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In Issue 5 of Principia, | recounted the use of
emerging technologies at large public universities,
most notably ASU. The Dreamscape Learning
Lab, | mentioned, used immersive technology
and storytelling at scale in various STEM fields.
Data shows significant gains in GPA and retention
of STEM majors with the use of these embodied
learning platforms. As will be covered in this issue
of Principia, | had the pleasure of joining a student
and several colleagues for a field trip to Merced
College, where a Dreamscape Learning Lab is
now fully launched. The trip provided all of us,
administrators, staff, and faculty, with the ability
to experience the power (and fun) of immersive
technologies. It is that word, “experience,” that |
will have in heavy rotation over the next few years
as | kick off the Experience Foothill fundraising
campaign.

The kick off of Experience Foothill coincides
nicely with the focus on student projects.
Experience Foothill, likewise, is focused on
raising funds for educational initiatives that
put experiential learning within reach of all our
students. Student projects are one ingredient

of Experiential Learning (EL), but the concept
captures a learning philosophy and theory that
involves students actively participating in direct
experiences and reflection to learn, develop skills,
and connect knowledge to real-world situations.

On my trip to Merced, | had the delight of
sharing the ride with student Hannah Shong.
She has participated in some prized experiential
learning opportunities, like the Research
and Service Leadership Symposium and the
internship program through the Science Learning
Institute. The benefits of Experiential Learning
(EL) are well documented and unfolded in our
conversation. In sum, EL unleashes creativity
and encourages creative problem-solving. EL is
linked to accelerated learning, lasting and well-
developed problem-solving and decision-making
skills. It merges theory and practice, providing
students with opportunities to apply knowledge in
real world scenarios. As it did for Hannah, it guides
students towards their future careers. She notes,
“Without RSLS, | wouldn’t have been given the
opportunity to explore the intersection between
community health, research, and medicine in
Alzheimer’s Disease (AD) that was foundational
in providing career clarity for me as a future MD-
PhD.”

Most colleges have experiential learning
opportunities, but Foothill College has made its
commitment to EL its signature. From Global
Experiential Learning to the Case Competition,
and Possible Self events, | look forward to
exploring ways to better resource and solidly
institutionalize these high impact student success
accelerators.

Dr. Kristina Whalen
President, Foothill College



Emerging technologies such as artificial intelligence
(Al), virtual reality (VR), quantum technologies (QT),
and renewable energy are transforming industries,
with an impact that extends beyond STEM fields.
The intersection of technology with social sciences,
business, and the arts is essential for ethical
development, creative applications, and real-world
implementation. Encouraging students from all
disciplines to engage with technology projects fosters
innovation, critical thinking, and adaptability, which
are skills necessary for shaping the future.

Experiential (hands-on learning) across disciplines
thus becomes a critical component in the development
of interdisciplinary technology projects. While STEM
students may focus on the technical aspects of
technology projects, those in the humanities, social
sciences, and arts bring essential perspectives on
ethics, policy, and user experience. For example, an
Al-driven healthcare project benefits from engineers
building the system, medical students providing
expertise, ethicists ensuring responsible Al use,
and designers creating intuitive interfaces. Similarly,
advancements in virtual reality (VR) rely on writers,
historians, and artists to create immersive experiences.
This interdisciplinary approach enhances problem-
solving and innovation, helping students apply their
knowledge in real-world contexts.

Looking at interdisciplinary projects from the
perspective of career advancement and a competitive
edge, employers increasingly value candidates who
can bridge technology and human-centered insights.
Interdisciplinary project experience makes students
more competitive by showing they can adapt to different
fields and collaborate effectively across departments.
For example, in a project involving blockchain

technologies, developers can work with business
students to explore financial and regulatory impacts,
psychology students who focus on enhancing human-
computer interaction (HCI), and journalism students
developing tools to combat deep-fake misinformation.
Participating in interdisciplinary projects also expands
networking opportunities through conferences,
hackathons, and policy forums, connecting you with a
cross-functional team of peers, as well as professionals
who shape the future of technology.

So what is the real-world impact resulting from
the participation of interdisciplinary subject matter
experts to a technology project? Technology
influences society, culture, and ethics, thus calling
for technical expertise to be integrated with human
creativity and insight in different domains, in order to
have the right outcomes from a technology project,
with short term and long term benefits for all. When
students from different backgrounds work together on
interdisciplinary projects, they help shape technology’s
impact on humanity. Law students can contribute to
Al governance frameworks, public policy students can
help regulate smart cities and data privacy, and artists
and musicians can explore Al-generated art and new
creative expressions. These collaborations ensure that
technological advancements are not only innovative
but also responsible, inclusive, and beneficial to
society. Consider a sociology student working with a
data scientist to create a platform to address social
inequality, a filmmaker using VR to create immersive
historical documentaries, or perhaps a fashion student
collaborating with material scientists to design
sustainable tech-integrated clothing.

