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GIFTS: Engaging First-Generation, Low-income (FGLI) Students in
Engineering through Inquiry-based, Hands-on Activities

Motivation

Through this Great Ideas for Teaching (and Talking with) Students (GIFTS) paper we share an
inquiry-based, hands-on approach to introducing and engaging incoming first-generation, low-
income (FGLI) students in engineering. Data collected over the past 10+ years indicate that
students, a disproportionate number of whom are from FGLI backgrounds, leave engineering in
their first year of college, often after taking a mathematics course and before ever taking an
engineering course [1], [2]. We hope to reverse this trend by introducing engineering to
incoming FGLI students during the summer before they start college.

Background

For the past 5 years, we have been working with 80-90 FGLI students through a 2-week long
summer program aimed at helping them transition to college by building a cohort, developing a
support network, sampling academic classes, determining where to go for help, and exploring
different possible majors. FGLI students from the incoming class are invited to participate in the
program, with ~75% of those who were invited to participate joining the summer program.
Participants received a stipend to participate.

Two years ago, we revamped the curriculum to incorporate more mathematical concepts; while
our intentions were good, the outcomes were mixed to negative [3]. Students found the concepts
too abstract and uninteresting [3]. So, we again revised the curriculum this past summer, making
it inquiry-based and hands-on, with marble runs as the focus (who doesn’t love a marble run?).

Objectives

The emphasis in the summer program was on engineering inquiry-based problem-solving and
hands-on activities rather than on mathematical derivations and theory. Research conducted by
Felder and Prince [4] indicates that inductive (or inquiry-based) approaches can be much more
effective at helping students learn than the traditional deductive approaches favored in
engineering. Thus, rather than starting by presenting theories (deductive), inductive (or inquiry-
based) teaching starts with a problem, data, or a case to solve, thus engaging and motivating
students [5]. Rolston and Cox [6] found that hands-on learning helped to recruit and retain FGLI
students.

In an effort to make the material engaging to students from a wide range of backgrounds and
interests (not all are planning to major in STEM), we used marble runs as a thread throughout the
program. Through the program students:

1. Used mathematics to solve engineering and physics related ramp problems, including loops;
2. Built a laser-cut wooden marble machine, with a spiral ramp;

3. Used breadboards to create an electric circuit to power a marble machine;

4. Reflected on their own learning.

Longer-term goals that we are tracking for the STEM portion of the summer program are to
increase retention and self-efficacy in STEM among FGLI students.



Implementation

We introduced derivatives and trigonometry as well as physics principles using ramps and an
inquiry-based approach. Students worked in small groups to answer questions, test different
ramps, build magnetic marble runs, build laser-cut wooden marble machines, and create
breadboarded circuits to power their marble machines. During the two weeks of the program we
met with students 3 days a week for 2 hours per session for a total of six sessions. Lecture slides
for all of the sessions are available here: 1-Position, Velocity, & Acceleration; 2-Rollercoaster
Math & Physics; 3-Marble Run Challenge; 4-Electricity & Breadboarding; 5-Marble Machine
Assembly; and 6-STEM@Dartmouth.

Rather than starting with mathematical concepts as we had in the previous year, Session 1 -
Ramps and Motion started with students experimenting with straight ramps. Teams of students
were able to adjust the height of the ramps and experiment with balls of different sizes and
weights. While this is a pretty standard physics experiment, we used it as a way to introduce
mathematical concepts as well, specifically derivatives by relating speed, velocity, and
acceleration. We brought in engineering by discussing why engineers might want to design
certain types of ramps (fast roller coasters, for example). Students were also introduced to
Vernier Video Analysis tools to analyze
videos of balls on the ramps. Vernier
Video Analysis is used in physics courses
on campus so we hope that by introducing
the software we give students some
confidence when they take physics
courses. We created a series of videos of
balls on ramps of different heights to use
for the video analysis rather than having
teams create their own videos to save time
and make sure the videos were fairly clear. - O ¢ ooorom
Figure 1 shows one of the videos of a ball
on a ramp.

Figure 1. Ramp video

Session 2 - Loops focused on derivatives and loops, beginning with small teams experimenting
with MagTrax magnetic marble run components by constructing the set-up shown in Figure 2.
Teams were then asked a series of questions: 1) At the very top of the loop, what keeps the
marble from falling down? 2) At
what height (ho) do you need to
release the marble so that it
makes it around the loop? and 3)
How does that height (ho) relate
to the radius (R) of your loop?
After some experimentation and
data collection, we presented
theoretical derivations of motion
and loops. Students were then
able to calculate the theoretical values for loop radius (R) and height (ho) and compare these
theoretical values with their experimental results.

