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Executive Summary

As the transportation industry faces shortages in its workforce, it is becoming
increasingly important to be able to attract new employees. This project aimed to increase
awareness and interest in transportation careers in local youth through outreach events. Previous
literature has suggested that two different methods of outreach have proved successful for this
exposure: working directly with students and training teachers. This project worked directly with
students by conducting outreach events that involved either hosting a table at a large science
event where students would stop for various periods of time to complete activities or working
with a group of students for a designated amount of time (typically longer than that at the tabling
events) for consecutive days. Hands-on activities such as toothpick and gumdrop bridges,
clothespin cars, and wind-up cars were explored, as well as demonstrations involving gears, a
gyroscope, or a pull-back rubber band car. The activities that were available at each event were
chosen on the basis of the duration of the time researchers would have with each student and the
number of students expected to be present. Elementary and middle school students both
responded better to hands-on activities than to demonstrations, as they were more engaged with
and focused on the activity at hand. Younger students took more interest in activities with
continuous guidance from the researchers, whereas older students were more invested if they
were able to complete the activity with minimal, or no, guidance. Older students also liked to be
given an incentive, such as an activity with a competition aspect. A drawback of the outreach
events was that few middle or high school students were present. In future research, one might
consider exploring the influence of self-efficacy on students’ performance, how gender affects
the before-and-after scores on a learning check of the STEM outreach content, and how holding

outreach events aimed at teachers rather than students might influence the results.
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Chapter 1: Introduction

As the world becomes faster paced and more technology-driven, it is becoming
increasingly important for children to gain a better understanding of science from a young age
(Tillinghast and Mansouri, 2016; Kesidou and Koppal, 2004; Curtis, 2017). This is especially
relevant in the transportation industry. As the industry faces workforce shortages, the need to
foster an understanding of transportation in young children to encourage them to join the
industry has become critical. Most textbooks do not sufficiently teach science, technology,
engineering and math (STEM) information or grow students’ passion for STEM (Kesidou and
Koppal, 2004).

Outreach events may be a good way to provide this early exposure. By participating in
outreach events, students are able to see that a career as a scientist is attainable, interesting, and
not as out of reach as they may feel before the event (Muller et al., 2013). Researchers are
attempting to tackle this issue in two ways. The first involves outreach events with direct
exposure of engineering material to elementary, middle, and high school students. The other
involves more extensive training for teachers so they can more effectively emphasize the
significance of math and science in the classroom. Both approaches focus on hands-on learning.
With the vast array of different outreach possibilities, this project sought to design hands-on
outreach events that focused on multimodal transportation, would motivate local children to
become further interested in STEM and consider a career in engineering, and would allow the

researchers to determine the most effective method of outreach to accomplish their goal.



Chapter 2: Literature Review

Many studies have reached the conclusion that students learn best via active learning
(Thomas, 2012; Ward, et al., 2015; Worcester et al., 2013; Zhou, et al., 2017). Students tend to
lose interest and do not engage themselves in passive learning (Zhou et al., 2017). Examples of
passive learning include presentations, demonstrations, and lectures. These methods can be
turned into active learning by interacting with students more by asking questions or encouraging
them to take part in the demonstration. Hands-on and game-like activities have been shown to be
successful at both engaging students and teaching them (Liao, et al., 2010). Liao’s study
incorporated an interactive, web-based traffic control simulation game at a high school summer
camp (2010). The students reported feeling excitement about the game and more awareness of
traffic engineering issues (Liao et al., 2010). A project called Adventure Engineering utilized
adventure scenarios in which students had to learn specific mathematical or scientific skills to
navigate their way through the adventure (Mooney and Laubach, 2002). Mooney and Laubach’s
research showed that not only did the students learn the material better than the control groups in
a normal classroom setting, but they also had significantly more interest in learning via this
method (2002).