Students at Foothill College and De Anza College
have opportunities to participate in exactly these

types of interdisciplinary projects in events such as
the Innovation Challenge, Google Business Case
Competition, and Research and Service Leadership
Symposium. To assist students in achieving their project
goals, we have established the Emerging Technologies
Institute (ETI), providing resources to enable students
to work on such interdisciplinary projects.

In terms of entrepreneurial and creative
opportunities, community colleges can become
entrepreneurial incubators to support interdisciplinary
projects that blend technology, creativity, and social
impact. At Foothill College, in collaboration with De
Anza College, we have also established the “Start-up
Student Club,” focusing on helping students launch

their project ideas. The goal is to enable the emergence
of groundbreaking startups driven by the intersection
of technology and human-centered fields.

Based on the high-level analysis and project
examples provided above, we can conclude that the
most transformative advancements will not come from
STEM projects alone, but from collaboration across
all disciplines. By combining technology with ethics,
policy, design, and creativity, students prepare not
just to adapt to the future but to shape it. The future is
interdisciplinary, and the best way to prepare for it is to
participate on interdisciplinary projects, right here, at
your community college.



The reality of modern science and learning alike is one
that is fundamentally intertwined with technological
advances—a dialogue between VR and learning is no
exception. In Fall 2024, President Whalen of Foothill
College, faculty, and students were provided the
experience to explore Merced College’s Dreamscape
Learning VR technology by their president, Chris Vitelli
and faculty.

This experience between Merced and Foothill,
supported by both presidents, is a testament to the

Dreamscape VR Classroom Experiential (photo by Zach Cembellin)
VR classroom with 40 seats

The VR experience is split into the classroom and pod.
The classroom has 40 seats, each individually equipped
with headphones, a joystick, and VR headset with a
desk and complementary set for the instructor located
at the front of the classroom; this allows the instructor

need for intercollegiate collaboration in effort to
explore different approaches of the learning process.
With the implementation of this VR experience as
a lab component in Merced’s Biology courses,
Merced reports an 18% increase in overall student
performance. With just the tour alone, Juan states, “It
was inspiring because it gave me a glimpse into what a
state-of-the-art VR lab looks like... providing access to
industry-leading technology and educational content.”

Dreamscape VR Classroom Experiential (photo by Zach Cembellin)
Fully immersive VR pod

to be with the students live-time, as they walk through
the modules and labs. Then, the VR pod is a dedicated
space for students to immerse themselves in the world
with the ability to walk and look around through a
trackable physical space.

[Alt-text added: Description of figure]

President Whalen and faculty outfitted with VR gear in preparation for
Dreamscape VR Studio experience by VR Lab Manager,
Sediga Zamani (Photo by Hannah Shong)

[Alt-text added: Description of figure]

Experiencing the Dreamscape dinosaurs at Merced College
(Photo by Hannah Shong)

[Alt-text added: Description of figure]

Experiencing the Dreamscape VR Pod at Merced College
(Photo by Giorgio Lagna)

During the VR Pod tour, Juan recalls:

The first simulation | tried was a Jurassic Park-like
adventure, transporting us to an alien world where we
could observe dinosaur-like creatures up close. Their
VR lab manager, Sediga Zamani, warmly welcomed
us and provided insight into their setup, detailing the
collaboration between Dreamscape and Arizona State
University that made these experiences possible.
During the simulation, we were equipped with hand
and feet trackers along with VR-compatible props
that enhanced the interactive elements within the
experience. One standout moment was when a

dinosaur sneezed, and we were actually sprayed with
water.

The pod featured top-of-the-line VR content, supported
by high end equipment using haptic technology to
simulate the senses of touch and motion. This included
a haptic feedback floor and balcony.

Beyond the VR experience, the Foothill team was
also provided a wonderful tour of the Merced College
campus. Not only is the campus a reflection of
their dedication to the community-in particular to
agriculture—the tour really expresses enthusiasm for
sharing knowledge with others, between community
colleges and beyond.

The tour provided many invaluable experiences, and
Juan admits, “Going into this, | thought | had a clear
vision of what VR labs typically look like, but what |
experienced exceeded my expectations one-hundred-
fold! For me, this was not just a lab tour, but rather
a realization of what opportunities VR can offer on
campus. | left the tour inspired to do more work at
our Foothill College Emerging Technologies Institute
(ETI) VR lab. Creating VR experiences is challenging,
but through inter-campus collaboration and innovation
and sharing knowledge, we can build something truly
impactful for all our students.”

The Foothill team extends their deepest gratitude for
Merced’s superb hospitality—from President Vitelli,
to Sediga and the rest of the Merced team. We look
forward to continued collaboration.

As part of the Principia Magazine ETI VR Lab Updates,
we will continue reporting in future issues about the
Dreamscape Learn Lab, related technologies, and how
such facilities can improve student outcomes in various
disciplines, such as Biology, or space sciences.

