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Abstract—This innovative Practice Full Paper establishes two
one-week summer camps to introduce fundamental engineering
and programming concepts to middle-school and high-school
students using the SparkFun Inventor’s Kit, Scratch, Makers
Empire 3D Design Software, and Java. The SparkFun Inventor’s
Kit is a great way to introduce electronics and programming
concepts to students who have little, no previous programming, or
circuit construction experience. During the one-week summer
camp, students were introduced to the Arduino-based SparkFun
Inventor’s Kit as the hardware platform, along with Arduino’s
Integrated Design Environment (IDE) for programming. Scratch
was used to teach fundamental programming concepts such as
arithmetic operations, strings, conditional statements, and loops.
The motivation of our program is to offer hands-on engineering
and programming experiences for middle-school and high-school
students to increase their interests and knowledge in engineering
and computing to promote student participation to meet the
growing demand. Our program is unique in several ways: First,
we developed several hands-on projects to integrate topics related
to engineering and computing to help students develop and build
skills of critical thinking, problem-solving, and invention. Second,
we used several teaching tools, e.g., SparkFun Inventor’s Kit,
Scratch, Makers Empire 3D Design Software, and Java to enrich
students’ learning experience, while other programs used only one
of those teaching tools. Third, we adopted several strategies to
enrich our program, such as social encouragement, academic
exposure, career perception, and social learning, which have
shown beneficial effects on student learning in the literature to
improve learning outcomes. Fourth, we also provided students the
opportunity of a campus tour to help students get familiar with
college life. Fifth, we organized team-building activities outside the
classroom to build skills of effective collaboration and
communication. Participants obtained a better understanding of
principle programming, engineering concepts, and confidence in
engineering and computing. The assessment results showed a
significant increase in knowledge and interest in engineering and
computing. This paper introduces the detailed information about
our program organization, coordination, core curriculum design,
and program assessment for organizing similar summer camps at
other institutions and further prompts the effort to increase
participation in engineering and computing fields.
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I. INTRODUCTION

The U.S. Bureau of Labor Statistics reported that
employment in computer and information technology
occupations is projected to grow 13 percent from 2020 to 2030,
faster than the average for all occupations, and employment in
engineering is projected to grow 6 percent from 2020 to 2030
[1]. While the demands for the computing and engineering
workforce remain strong, the supply remains weak. To meet the
growing workforce needs in engineering and computing, we
need to encourage more students to study and participate in
those fields. It has been approved that introducing engineering
and computing concepts to students at an early age can help
encourage them to study and participate in the workforce in the
future. However, computer science and engineering learning
opportunities are limited in K-12 education, for example, 51%
of American high schools offer foundational computer science
but disparities in access persist [2]. Rural schools, urban schools,
and schools with high percentages of economically
disadvantaged students continue to be less likely to offer
computer science and engineering [3]. Students need more
opportunities at the K-12 level to learn engineering knowledge,
computing knowledge, and skills that prepare them for college
and careers.

Many initiatives have been launched to stimulate interest in
engineering and computing disciplines nationally. Summer
camps for K-12 students have become very popular to introduce
engineering skills, scientific principles, and programming
concepts to increase the students’ knowledge and interests. In
summer 2021, a group of faculty members from our institution
and regional school districts collaborated and organized two
one-week summer camps to introduce engineering and
programming concepts to middle school and high school
students. Our program was supported by the Texas Workforce
Commission (TWC). The primary goal of our program is to
introduce middle school and high school students to
fundamental programming, engineering knowledge, and college
life to increase the students' interests and experience leading to
their selection of engineering and computing as a career choice
and major in higher education. Sixty-five students from several
financially disadvantaged school districts participated. We
utilized the SparkFun Inventor’s Kit, Scratch, Makers Empire
3D Design Software, and Java for fun hands-on activities to
demonstrate engineering and programming concepts to middle
school and high school students. Pre-and-post student surveys
were administered to assess the success of our program.



Assessment results indicated our program had a positive impact
on students’ attitudes towards engineering and programming.

The rest of this paper is organized as follows. Section 2
introduces the related work in the literature and discusses how
our program is unique compared to others. Section 3 describes
how our program is organized. Section 4 discusses our core
curriculums. It includes a brief description of the instructional
materials and the concepts taught in each hands-on session.
Section 5 explains how our program was assessed and the
assessment results were analyzed. Conclusions and future works
are in Section 6.