Showing students examples of individuals who work in various STEM careers or college
students studying science has been found to help students picture themselves in a STEM
profession (Levine, et al., 2015). Students who have family members in a STEM career are more
likely to pursue a career in a STEM field (Zhou et al., 2017). This may be because the students
have the opportunity to see that a scientist has the appearance of a typical person and doesn’t
always fit the stereotypical appearance of a man with white hair in a lab coat. Moskal et al.

studied a program that incorporated graduate students working with students (2007). As a result,



the students had graduate students and faculty to look up to as scientists who were real and
differed from the stereotypical appearance (Moskal et al., 2007). When students are exposed to a
variety of different scientists, they may feel that a career in STEM is within reach, allowing them
to picture themselves in the role as they see similarities between themselves and real scientists.
Outreach events targeting teachers rather than students have also provdn to be effective
(Moskal et al., 2017; Sewry, et al., 2014). The Colorado School of Mines notably held outreach
events that focused on improving teachers’ knowledge of the subject(s) that they taught so that
they not only could relay better information to the students but could also be more prepared to
create hands-on activities and real-world examples that would help kids learn more effectively
and efficiently (Moskal et al., 2007). This had a great impact on not only the students but also the
faculty and graduate students, as explained by Moskal (2007). Moskal’s study reported that this
project greatly increased students’ understanding of math and science and their interest in
learning because of the teachers’ new abilities to make the activities more hands-on and provide
real-world examples of the content (2007). Teachers who attend workshops can increase their
knowledge of their teaching subject and improve their confidence while finding ways to teach

more practical and interesting lessons in which students are more engaged (Sewry et al., 2014).



Chapter 3: Methodology

Outreach events were conducted either by hosting a table at a large science event where
kids could walk around and stop at tables for various amounts of time to complete different
activities or by working with a large group of kids for a two-hour block at a day camp. The
hands-on and interactive activities that were conducted at the table events included toothpick and
gumdrop bridges, clothespin cars, and wind-up cars. For the toothpick and gumdrop bridges,
children were given a diagram of different bridge designs and a surplus of toothpicks and
gumdrops (figure 3.1). The children could then either follow a design on a provided diagram
(figure 3.2) or create a design of their own to build a bridge. The bridge’s strength was then
tested by placing rolls of pennies on the center of the bridge while each end was sitting on a
stack of books. They created clothespin cars by putting a gumdrop on either side of two
toothpicks and placing the toothpicks inside the clothespin at the spring and taped into the clamp
part. They created wind-up cars by pulling a rubber band through a foam cup, through lids (paper
plates were used in this program) on either end of the cup, and then attaching a stick to one end
of the rubber band with the help of a bead and a paperclip to the other end of the rubber band

(figure 3.3).



Figure 3-1: Hands-on bridge building



Figure 3-2: Bridge design handouts




Materials for Wind-up, Ready to Assemble

~

Paper clip Lid

Cup

Rubber band

Wind-up Assembled

e

~

Figure 3-3: Wind-up car instructions

[

\

™S

L~

Lid

Bead

Stick



Demonstrations were also conducted at some of the events, including a gears
demonstration, a pull-back rubber band car (figure 3.4), and a gyroscope. The gears
demonstration consisted of 3D printed gears of different sizes that the kids could twist and see
which fit together best. The kids were instructed to count the rotations of the different gears to
see how gear size influenced the necessary number of rotations. The gyroscope was used to
demonstrate gravity and pique kids’ interest in general, as well as to draw them to the table. The
pull-back rubber band car consisted of a large hollow tube with wheels made of CDs and a
rubber band twisted around a bar connecting the back wheels of the car and attached to another
bar in the center of the car. When the rod attached to the back wheels was twisted, it created
tension in the rubber band and caused the back wheels to spin. This was used to show potential

energy and how friction causes a car to slow down at different rates on different surfaces.

Figure 3-4: Pull-back rubber band car demonstration



The types of activities available at each outreach event were determined by the duration
of time researchers would be able to spend with each student and the number of students
expected to be present. At events where the researchers would sit at a table while students
stopped at each table for short periods of time, quick demonstrations were often paired with more
time-intensive hands-on activities such as gumdrop-toothpick bridge building or wind-up cars.
This provided an engaging learning opportunity both for kids who stopped at the table for less
than a minute and those who stayed at the table for 20 minutes. At events where the researchers
would be working with students for extended periods of time, such as the two-hour blocks,
activities were chosen that could be explained in detail and that would allow kids to be creative,
such as the gumdrop-toothpick bridge building. This activity was well-suited for two-day
consecutive outreach events with the same students because the first day focused on building a
bridge and the second focused on testing the strength of the bridge. This was done by placing
rolls of pennies on the center of the bridge until a toothpick snapped.