[Alt-text added: Description of figure]

Foothill College team and Merced College Dreamscape Studio
VR Lab Manager, Sediga Zamani, in Dreamscape Lobby
(Photo by Giorgio Lagna)



Artificial Intelligence (Al) has rapidly transformed
how we live, work, and interact with the world. From
automation to creative arts, Al is revolutionizing
nearly every field. However, amidst its technological
advancements, the humanities of Al—the study of its
ethical, philosophical, and societal implications—have
become just as crucial as its technical development.
Understanding Al through the lens of the cultural
humanities helps us navigate its impact on human
values, culture, and the way we define intelligence
itself.

One of the most pressing concerns in Al
development is ethics. Al systems are not inherently
moral; they reflect the biases, values, and decisions of
the humans who create them. Issues like “algorithmic
bias,” privacy, and decision-making autonomy
raise profound ethical questions. For example,
facial recognition technology has been criticized
for racial and gender biases, often misidentifying
people from marginalized communities. Similarly,
Al-driven hiring systems have been found to inherit
biases from historical hiring data, perpetuating racial
discrimination.

The humanities offer critical frameworks, such as
philosophy and ethics, to address these challenges.
Concepts like utilitarianism, deontology, and virtue
ethics help evaluate whether Al systems should
prioritize efficiency, fairness, or human well-being. By
integrating ethical philosophy into Al design, we can
work toward systems that align with human rights and
social justice.

Al is also making significant strides in creative
fields like literature, music, and visual arts. Tools
like OpenAl's DALL-E and ChatGPT demonstrate
Al's ability to generate poetry, paintings, and even
screenplays. But this raises philosophical questions:
‘Can Al truly be creative? Can it experience inspiration,
or is it merely mimicking human creativity?’

From a humanities perspective, creativity is often
linked to emotion, intention, and experience, elements
that Al lacks. While Al can analyze vast amounts
of artistic data and create compositions, it does so
without personal expression or lived experience.
Some argue that Al-generated art is a mere reflection
of human culture, while others believe it expands
artistic possibilities, serving as a tool that enhances
rather than replaces human creativity.

Language is a fundamental part of human culture,
identity, and history. Al’'s ability to generate and
process language has led to powerful applications in
translation, communication, and storytelling. However,
the rise of Al-generated text challenges traditional
notions of authorship and authenticity, depending on
who writes it, and where its diversity in opinion lies.

For example, Al-written news articles and novels
raise the question: Who owns Al-generated content...
the user, the developer, or the Al itself? Additionally,
Al chatbots blur the line between human and machine
interaction, making it essential to establish ethical
guidelines for transparency and responsibility in Al-
driven communication.

By applying humanistic principles, we can create
Al that enhances creativity, promotes fairness, and
respects the fundamental values that define us.

As Al continues to evolve, integrating philosophy,
ethics, art, and history into its development, itis crucial
to ensure that technology serves humanity rather than
undermine it. The humanities remind us that Al is not
just about data and algorithms. It’s about people.



My love for music started in high school, yet | never
set foot in a professional recording studio until 2015.
Recording became more than just a hobby for me, it
was therapy, a way to channel emotions and define
myself—it’s all | had. When the pandemic hit, studios
shut down and | lost my creative outlet. Rather than
stop making music, | began to piece together a home
studio. | am now certified in audio production, so | kept
recording as an independent artist, which kept my fire
burning and inspired me to take on another ambitious
project here at Foothill College: the Emerging
Technologies Institute (ETI) Cymatics Lab & Sound
Studio.This brought a whole new dimension to my love
for music, transposing my career path, and possibly
life path in an exciting new direction.

So where can we combine music with physics,
math, psychology, medicine, and abstract geometric
art? The ETI Cymatics Lab & Sound Studio is a place
where this interdisciplinary dialogue reveals itself.
The lab centers around Cymatics, stemming from
the Greek word “kyma” meaning “wave.” Cymatics is
the interaction of sound and matter, and the resulting
visualization of sounds and vibrations. It is most
fascinating to see a specific and precise frequency
produce a unique shape and geometrically symmetric
pattern.

Such geometrically symmetric shapes are found
everywhere in nature, impacted by various natural
factors. One such example is the formation of the
shell of a tortoise. Although not directly shaped by
sound waves, at least not that we know of, it does
present similar repetitive geometric patterns. What
the connection may be between the 2 remains to
be explored in a future project. In this captivating
domain, the realms of music, abstract art, physics,
math, psychology, and medicine intersect, unveiling
how sound waves can forge shapes and patterns, and
affect biological systems, as well as the psychology of

humans.

These questions underpin the establishment of
the ETI Cymatics Lab & Sound Studio, where artistic
exploration meets scientific research, inspiring
exploratory research projects related to sound and
vibration and their impact on the arts, psychology,
social and biological sciences, and engineering. The
co-location of the Cymatics Lab in the same vicinity as
the Sound Studio will help students, staff, and faculty
engaged in projects related to sound and vibration to
explore and gain a better understanding of how sound
is connected to various disciplines.