II. RELATED WORK AND CONTRIBUTIONS

Many institutions and organizations offer summer camps to
introduce fundamental programming and engineering concepts
to students at an early age. There are several popular educational
kits and software used for those camps, such as LEGO robotic,
Raspberry PI, SparkFun Invertor’s Kit, Scratch, App Inventor,
Python, Java, etc. Dr. Anjum and Mr. Wilcox organized a
computing camp to teach 6th graders computing concepts at the
Los Osos Middle School in California during the summer of
2019 [4]. Based on students’ feedback, the camp was successful
in inspiring the students and teaching them the skills needed to
be successful in a STEM career. Miller et al. [5] held several
week-long summer camps at the University of Southern
California to teach K-12 students about computer science. Lee
et al. [6] also organized summer camps for middle school and
high school students. They used MIT’s App Inventor to teach
basic coding concepts. In [7], a summer camp was held for high
school students in 2013 to teach students computer science
topics using interactive musical robots. Based on feedback from
the campers, the camp was successful in increasing interest in
Computer Science and other STEM-related fields. Nite et al. [§]
held a summer camp for 7th to 12th graders focused on
microcontrollers to increase interest in STEM-related fields and
to teach them the skills necessary to succeed in those fields. In
[9], a Computer Science summer camp was held for incoming
college freshmen to better prepare them to be successful in their
academic careers. The camp covered technical topics that the
students will come across in their studies as well as college
readiness topics such as a resume workshop. The camp was able
to cover all the planned topics and even saw two students change
their majors to Computer Science.

Introducing computing and engineering concepts to
students, particularly women and minorities at an early age can
help encourage them to study computing and engineering. Many
institutions and organizations organized summer camps to
increase interest in Computer Science for girls. In [10], a
Females in Technology Summer Boot Camp was held for high
school senior girls to increase the number of female students
who might pursue degrees in technology. Based on the pre-and-
post student surveys, the camp was able to increase the
participants’ knowledge, interest, and attitude toward
technology. In [11], a summer camp was held for female high
school students to encourage them to attend college and pursue
a major in STEM. AlHumoud et al. [12] held a two-week
summer camp for high school girls to teach them about
Computer Science topics using App Inventor and LEGO
Mindstorm NXT. They found that the campers best learned with

hands-on training activities and minimal lecturing. In [13], a
summer camp for middle school girls was held to introduce
female students to the fields of STEM in San Antonio, Texas.
The camp introduced a variety of Computer Science topics such
as robotics, MATLAB, programming, and game design. In [14],
a summer camp for high school girls was held in Saudi Arabia
to introduce Computer Science concepts to attract potential
students who might choose Computer Science as their college
major. The camp covered different topics from basic
programming concepts to game design.

We designed and implemented two one-week summer
camps that utilized the SparkFun Inventor’s Kit, Scratch,
Makers Empire 3D Design Software, and Java to offer students
hands-on programming and engineering experiences to increase
their knowledge and interests in computing and engineering.
Our program is unique in several ways: First, we focused on
hands-on projects to integrate topics related to electronic
engineering and computing to help students develop and build
skills of critical thinking, problem-solving, and invention.
Second, we utilized several teaching tools, e.g., Spark Fun
Inventor Kit, Scratch, Makers Empire 3D Design Software, and
Java, while others focused on one of those teaching tools only.
Third, we adopted several strategies to enrich our program, such
as social encouragement, academic exposure, career perception,
and social learning, which have shown beneficial effects on
student learning in the literature to improve learning outcomes.
For example, we adopted pair programming and buddy system
for our camps. Campers were assigned a buddy at the beginning
of the camp and were expected to remain with their buddy at all
times during the duration of the camp. Campers collaborated
with their buddy as a pair completing all projects. For career
awareness, we hosted a parent and student orientation before the
camp to inform parents and students about a wide variety of
engineering careers available for campers. Fourth, we also
provided students the opportunity of a campus tour to help
students get familiar with college life. Fifth, we organized team-
building activities outside the classroom to build skills of
effective collaboration and communication. Participants
obtained a better understanding of principle programming,
engineering concepts, and confidence in engineering and
computing. Assessment results showed an increased interest and
self-reported understanding of engineering and computing
topics after participants completed the camp as well as high self-
efficacy throughout the camp experience. Our program and the
hands-on interactive activities can be transferred to other
locations or universities with varying resources available.