Both qualitative and quantitative data were collected at the outreach events. Quantitative
data included attendance counts. The number of kids who stopped at the researchers’ table at the
tabling events was totaled at each event. Qualitative data included how invested the kids seemed
in the activities, whether they moved on to another table before completing the activity, and
whether they were focused on the demonstrations. These data were analyzed as a whole to
determine which activities seemed to be the most effective at engaging the students. Table 3.1

summarizes the outreach events attendance and activities.



Table 3.1: Outreach events attendance and activities

Location of Event Type of Event Attendance Ages Targeted Activities

Franklin Elementary Tabling event 40* Elementary Wind-Up cars

School STEAM Night

Garfield-Palouse Family Tabling event 80* Elementary and few | Physics gyroscope,

STEAM Night middle pull-back rubber
band car, gears
demonstration

Saint John STEAM Night | Tabling event 200* Elementary Wind-up car, gears
demo, alternative
fuels display,
balloon car

Franklin Elementary Tabling event 80 Elementary Gumdrop-toothpick

Science Fair bridges, win-up
cars, gumdrop cars

9% Annual Nez Perce Tabling event 240%* Middle School Wind-up cars,

Tribe STEM Fair alternate fuels
display, balloon
cars, steam powered
boat

Kids Science and Tabling Event 230%* Elementary and Gumdrop-toothpick

Engineering Day some middle bridges, wind-up
cars

Moscow Adventure Club, | 2-hour blocks with kids | 47 on day 1 Elementary Gumdrop-toothpick

McDonald Elementary for 2 consecutive days 59 on day 2 bridges, clothespin-
gumdrop cars

YMCA of the Palouse, 2-hour blocks with kids | 28 Elementary Gumdrop-toothpick

Sunnyside Elementary

for 2 consecutive days

bridges, clothespin-
gumdrop cars

*estimated value
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Chapter 4: Results and Discussion

Overall, the elementary students actively participated in the hands-on activities but lost
interest in the demonstrations at tabling events. The younger kids thrived with the assistance and
constant guidance of the researchers. When bridges were made, for example, the younger kids
found more success and seemed to enjoy the activity more if a researcher walked them through
the process of building the bridge step by step and gave them a bridge design to follow (figure
3.2). When presented with demonstrations such as the gyroscope or gears, elementary-level
students watched and asked questions at first but then quickly stopped watching or moved onto
another table. This supports the findings of Thomas (2012), Ward et al. (2015), Worcester et al.
(2013), and Zhou et al. (2017), who all noted that active learning was the most engaging and
interesting for students.

During the outreach events, only a small number of middle and high school students were
present. Not many attended the STEM events, as the events were mainly aimed at elementary
students. The middle school students did not respond well to demonstrations. When observing
demonstrations, they were easily distracted and not engaged. They would often quickly move on
to the next table if only a demonstration was occurring. This observation supports the research
conducted by Reisslein et al. (2013). Reisslein found that elementary students were more
engaged in an activity that they provided to both elementary and high school students (2013).
Our observations suggest that this finding is true for elementary and middle school aged students
as well. The events in both our study and Reisslein et al.’s were tailored to be understandable by
elementary students, so the level of complexity of the demonstrations may have been part of
what caused older students to be less engaged. The bridge-building activity proved to be

engaging for middle school students. This activity encouraged students to stay at the researchers’

12



table much longer, which allowed the researchers to explain more of the science behind bridge
building to the kids. The older students seemed to enjoy the activity as long as they had the
freedom to be creative with the bridge design. If older students were asked to follow a specific
bridge design, they either built it very quickly and showed a lack of interest or built something
that was either a completely different design or not a bridge (such as a building).