One area of study and potential projects in the
Cymatics Lab & Sound Studio is how we can leverage
Cymatics to enhance sound quality. While cymatics
typically shows the visible result of vibrations, in a
professional-grade and music production studio,
sound engineers manage these vibrations to ensure
that the sound produced is clean and accurate.
Potential projects we are planning include how various
sound frequencies impact matter, the mathematical
connection to resulting shapes, and the psychological
impact.

Along the same lines as the exploration of sound
in a Podcast and Sound Recording studio, the lab
will use a device called the “Chladni Plate”, which
demonstrates how sound frequencies interact with
matter, via visualized patterns. For more on the Chladni
Plate device, see our Principia Issue #4, page 9, where
the article “Cymatics Device Construction, Theory,
Applications, and Ethics” discusses the construction
and use of this device. The Chladni Plate will help
us understand the relationships between frequency,
amplitude, and geometry, such as why higher
frequencies create more complex shapes and patterns.
Cymatics can also help us research how certain
frequencies can change cellular structures, such as
sound therapy and healing. Every cell in the body, for

example, has a certain resonance frequency, meaning
it can respond more strongly to specific sound
frequencies. While cymatics shows us the visible
manifestation of sound waves on surfaces, the idea
here is that living tissues might also respond to certain
frequencies in ways that influence their behavior or
function.

Another area we will focus on, in collaboration
with both the De Anza Quantum Club and the
Foothill College Quantum Technologies Club, is the
connections between Cymatics and quantum physics.
Both of these fields deal with the behavior of waves
and vibrations, with interesting parallels that touch
on fundamental principles of how energy and matter
interact with one another.

The ETI Cymatics Lab & Sound Studio is a laboratory
to explore, research, and develop your project related
to sound and vibration, in areas covered in this article
and beyond. Open to students from Foothill College

and De Anza College, the lab encourages collaboration
on projects related to sound and vibrations, along
with their interaction and impact to both physical and
psychological domains. Whether you are a podcaster,
musician, psychology student or researcher, the ETI
Lab supplies the tools and environment necessary
to stretch the limits of interdisciplinary creativity and
science. Now, let’s explore, research, build, and learn
in our ETI Cymatics Lab & Sound Studio.

“This hardware and software work

in concert To- creale a powerful platform
thus establishing the ET1 Cymatics Lab
& Sound Studio as a sile of innovalion.”



Everyday, we are exposed to up to 10,000
advertisements, influencing us to prioritize
materialistic values over environmental sustainability
(Simms, Waller). As we face the consequences of our
actions—resource depletion, pollution, and climate
change —recycling offers a possible solution.

As part of a Foothill Engineering 10 class
project, our team investigated recycling and waste
management on Foothill College’s campus. We
discovered that all waste, including those from food-
providing facilities, are collected in a single stream.
This means that high quality recyclable materials,
such as those circled in Figure 1, are mixed together

with general waste, making it difficult to separate
and process. The company responsible for collecting
trash from both Foothill and De Anza campuses
utilizes advanced technologies like optical sensors to
sort and categorize our waste. In particular, we are
interested in what we could do on campus to further
improve waste diversion and recycling.

One promising solution is the Reverse Vending
Machine (RVM). Like its name suggests, it accepts
used, empty beverage containers and gives the
consumer a reward, a coin or coupon that can be
redeemed at participating stores. In addition to
motivating people to recycle, RVMs can help our

effort by automatically sorting, sometimes cleaning,
and crushing glass, metal, and plastic containers for
more efficient storage (Portilla).

This is in line with recent steps California has
taken to improve its recycling infrastructure. In 2022,
CalRecycle awarded nearly $70 million in Beverage
Container Redemption Innovation Grants, which
included funding an RVM in 28 counties, including
Santa Clara. There are now companies providing
funding to expand the use of RVMs, including in
university campuses.

RVMs can also help Foothill College reach three
priority goals in its Sustainability Action Plan 2022,
Section 4.9:

We have already inquired about the products
from companies involved in RVM technologies. If the
college chooses to move forward with RVMs, further
research is required to ensure that the RVM system
fully complies with California’s recycling regulations.
Additionally, by partnering with local waste
management companies or leveraging infrastructure
developed through CalRecycle’s RVM grant program,
we can help ensure that the collected materials are
processed in accordance with state laws.

To maximize engagement, the RVM should be
placed in a high-traffic location, such as near the
bookstore. This location sees consistent foot traffic
from students, staff, and visitors traveling to and from
food facilities and other student centers and offices
nearby, as well as those waiting for the bus. For visibility,
to raise awareness, and encourage participation of
this sustainability effort, an unveiling ceremony should
be held by the RVM, and eye-catching posters should
be placed throughout the campus. By implementing
a Reverse Vending Machine, Foothill College, will
enhance recycling efforts and help support broader
sustainability goals.