III. PROGRAM ORGANIZATION

Organizing summer camps are important tasks including
core curriculum design, camp brochure design and distribution,
call for applications, application review and selection,
computing lab and classroom reservation, software installation,
dining hall reservation, parent and student orientation, ordering
of camp T-shirts, instructors and staff training, etc. We
collaborated with several regional school districts to recruit
students. We met with school counselors to discuss the
application process to recruit students from historically
underserved populations. The Court-Appointed Special
Advocates (CASA) organization assisted in identifying low-
income students in foster care. Applications were accepted for



consideration regardless of status, i.e., students with disabilities,
youth in foster care, students from low-income families, and
ethnic and racial status. For the first camp, there were 35
students. The first camp participant diversity is listed in Table I.
The first camp enrollment by ethnicity is shown in Figure 1. For
the second camp, there were 30 students. The second camp
participant of diversity is listed in Table II. The second camp
enrollment by ethnicity is shown in Figure 2. There were more
than 50% of female participants in both camps. The majority of
our camp participants in both camps were minority students.

TABLE L THE FIRST CAMP PARTICIPANT DIVERSITY

American Indian or Alaska Native 0 0
Asian 1 2
Black or African American 5 8
Hispanic, Latino, or Spanish 9 5
Native Hawaiian or Pacific Islander 0 0
Other 3 2
Total 18 17
Enrollment by Ethnicity
Not Answered
American Indian or Alaskan
ASiaN | —
Black or African American
Hispanic/Latina
Native Hawaiian or Pacific..
White (Non-Hispanic)
Other
0 5 10 15

Fig. 1. The First Camp Enrollment by Ethnicity

The detailed camp schedule is listed in Table III. Students
started to check in around 8:45 am to 9:00 am each day. From
9:00 am to noon, students worked on the SparkFun Inventor’s
Kit projects. From noon to 1:00 pm, students ate lunch at the
campus’s dining hall. From 1:00 pm to 4:00 pm, students
worked on Mission to Mars, Scratch, and Java projects. Students
started to check out at 4:00 pm each day. To create a good
classroom environment by getting students to work together in
groups and respect each other, we also organized team-building
activities at the campus’s recreation center. On the last day of
camp, students presented their projects and inventions to a panel
of judges and peers and attended the award ceremony.

TABLE II. THE SECOND CAMP PARTICIPANT DIVERSITY

American Indian or Alaska Native 0 0
Asian 5 2
Black or African American 7 5

Hispanic, Latino, or Spanish 3 6

Native Hawaiian or Pacific Islander

Other

Total

16 14

Not Answered
American Indian or Alaskan
Asian

Enrollment by Ethnicity

Black or African American

Hispanic/Latina

Native Hawaiian or Pacific..
White (Non-Hispanic)
Other

5 10

Fig. 2. The Second Camp Enrollment by Ethnicity

TABLE III. CAMP SCHEDULE
8:50 AM Check-In
9:00 AM - 12:00 PM SparkFun
12:00 PM - 1:00 PM Lunch
. . Maker Space
1:00 PM - 4:00 PM Scratch Software
4:00 PM Student Dismissal
8:50 AM Check-In
9:00 AM - 12:00 PM SparkFun
12:00 PM - 1:00 PM Lunch
Maker Space

1:00 PM —4:00 PM

Scratch Software

4:00 PM Student Dismissal
8:50 AM Check-In
9:00 AM - 11:00 PM SparkFun
11:00 AM - 12:00 PM Team Building Activity
12:00 PM - 1:00 PM Lunch
1:00 PM - 4:00 PM Java Programming
4:00 PM Student Dismissal
8:50 AM Check-In
9:00 AM - 11:00 AM SparkFun

11:00 AM - 12:00 PM

Campus Tour

12:00 PM - 1:00 PM

Lunch

1:00 PM - 4:00 PM

Java Programming

4:00 PM Student Dismissal

8:50 AM Check-In
9:00 AM — 12:00 PM SparkFun
12:00 PM - 1:00 PM Lunch

1:00 PM - 4:00 PM

Student Presentation
Pre/Post Evaluations
Award Ceremony

4:00 PM

Student Dismissal




IV. CORE CURRICULUM INSTRUCTION

The study of electronic engineering and computing includes
the principles, hardware and software designs, and
implementation. Learning engineering and computing fosters
curiosity and imagination [2]. It provides opportunities to think
critically, solve problems, take risks, make mistakes, learn from
them, and help others to do the same [2].