R=1/2d

Figure 2. Magtrax loop


https://docs.google.com/presentation/d/1wI_Zq4tCiTwKQu2Rrb5_KYq2zf3KLNhJ7zFj7CIOrFQ/edit?usp=sharing
https://docs.google.com/presentation/d/126k8rgXKxojOlnYNIFyrOgvCGPwhYsgCxAzDiyKPnlE/edit?usp=sharing
https://docs.google.com/presentation/d/126k8rgXKxojOlnYNIFyrOgvCGPwhYsgCxAzDiyKPnlE/edit?usp=sharing
https://docs.google.com/presentation/d/16-SSTTo6_JIux1qR6D3gzLm9VBnh63obr4p1-VvKb_w/edit?usp=sharing
https://docs.google.com/presentation/d/1K-X9wGTjQA2Ap1pWYpvsmoufF-HxXKMdwhxhlTBgv4Y/edit?usp=sharing
https://docs.google.com/presentation/d/1FrSCfdyyvkzAVMjcDbPjpKSNJinsoHDf8oDU4PB-Mdc/edit?usp=sharing
https://docs.google.com/presentation/d/1FrSCfdyyvkzAVMjcDbPjpKSNJinsoHDf8oDU4PB-Mdc/edit?usp=sharing
https://docs.google.com/presentation/d/1pd2y-PoC1VANFjWhulDlTmLCSnO1Nw743ozurPZ37-E/edit?usp=sharing
https://magtrax.co/

During Session 3 - Marble Runs students
were given full sets of MagTrax components ',’ '
and challenged to build marble runs in small
teams: marble runs that were the fastest,
longest, craziest, ones that used the most
components, included a loop, a jump, etc.
Students were also challenged to
mathematically predict the time it would take
to complete the marble run. Engagement was
high in this activity as shown in Figure 3.

Figure 3. Magtrax marble run

In Session 4 - Breadboarding students were introduced to electricity and breadboarding and
asked to create a range of circuits from a basic LED/battery circuit to one controlled by a switch
and circuits that included motors. They were again asked a series of questions related to parallel
and series circuits, power vs. energy, etc. and encouraged to answer the questions through
experimentation. In addition, they were asked to theoretically calculate resistor values and
energy/duration of the batteries. The goal was to give students some experience with circuits and
exposure to breadboarding to get them ready to create their own breadboarded circuit to power
their marble machines.

During Session 5 - Marble Machine each student built a
laser-cut marble machine that is powered by batteries and a
motor. We purchased marble machine Kits that we adapted
(we have laser-cut the parts ourselves in the past but it is
time-intensive to do so for 100 students). One of the
adaptations was to add a breadboarded circuit to battery-
power the marble machine. Students first built the circuit
and then built the wooden portions of the marble machine;
an assembled marble machine is shown in Figure 4. While
we’d love to allow customization of the marble machines,
this is challenging given the class size, time constraints,
and students' varied backgrounds and interests.

Figure 4. Assembled Marble Machine

STEM curricula across campus through a
version of the NYT Connections game as
shown in Figure 5. They were then asked to
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Figure 5. Connections game


https://magtrax.co/
https://www.amazon.com/Building-8-12-14-16-Projects-Experiment-Christmas/dp/B08PMH9RB9/ref=sr_1_44?crid=29W6FKNF2KY6I&dib=eyJ2IjoiMSJ9.6_Z_b9tpBbg00Zkr3fM5JtW5vAfBGjcTfx1R0KLSvapy9BIeCbwgfEMNiJ8vdGpvdONWS_3YZJ3kmrOWd94CHtk54HkOccoaijq7Gm2FO5TPbAo9fpkY1ngr5MLcxu_GQ1taiEJorTvc9JHToN7wy6ZD9GLIvX3jLs53yOtywcBEse6nUUAwJpx5F9ymWKDQ_LbVrPYWy6OvrfoilmQ5tVyljE-gVkWYR6yBAjUjpX5QtNqZ_3OtaE6IOzcfW8Er1920UmeNBw8iFcJxMpYp7SO3eIYNwrU6spOyEhb0XJ4.nFOs9dD4J0xKM7cMc8tXKf8CvdxOW1OK8cVFeKjatQU&dib_tag=se&keywords=marble+run+wood&qid=1767970776&sprefix=marble+run+wood%2Caps%2C149&sr=8-44
https://www.nytimes.com/games/connections

Assessment

While students did not receive grades in the summer program, formative assessments were
incorporated to measure learning and the effectiveness of the program. In sessions 1 and 2,
student teams shared the data they collected and the calculations they performed via a class
google sheet. Thus, we could pool the data and at the same time see that each team was getting
reasonable results (and if not, help them to correct their procedure). The marble run challenge
was intended primarily as a fun activity; however, even during this session, students discussed
and reflected on their designs. During the breadboarding activity in session 4, the instructors and
teaching assistants worked with teams and individuals to make sure everyone was able to
complete a range of different circuits and do some experimenting. Session 5 was successful in
that all students were able to build a functional marble machine. Finally, to assess session 6, we
collected the Connections grids that students created.

Pre/post course surveys conducted this past summer show some increase in self-efficacy with
regards to mathematics and engineering, with statistically significant increases in students’ level
of confidence building prototypes, creating circuits, and using breadboards. Students were asked
to rate their level of confidence on a scale from 1 (no confidence) to 7 (full confidence). 62
students responded to the pre-course survey and 43 responded to the post-course survey. For all
ratings, including ‘succeeding in

a math class’ and ‘finding

derivatives’ the rating went up, Using breadboard F

indicating that students felt

somewhat more confident after -

the summer program. The biggest Creating circuits W W post
increases in confidence were seen )

in building prototypes, creating Building prototypes W . pre
circuits, and using breadboards, 7

with pre/post score given in
Figure 5; a t-test run for these
three rating questions showed that
they were statistically significant
(p-values <9x10™).
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Figure 6. Pre/post-course survey confidence ratings

Conclusions and Future Work

While we were happy to see that students’ confidence increased, we’d like to see statistically
significant increases in other, more theoretical areas, as well. To that end, we will continue to try
to improve the program, with the goal of balancing theory and application. We are tracking the
progress and post-program plans of all of the students who participated in the program for a
future study.
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