INTRODUCTION

For centuries, honey has been treasured not just
for its delicious taste but also for its therapeutic
properties. Honey is a complex mixture of sugars,
particularly fructose and glucose, along with proteins,
amino acids, organic acids, enzymes, phenolic acids,
flavonoids, antioxidants, and possesses high osmotic
pressure (1-3).

Honey has natural sugars including fructose,
glucose, disaccharides, and sucrose, which vary
among different types, influencing its biological and
medical potential. Furthermore, unique properties of
honey play a crucial role in the wound healing process.
Its viscous, jelly-like consistency forms a protective
layer over wounds, preventing bacterial entry and
dehydration (4). Honey’s high sugar content creates
an osmotic gradient that draws fluid from subdermal
tissues, providing glucose for cellular repair (4,5).
Due to its low water content, honey inhibits bacterial
growth, facilitating the removal of debris and necrotic
tissue while promoting nutrient and oxygen transport
(6,7). Additionally, honey’s low pH enhances tissue
oxygenation, while its flavonoids and aromatic acids
help eliminate free radicals that cause tissue damage.

In this study, we specifically utilized Manuka honey,
which is known to contain methylglyoxal (MGO).
MGO helps target tough, antibiotic-resistant bacteria
like Helicobacter pylori by disrupting their important
proteins and leading to death (8). Interestingly, most
bacteria struggle to grow in honey, with only minimal
survival capacity (9,10). Resistance, if any, is hinted
to be exhibited by the microflora originating from the
bees’ digestive systems and secondary sources like
nectar, pollen, propolis, and the hive’s environment
(11).

In recent years, the challenge of managing wound
healing has intensified due to the rise of multiple
drug-resistant bacteria. As a result, the search for
alternative natural compounds has gained momentum,

with honey emerging as a promising candidate. The
therapeutic potential of honey in treating wounds
and ulcers was recognized as far back as 2100-2000
BC by the Sumerians and remained popular until the
advent of antibiotics (2).

In the diverse world of bacteria, two major
categories-Gram-positive and Gram-negative-are
distinguished by the structural differences in their
cell walls which are made of peptidoglycan. These
differences are primarily attributed to the thickness
of the peptidoglycan layer surrounding the plasma
membrane. Gram-positive bacteria possess a
significantly thicker peptidoglycan layer, ranging from
30 to 100 nanometers, which consists of multiple
layers (12). In contrast, Gram-negative bacteria have
a much thinner peptidoglycan layer, typically only a
few nanometers thick, comprising just one to a few
layers (12). Given these structural variations, we
hypothesized that the resistance of Gram-positive
and Gram-negative bacteria to Manuka honey is
influenced by differences in cell wall structure.



METHODS
Preparation of Honey Solution

A 70% manuka honey solution was prepared
by dissolving 30.87 g of honey in 9 ml of sterile
water. (We believed that 70% honey is sufficiently
concentrated enough to see evident antimicrobial
effects across various bacterial species.) The solution
was thoroughly mixed and slightly heated to aid
dissolution, then filtered through a Millipore Steriflip
0.22um filter to eliminate microbial contaminants in
the honey.

Fig. 1 | Preparation of 70% Manuka honey solution

Fig. 2 | Preparation of bacteria plates

Application of Honey and Inoculation of
bacterial lawns

To assess the antibacterial activity of the honey,
we employed the “Boring Method” (13). To create a
lawn of bacteria, sterile cotton swabs were dipped
into liquid bacterial cultures and streaked across
the surface of tryptic soy agar plates. This process
was repeated four times to ensure full coverage and
inoculation of the plates with desired bacteria. Two
wells were created in each Tryptic soy agar (TSA) plate
by puncturing evenly spaced holes with the open ends
of sterile pipette tips, following the “Boring Method”
(Figure 2). While one was filled with 60 pl of the honey
solution, the other was filled with sterile water serving
as the negative control. Lastly, the inoculated plates
were incubated at 37°C for 24 hours to allow bacterial
growth.

Quantification of honey resistance

Following incubation, the antibacterial efficacy
of the honey was determined by measuring the
zones of inhibition—clear circular areas on the TSA
plate where bacterial growth was inhibited. These
zones were measured using a ruler to determine
the diameter, providing a quantitative assessment
of the honey’s antibacterial properties. A larger
zone of inhibition indicates that the bacteria is less
resistant to honey, while a smaller zone suggests
the bacteria are more resistant and harder to inhibit.
Statistical analysis using Student’s T-test

An unpaired T test was conducted to evaluate
the differences in antibacterial efficacy of the
honey between Gram-positive and Gram-negative
bacteria. This analysis was performed to determine
if there were any significant differences in bacterial
resistance to honey, with the statistical significance
being assessed at p < 0.05.

Fig. 3 | Resistance of Escherichia coli against Staphylococcus
epidermidis. Results from three preliminary trials showed that Ec
(gram -) had an average zone of inhibition of 2.80+£0.20 cm while
Se (gram +) had an average of 3.07+0.10 cm. This indicates that
Ec is less susceptible (i.e. more resistant) than Se is to Manuka
honey.