We noticed that the older students were significantly more interested in completing the
activity if an incentive was added, such as testing the amount of weight the bridge could hold. A
scoreboard was created that ranked the strongest bridges, and this encouraged kids to put more
effort into their design; some even made a second bridge after learning the weaknesses in the
design of their first bridge. Zhou et al. (2017) found a similar pattern, as they reported that high
school students were the most committed to an activity when a competition aspect was involved.
The mind sets of the kids were also noted, as a bad attitude seemed to pair with a poorly built
bridge. When kids asked a plethora of questions and was engaged in the activity, their bridge
turned out to be far superior.

The block sessions that consisted of working with the same, or nearly same, group of kids
for two hours on two consecutive days seemed to foster an environment in which the students
felt more comfortable asking questions. This could have been due to the students seeing the
researchers as normal people through increased interaction with them, rather than as intimidating
scientists. Being able to relate to the researchers may have helped the kids picture themselves as
scientists, as studies suggested, but data were not collected on this question in this outreach
project (Levine et al., 2015). We interacted with fewer kids during the block sessions than at the

tabling events, but the quality of the interactions improved, as the researchers were able to walk

13



the kids through the procedures and explain the science behind the topics, such as the gumdrop-
toothpick bridges, more thoroughly.

The results suggest that the most effective method of outreach of at tabling events is
hands-on. This approach proved to be more engaging than demonstrations for both elementary

and middle school students.
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Chapter 5: Conclusion and Recommendation

One drawback of this project was that not many middle and high school students attended
the STEM events where outreach efforts were conducted, so that most of the researchers’
observations were focused on younger kids. This may be because at a certain age, parents stop
pushing STEM on kids and taking them to exposure events. This raises the question of whether
events that occur outside of normal school hours are realistic for reaching older students. As
Mooney and Laubach (2002) discussed, any sort of extracurricular activity will only reach
students who are already interested in engineering or STEM enough to attend the event, while
leaving behind students at whom the event is truly aimed .

A contest format with a prize, introduced into the mandatory classroom setting, may
increase kids’ interest as an award for doing well may incentivize them to be innovative and
creative, potentially increasing self-efficacy and students’ performance. Self-efficacy could be
analyzed by giving a before-and-after survey to determine how the contest influenced the
students’ engagement or success. It would be interesting to see how much time a child who did
not believe s/he could successfully win the contest contributed to the project in comparison to
someone who strongly believed that s/he could succeed. It is possible that kids’ self-efficacy
scores might improve from the pre-test to post-test because of an increase in their confidence in
their skills during the outreach event (Demetry et al., 2009; Fraze, et al., 2011).

Gender could also be analyzed, as significantly more men currently work in the STEM
fields than women; Miyake et al. (2010) proposed that this is due to the identity threat women
feel when surrounded by men in STEM classes and environments. Research has found that
outreach events are more often the first exposure that girls and those of minority groups have to

STEM than for boys and those of the ethnic majority (Ivey, et al., 2012). Because boys are more
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confident in their STEM skills, they may be expected to have higher self-efficacy scores before
an outreach event than girls (Reuben et al., 2014). Depending on how well girls perform, the
self-efficacy scores of both the boys and girls might change drastically after an outreach event, as
the boys’ self-efficacy scores could change in an inverse relationship to those of the girls if they
began to feel inferior to the girls. The self-efficacy and gender relationship could even extend
past elementary, middle, and high school years into the undergraduate college setting as they
search for careers, showing that this is a topic that needs to be analyzed and addressed (Gnilka
and Novakovik, 2017). By gaining a better understanding of self-efficacy and its relationship to
gender, outreach events could become tailored to foster a growth mind set in both genders, as
well as teaching kids about engineering and increasing interest in STEM.

All of the events that were conducted by the researchers were directed toward students.
An outreach event could be held in which teachers were the ones being trained, but this would
require a long-term commitment to check in on the classroom over time, rather than just the one-
hour blocks that the researchers utilized. The self-efficacy and confidence of students’ abilities
within the targeted teachers’ classrooms could also be analyzed, as that could potentially
influence how well they were able to administer the material and how they interacted with the
students.

Overall, the students responded best to incentives and having the option to be creative in
their learning while also knowing that support was available if they wanted it. Learning from
their mistakes proved to be more effective than being guided by an instructor. The next step will
be to find the best way to incentivize the students while creating a space where they feel safe to

learn.
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