self”.

Further in-depth analysis is continuing, including analysis of the observational notes.

An important outcome of the preliminary data analysis is some changes in the camp
activities. This includes shorter presentations, emphasizing the engineering design process, and
a follow-up hands-on activity closely connected to the presentation ending with a “reflection”
session (theme 1). The “reflection” session after each activity would be where campers could
discuss why a design or approach worked or failed, like in a real engineering environment. We
feel that this would contribute towards creating an engineering identity in the participants and
that this will lead us to rich qualitative data during the second cycle of camps in summer 2019. In
addition, an interesting outcome (theme 2) was that the camps did instill in the campers the
connection of words like “teamwork”, “collaboration” and “communication” to engineering.
This has been indicated as a necessity in marketing engineering to the public, including K-12
[16]. Finally, an outcome of theme 3 is that we will be giving guidance to the campers on classes
they should be considering to be successful in engineering keeping in mind what has been
suggested in [16]. We will also reinforce the connection of camp activities to fields of
engineering throughout the five days of camp. Future work will focus on understanding which
activities and approaches serve to positively foster students’ identities and interests so that we
can transfer these findings to other summer camps and informal K-12 education programs.
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