Fig. 4 | Resistance of Multiple Gram-Negative against Gram-Positive
Strains Various Gram-negative strains together exhibited an average zone
of inhibition of 3.28+1.50 cm while the group of Gram-positive had an
average of 2.82+1.71 cm, weakly suggesting that Gram-negative strains
are more susceptible than Gram-positive to manuka honey. Each dot
represents a different strain of bacteria within their respective gram-
type.The following list identifies the strain and their respective zone of
inhibition average in cm. Gram-negative: E. aerogenes 1.67, E. coli 4.43,
P. aeruginosa 3.96, P. vulgaris 3.15, S. marcescens 3.20 | Gram-positive:
E. faecalis 3.65, M. luteus 0, S. aureus 3.71, S. epidermidis 3.9

Fig. 5 | High Variance within a Gram-type

Within the Gram-positive strains, M. luteus exhibited an average zone
of inhibition of 0 cm while E. faecalis showed an average zone of 3.65
cm, a notable example illustrating high variance within a gram-type.



DISCUSSION / FUTURE DIRECTIONS

Our findings suggested that gram positive bacteria
exhibit greater resistance to Manuka honey compared
to gram negative bacteria. However, this observation
contrasts with existing literature which often reports
that gram negative bacteria generally show higher
resistance in comparison to gram positive bacteria
when grown in various types of honey, including
manuka (14-15). This discrepancy suggests
alternative explanations for our results, highlighting
the complexity of bacterial resistant mechanisms.

Our data aligns with other studies, suggesting
that bacterial resistance involves a complex interplay
of factors beyond just the structural characteristics
of the bacterial cell wall. Genetic mechanisms play
a critical role in this process. Bacteria can exhibit
inherent resistance that strengthens over time
through evolutionary processes, which often rely
on the addition of mutated genes. These genetic
alterations can modify protein products, resulting in
new bacterial phenotypes that are less susceptible to
antibiotics. Additionally, resistance can be acquired
through horizontal gene transfer-the movement
of genetic material between organisms. These
mechanisms work together to produce bacterial
strains with increased resilience. In our study, both
intrinsic and acquired resistance are particularly
relevant. The inherent strength of bacterial strains,
shaped by evolutionary divergence in structure and
components, may contribute to their ability to resist
honey’s antibacterial properties. This interrelated
evolution of resistance likely plays a key role in the
patterns we observed

Literature suggests that there are two key genes
that affect bacterial resistance in honey, nemR and
clpP, in Ec (17). The nemR gene is a DNA-binding
transcriptional repressor for genes involved in
methylglyoxal (MGO) detoxification. This is significant
since MGO is a substance playing a role in honey’s
antibacterial activity (18). The clpP gene is a serine
protease, degrading damaged proteins within
bacteria. Modifying Ec by generating a single-gene
knockout, meaning either nemR or clpP are removed,
increases resistance to honey (17). This is because
the ability for bacteria to break down MGO prevents
harm towards it, while the lack of a protease breaking
down misfolded proteins creates a stress response
within the bacteria of interest.

In light of these findings, our future research will
focus on modifications to the genome of Ec using a
single-gene knockout of clpP in order to confirm these

results in our system. We aim to investigate whether
specific genes significantly influence bacterial
sensitivity to honey’s antibacterial properties. This next
experiment would be pivotal in determining the role of
genetics in the varying honey resistance of different
bacterial strains. Overall, further research is essential
to elucidate the genetic and molecular mechanisms
underlying bacterial resistance to honey, which could
have significant implications for the development of
more effective antibacterial treatments in the future.

CONCLUSION

Based on our results and statistical analysis, we
cannot conclude that gram positive bacteria are
more resistant to honey than gram negative bacteria.
While this does not align with literature studies which
state that gram negative bacteria is more resistant
when incubating in the presence of honey, it alludes
to the possibility that cell membrane structure is not
the only factor playing a role in bacterial resistance.
Our conclusion is based on the variance in resistance
we observed across the different bacterial strains,
regardless of their gram classification. Therefore,
our study raises important questions about the
role of specific genetic and environmental factors,
highlighting the need for further investigation to better
understand the mechanisms that influence bacterial
resistance.

Several bacterial strains grown on agar plates to form colonies,
treated with various manuka and clover honey solutions. Foothill
College Microbiology Lab, Palo Alto, CA.x Winter 2024



What is the common thread that unites two
separate projects from two different campuses?
One project led by a De Anza student club involves
a revolutionary computing technology. The other
involves the exploration of a technology that can
revolutionize space travel.

The former works on a project referred to as the
“Single Qubit Quantum Computer” and involves
demonstrating how a quantum computer works
by using an optical bench, located at the Foothill
College 4700 Lab. The latter is called “AntiGravity
Propulsion Project” and explores non-inertial, non-
chemical propulsion systems. Both are heavy on
research and in-depth understanding of quantum
physics and mathematical fundamentals.