We have accomplished the following activities which
benefitted our camp participants:

=  SparkFun Inventor’s Kit Projects

=  Java Programming Projects

= The Mission to Mars Design Challenge Project
= Scratch Programming Project

= Maker Empire 3D Design Project

=  Team Building Activities

= Campus Tour

=  Student Presentation

We utilized the SparkFun Inventor’s Kits to teach students
programming and engineering design techniques. The SparkFun
Inventor’s Kit is a creative hands-on learning tool for students
to develop fundamental skills to explore the world of electronics
and programming. SparkFun products provide a powerful and
in-depth engineering design experience and programming
experience for our students.

The Mission to Mars Design Challenge Activity utilized
Makers Empire 3D Design Software and Scratch software. This
activity allowed students to explore and determine the specific
needs of a mission to Mars while challenging them to
brainstorm, design, and create an invention or tool. This activity
encouraged students to practice and hone not only design and
technological skills but also team cooperation and presentation
skills.

Scratch is a programming language developed to help
students between the ages of 8 and 16 to learn skills by
developing computer programs. By using code blocks in place
of complex program text statements, Scratch significantly
simplifies application development while still making use of the
same basic programming logic and concepts implemented in
other programming languages. Students can only snap-together
blocks in ways that make syntactic sense, thus eliminating
syntax errors that proliferate in other programming languages.
Despite its use of graphical code blocks, Scratch supports the
same basic set of programming techniques and constructs as
other traditional programming languages.

We also introduce Java programming. Java is one of the
long-standing high-level programming languages in the world.
We hope to hone students’ Java skills with console application
and programming challenges.

We also organized several team-building activities and a
campus tour for our camp participants. For example, we taught
students graphic design for Mission to Mars project and have
students craft something creative. We hold a competition to see
which group of designers was the best. The judges evaluated the
design and awarded the winner with First Place certificate. We
called this Designer Competition team-building activities.

A. Curriculum Content for the SparkFun Inventor’s Kit

The SparkFun Inventor’s Kits provide students the
opportunity to learn from hands-on experiences. Having two
students as one group working on each SparkFun Inventor’s Kit
was very successful. Pair programming is one of our best
practices. Table IV lists all hands-on SparkFun projects that we
taught for both camps.

TABLE IV. SPARKFUN PROJECTS

Setup the SparkFun Inventor Kits

Circuit 1A: Blinking an LED

Circuit 1A: Changing Code

Circuit 1B: Potentiometer

Circuit 1B: Changing Code

Circuit 1C: Reading a Photoresistor

Circuit 1C: Changing Code

Circuit 1D: RGB Night-Light

Circuit 1D: Changing Code

Circuit 2A: Buzzer

Circuit 2A: Changing Code

Circuit 2B: Digital Trumpet

Circuit 2B: Changing Code

Circuit 2C: “Simon Says” Game

Circuit 2C: Changing Code

Circuit 3A: Servo Motor

Circuit 3A: Changing Code

Circuit 3B: Distance Sensor

Circuit 3B: Changing Code

Circuit 3C: Motion Alarm

Circuit 3C: Changing Code

Circuit 4A: LCD “Hello, World!”