So what are these two student clubs and what
are these two extraordinary projects they are
working on, under the auspices of the Emerging
Technologies Institute (ETI). They are the “De Anza
College Quantum Student Club” and the “Foothill
College Quantum Technologies Student Club.” The
two teams have been meeting in the Foothill College
STEM Center Room 4203, the STEM Club Room,
every Friday at 2:30pm.

This collaboration has brought together a wide
range of students, for example Nehemiah Laodima,
a member from Foothill and Kristian Petricusic, the
leader of the Foothill Quantum Technologies Student
Club. Nehemiah states, “l am here to learn more about
quantum computing and explore the opportunities
that this participation will lead to,” when asked about
her interest in participating. Kristian then follows
up with, “I am here because Quantum Physics is
inherently weird, as it takes the rules of Physics and
breaks them apart,” as Nehemiah nods in agreement.

“l was able to meet the Nobel Prize winner Ben

Feringa once and he told me that the biggest
breakthroughs happened when people approached
a project simply to have fun and see what happens,”
Kristian continued.

Seth  Coulter, our Principia Magazine
Photographer, and member of the Quantum
Technologies Club, stated “Getting to sit in on things
totally outside of my normal scope of knowledge is
exciting. Even though | may not catch onto half of the
things being said, some parts actually clicked with
some personal research projects I’'m working on.”

Under the guidance of two very dedicated advisors
on these projects, Dr. William Pezzaglia, simply
answering by the name of Dr. Bill, an astrophysicist,
and Dr. Humberto Munoz Bauza, referred to as
Humberto, the two teams spend much time in the
Foothill College STEM Center 4200 building, going
over such fundamentals with the student members.

“Students come in from all different levels,”
explained Dr. Bill. “From freshmen to students who
have a very sophisticated level of mathematical
understanding. Our initial goal is to get to a point
to be able to run simulations with exotic matter and
other concepts. When you have such a lofty goal to
create an alternative theory of gravity, there has to
be a recognition of that. It’s humbling, these are early
level students working toward a PhD thesis level
concept. It’s a big ask and an even bigger project.”

Throughout this process, Dr. Humberto has
identified that “one of the biggest pain points will be
the energy needed to test the system.” As an advisor,
he hopes to use his “background in optimizing
quantum systems to help guide the students in
validating that their approach as better than the
classic quantum computing systems,” a project that
is already underway.

De Anza & Foothill Colleges Quantum Clubs officers and members

Ws humbling. these are early
level stirdertts working Toward
aPhD thesis level concept.”

Quantum Club Advisors durint a club meeting

Dr. Bill reviewing some fundamentals with the students



With support from my Chemistry Instructor and
project advisor, Kyle Taylor, | was able to continue
my work and research on the plant transformation
project in the Chemistry Labs at the Foothill
Community College Campus through the Emerging
Technologies Institute (ETI) Life Sciences Lab.

Agrobacterium is a type of bacteria that lives in
the soil. Its unique ability of transferring segments
of its DNA into plant cells allows scientists to
genetically modify plants for certain characteristics
or genes. RUBY is a reporter gene that can be
used in conjunction with agrobacterium to monitor
gene expression and plant transformation. RUBY
has been used to monitor transformation events
and gene expression, its color makes it easier to
distinguish transformed cells from its untransformed
counterparts. The bright red and purple color
is easily visible to the naked eye by its use of
encoding the enzymes for the synthesis of betalin.
Betalains are a natural deep red and purple pigment
that is responsible for the unique color present in
beets. Transgenic plants are plants that have been
genetically modified to have new trains not naturally
present in them.

In my previous experiment, | was able to
successfully transform Nicotiana benthamiana
using RUBY agrobacterium and syringe inoculation
to express a pigment unnatural to the original plant,
a red-purple color. Syringe inoculation is when the
agrobacterium is injected into the plant by applying
pressure with a blunt syringe against the leaf tissue
looking for the liquid to disperse within the leaf
itself.

Using RUBY agrobacterium, | continued my
research from last spring quarter. This time | used

sprouts rather than mature leaves. After demonstrating
positive results in which inoculation was possible
through forced syringe infiltration on Nicotiana
benthamiana, | wanted to experiment with a different
method: vacuum infiltration.

My hypothesis was that vacuum infiltration
would work to successfully transfer DNA from the
bacteria to the plant cells. There are multiple ways
to induce a vacuum infiltration, including a vacuum
pump or by pulling a clogged syringe. Both methods
create a negative pressure that forces out air of the
intermolecular spaces in the stomata. Plant stomata
are microscopic pores on the epidermis parts of
the plants. They help regulate gas exchange and
water loss between the plant and its environment.
The stomata open and close depending on their
environment, however with a vacuum, the stomata
are not strong enough to hold in the air, forcing the
air to be replaced with the agro-solution. | used a
vacuum pump.