Circuit 4A: Changing Code

Circuit 4B: Temperature Sensor

Circuit 4B: Changing Code

Circuit 4C: DIY “Who am I?” Game

Circuit 4C: Changing Code

Circuit SA: Motor Basics

Circuit 5A: Changing Code

Circuit 5B: Remote-Controlled Robot

Circuit 5B: Changing Code

Circuit 5C: Autonomous Robot

Circuit 5C: Changing Code

Final Project




Figure 3 shows the completed SparkFun board by our
students for Circuit 2C: “Simon Says” Game project. The
program controlled LEDs to flash a pattern, which the plays
must remember and repeat using four buttons. This simple
electronic game has been a classic since late 1970. Figure 4
shows a screenshot of the program used for this project. The
students needed to follow the circuit diagram and hookup table
to connect all the hardware successfully, i.e., four LEDs, one
potentiometer, one piezo buzzer, 16 jumper wires, and four push
buttons on the breadboard. We taught the students the concepts
of if-else statements, loops, and arrays in this project.

Fig. 3. SparkFun Board for Circuit 2C: Simon Says Game

//CHECK WHLICH BUI'TON 1S PRESSED

int buttonCheck () [

heck if any buttons are being pressed
d(button[0]) == Low) {

d(button[1]) == LOW) {

d(button([2]) == T.o0wW) {

cad (button[3]) == Low) {

//this will be the value for no button being pressed

TART SEQUENCE
startSequence() {

//make sure the random numbers are really random

the buttonSequence array with random numbers from 0 to 3
for (int i = 0; i <= roundsTowin; i++) {

buttonSequence[i] = round (randem(0, 4));

of the TEDs when the game starts
;i <=3; 4] |

ne (buzzerPin, tonesfil, 200); //play one of the 4 tones

for a moment

te(led(3],
delay(100); //wait for a moment

} //this will repeat 4 times
1

Fig. 4. Code Snippet from Circuit 2C: Simon Says Game

B. Curriculum Content for Mission to March project

The Mission to Mars activity aimed to provide a best practice
model for technology integration into a STEM classroom
activity. The activity allowed students to authentically interact
and utilize instructional technology tools to complete a
synthesis-based task. This activity demonstrated how STEM
activities can be structured so that students lead their learning
and success while instructors serve as facilitators and helpers.
Table V shows the Mission to Mars curriculum plan, student
learning objectives, and the skills related to each core curriculum
subject. In addition to creating a 3D-designed prototype of their
invention, students had to present their invention to a panel of
judges and peers with the intent to sell their design.

TABLE V. MISSION TO MARS CURRICULUM PLAN
Core
Curriculum 2st C.entury Learning Objectives
. Skills
Subjects
Physics Reflection Studer{ts will learn about
R o SpaceX’s successful Falcon
Engineering Communication
. o Heavy rocket launch as well as
Mathematics Critical L
o current challenges facing its
Technology Thinking
! team, as they seek to become the
Communication Research o
first manned mission to Mars.
Reflection
Physics Communication
En ir}ll rin Critical Students will have the chance to
gnecring Thinking Group | invent and create their invention,
Mathematics Lo
Participation tool, or other product to be used
Technology . -
Lo Research during the mission to Mars.
Communication
Problem
Solving
Mathematics Cr.ltlc.al Students will learn foundational
Thinking A
Technology Problem skills in the Scratch
Communication Solving programming language.
Engineering Critical Students will learn foundational
Mathematics Thinking skills in using the Makers
Technology Problem Empire Create Tools (Shaper
Communication Solving and Blocker).
Reﬂec?lon. Students will use presentation
Communication .
L skills to develop and present a
Communication Group . .
L group presentation of their Mars
Participation .
. Invention.
Presentation

Fig. 5. Students’ Invention for Mission to Mars Project




Makers Empire 3D Design can help students learn to
collaborate, think critically about complex problems, design
creative solutions to the challenges presented, and share their
knowledge with the other community of learners. Using Makers
Empire 3D Design software gave the student the ability to
manifest their understanding visually in virtual form. Figure 5
shows one student’s invention for the Mission to Mars project.

C. Curriculum Content for Scratch

Scratch is a free coding language online community that
engages millions of children in creating and sharing interactive
stories, animations, and games. We covered the basic concepts
of Scratch, including variables, conditional and iterative logic,
event-driven programming, manipulation of graphics, and the
integration of sound into application projects. Figure 6 displays
the snippet of the Scratch code that our students implemented.
The project we selected for both camps was to design a project
related to 'Mission to Mars'. This project was connected to the
same project in the summer camps but from the perspective of
building a space station on Mars. Our students were exposed to
a program called "Safe landing on Mars”, which was a Scratch
program to simulate a safe landing, including simulating the
animation for opening the parachute, reducing speed, and
lowering the main module with the land rover on the surface of
Mars.

Fig. 6. Scratch Programming Snippet

D. Curriculum Content for Java

Java is one of the most popular programming languages in
the world. After students completed Maker Empire and Scratch
Projects, we then taught them Java programming. The topic we
covered included:

e Console output
e  Variables

e Data types

e Console input

e If-else statement

By the end of the camps, students improved their skills in
Java and gained a better understanding of high-level
programming languages. Additionally, students gained a head
start in the AP Computer Science class.

V. PROGRAM ASSESSMENT

A pre-post evaluation survey was utilized towards
participants’ pre-post knowledge and interests acquired for all

objectives. The pre-post evaluation survey consisted of a Likert
five-point scale of knowledge acquired where “1” is the lowest
score and “5” is the highest score. Table VI lists the pre/post
survey questionnaires.

The average rating for each intervention method was based
on the net gain value: where 1.00-1.24 Meets Standard, 1.25-
1.49 are good; 1.50-1.74 are Excellent, and 1.75 and above are
Outstanding. The formula for net gain value is the difference
between the post knowledge and interest score and the pre-
knowledge and interest score. Table VII displays the assessment
result. Survey results reflected that intervention activities such
as Educational Presentations, Hands-on Activities, Student
Research Teams, and Student Engineering and Computing
Career Interest rated outstanding. There was also the opportunity
for students to make comments related to the overall camp
activities and experiences, which resulted in all positive
comments. Table VIII shows the open questions’ responses.

TABLE VL

PRE/POST SURVEY QUESTIONNAIRES

Knowledge of Before 1 2 3 4 5
Makers Empire After | 1 2 3 4 s
Knowledge of 3D Before ! 2 3 4 3
Model Design After | 1 2 3 4 5
Knowledge of Before 1 2 3 4 5
Presentation Skills Afier 1 2 3 4 5
Knowledge of Before | 1 2 3 4 s
Designing the

SparkFun

Inventor’s Kit After ! 2 3 4 3
Knowledge of Before | 1 2 3 4 s
Programming with

SparkFun

Inventor’s Kit After 1 2 3 4 3
Knowledge of Before 1 2 3 4 5
Scratch

Programming After 1 2 3 4 5
Knowledge of Java Before ! 2 3 4 3
Programming Afeer | 1 2 3 4 s
Interest in Before 1 2 3 4 5
Computing After | 1 2 3 4 5
Confidence Level

of Your Ability to Before | 1 2 3 400
Succeed in After | 1 2 3 4 s
Computing

Interest in Before 1 2 3 4 5
Engincering After | 1 2 3 4 s
Confidence Level

of Your Ability to Before ! 2 3 4 3




Succeed in After | 1 2 3 4 5
Engineering

Interest in Preparing | Before 1 2 3 4 5
for a Computing or

Engineering Career After 1 2 3 4 5

Would you recommend this camp to a

friend? Yes No

What suggestions do you have for improving the camp?

What did you like most about the camp?

Please comment about your experience of learning new
/programming/Engineering skills.

Please write any other comments you may have.

Inventing a mars object and learning about SparkFun

1 liked the SparkFun because it gave me an opportunity to experiment
with code.

I liked learning how to code.

food and programing

the makers empire

Learning New stuff and being able to make my own invention

Coding with my friends.

the Counselors

Being able to do the spark fun projects.

TABLE VIL PROGRAM ASSESSMENT RESULTS

I liked working with the inventor's kit and Makers Empire as a group

Knowledge of Makers Empire 2.89 The Spark fun kit
Knowledge of 3D Model Design 171 I enjoyed meeting new people and getting to connect with them via the
. groups.
Knowledge of P tation Skill 1.06
owledge o resven ? 1011' ills . the SparkFun kit
Knowledge of Designing with SparkFun Kit 2.74
Knowledge of Programming with SparkFun Kit 231 If you need help, they have no problem helping you and its fun
Knowledge of Scratch Programming 1.77 Meeting new people.
Knowledge of Java Programming 1.59
- - I got to meet new people.
Interest in Computing 1.14
Confidence In Your Ability to Succeed in 1.29 Everything.
Computing ) . . . .
Interest in Engineering 149 Working with the coding projects.
Confidence in Your Ability to Succeed in L17 the spark fun inventors kit and the food at lunch
Engineering ) ) ;
Interest in Preparing for a Computing or 26 It has a great staff and nice environment.
Engineering Career )

The lowest gain was in three categories: “Knowledge of
Presentation Skills”, “Interest in Computing”, and “Confidence
in Your Ability to Succeed in Engineering”. Despite that, the
gain was higher than 1.00, hence it met the standard. All the
other questions obtained a “good”, “excellent”, or “outstanding”
gain.

TABLE VIII.  OPEN QUESTIONS’ RESPONSES

I have no suggestions the camp is perfect.

Nothing it's fine the way it is

A little bit more effort in time management

More time in the camp!

maybe have more than two classes each day

Nothing the camp is perfect the way it is

i think you guys did a nice job

Honestly, I think they did an amazing job with the camp, and the
program itself.

Present the spark fun robots to the rest to the campers

There are no suggestions for improving this camp. It's great.

The lunch and the Classes

Lunch and making some new friends

The SparkFun kit.

What I liked most about camp was the building things with the
inventor's kit.

Being able to get hand's on with the activity that they had prepared for
us.

I liked the programming the wires into the inventors kit the most.

the second part of the day where we played around with the spark fun
kit. I liked messing around with the code, just to see what happened.

The most I liked about this camp is that I liked how detail and helpful
they can be whenever a student needs help even if they don't.

My experience was good because I learned more about the Arduino
coding language.

it was interesting and cool

They taught it very well and broke it down so I could understand.

I learned how to make a cartoon move.

I learned how to create a Scratch program and how to use in more.

it was very eye-opening

It was great to learn about some people that are going to the same
school as me

I love it, at the beginning I thought I was not going to like it but I will
be back next year for sure

I learned many new things about coding, programming, and computer
science skills.




I learned that I am not a big fan of computer science but I have learned
a lot, I just don't know how to put it in words.

it was fun and entertaining

My experience about coding/programming and computer science skills
are average.

I guess learning those types of skills will come in handy and kind of
fun.

the overall experience was fun learning something new that I never
learned before

I learned tons of new things that I never even thought about.

The experience was great I would come back next year if | have a
chance

At first, I was confused and struggling and now, I'm still confused and
struggling but I getting better

Before attending this camp, I honestly had no idea how to do coding, or
any sorts or computer science, but after attending, I now know how to
do all sorts of things, hopefully I'll get to use them in the future, but I
doubt it, since this has nothing to do with my career path.

It was really interesting, and fun learning about coding, programming,
and computer science skills that I didn't know before.

I enjoyed being able to program on scratch and get hands with the robot.
being able to make it move without touching the mouse or the keyboard
was really cool

I learned in this past week, but what took my interest the most was the
coding/programming class.

Based on the assessment results, we also observed that
learning high a level programming language such as JAVA
without any previous programming experience is challenging
for middle school and high school students. However, hands-on
projects utilizing SparkFun Inventor Kits are highly engaging.
We conclude that our summer camps were effective in meeting
the standards and beyond.

Based on our experience as the designers of the camp, there
are areas that need improving. Based on participants’ feedback,
instructional methods and basic structure will remain the same
for future academies with robotics and programming as the
content. However, the participants commented that the camps
were too short. The possibility of extending the camps to two
weeks or longer to introduce more content will be explored for
future summer camps.

VI.  CONCLUSION AND FUTURE WORKS

Based on the feedback and assessment results from
participants, our program succeeded in its goal to open doors for
middle school and high school students in the world of
engineering and computing. We plan to organize similar
summer camps in the future. Our program can be transferred to
other institutions with varying resources available. Here are the
suggestions for those who plan to scale such programs at their
institutions. There are several educational robotics available on
the market, such as LEGO Robotics and Raspberry Pi. You can
choose the one that fit your budget. You can also add other
content to enrich your program, such as 3D printing and
Cybersecurity. Learning a high-level programming language is
very changeling for middle school students without any
programming experience. Starting with Scratch, then transits to
Java, could help.
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