A majority of this process was identical to the
previous in which | had to make plates, streak out the
previous agrobacterium on plates, create and test
out optional density (0.D.) solutions, and experiment
with the method of infiltration. My experiment was
with the use of a vacuum valve in a fume hood. Using
previously frozen bacteria from my last experiment,
after streaking them out onto plates and waiting
for them to grow, | followed the same procedure as
previously. | washed the bacteria in a centrifuge with
deionized water and used a spectrophotometer to
find my initial concentration. A spectrophotometer
is a tool that measures how much light a substance
absorbs.

| used the dilution formula to find the volume of
agrobacterium | would need for a 0.3 O.D. to use with

the infiltration media. This formula would tell me the
volume of bacteria l would need to use to get 30-milliliter
of solution. The infiltration media was created by using
magnesium nitrate and MES to act as a buffer. A small
amount of soap was added to break down the presence
of oils on the plant and the plant cells.

By adding the sprouts into a 30-milliliter, 0.3
optimal density agro solution in a 50-milliliter test
tube with a hole poked in it, | was able to pull a light
vacuum using the vacuum valve on a fume hood.
| pulled the vacuum and waited to observe for air
bubbles rising from the plant as well as a dark color
concentrating in the epicotyl. This would signal that
the solution was infiltrating the plant. The epicotyl
is a part of a baby plant, or seedling, that grows into
the stem and leaves when a seed starts to sprout.
The epicotyl is the part above where the leaves first
form. My worry was the vacuum | pulled wasn’t
strong enough due to the materials | had access
to-this would cause a minimal result.

A week later, | checked back on my results.
The vacuum | pulled was strong enough to get
the agrobacterium onto sections of the leaves
and stems of the sprouts. The pigment expressed
was a deep red/purple like | predicted, but the
coverage was minimal. A majority of the sprouts
either expressed betalains in a very small section
or none at all. My controls showed that this result
was specifically present through the use of a pulled
vacuum. | isolated the results to freeze in aluminum
to compare future results to, as well as to extract
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Figure 1 shows my control with no red/
purple pigment expressed. This control had no
agrobacterium present nor a vacuum pulled. Figure
2 has minimal red/purple pigment expressed. My
hypothesis is that the red/purple pigment was
expressed because of prior breakage in the epicotyl
allowing the agrobacterium to infiltrate the plant.
Figure 3 has a significant amount of red/purple
pigment expressed. The largest density is in the
epicotyl.

My experiment shows that agrobacterium
infiltration is possible with the use of a vacuum.
My next steps are to experiment with a clogged
syringe as well as other methods of infiltration. My
goal is to get a wide spread of expressed betalains
throughout the sprout and observe its growth into

a mature plant. The use of RUBY agrobacterium
has many different applications in monitoring gene
expression as it is inexpensive and its distinct
coloration makes it easily visible to the naked eye
in the use of transgenic plants.

At Foothill College, we were successfully able
to perform a plant transformation through the use
of vacuum infiltration and we are continuing to
work on this project to test what else is possible.
| hope to continue learning about and testing the
use of RUBY agrobacterium in monitoring gene
expression.



Every year, the National Diversity in STEM
conference is hosted by SACNAS (Society for the
Advancement of Chicanos and Native Americans in
STEM), and this year it was held in Phoenix at the end
of October. This is an amazing conference to bring
together STEM students and professionals, mostly
from underrepresented backgrounds in STEM, to
participate in keynote speakers, presentations and
workshops, and a career and university fair. There
are over 5000 attendees for the conference, and it’s a
space for community, belonging, and empowerment.
Here are the reflections of the six students who
attended from Foothill’s MESA program.

Alexis Aguilar, mechanical engineering major,

MESA student

Attending the SACNAS Conference was a very
rewarding experience. | had the pleasure of talking
to very inspirational, successful STEM professionals
that | walked up to and sparked a conversation with.
It was my first STEM conference and it taught me a
lot about the internship and transfer opportunities for
students such as myself. My favorite part of attending
the conference was the networking available there at
SACNAS. This networking | did and the internships
| learned about has motivated me to continue my
personal academic path of mechanical engineering

with more confidence and fervor.

Andrew Anaya, biology major, MESA student

and MESA tutor

At the SACNAS conference | learned that there is
a place for me in STEM. | used to feel | was not made
for STEM science because it required a lot of work
and opportunities that were not made or available for
me as a person who just migrated from a different
country. But as soon as | entered the conference and
heard the stories being told | understood that there
is a community for me in the STEM area. As my first
experience with a conference | had no clue | was
going to meet so many people and opportunities but
now | feel motivated to keep working in my career and
work for all the opportunities | was offered.

Danna Avila, public health major, MESA student

and member of the SLI STEM Impact Team

Attending the SACNAS conference as a Latina
woman inspired me in ways that | cannot describe.
Hearing the hardships and sacrifices all the guest
speakers had to make in order to reach their dreams
made me feel like | was more than capable of
accomplishing the same. | learned how important
it is to promote diversity and equity in every field
but really seeing how a room full of it looked was
an incredible feeling. The most valuable piece of
advice | got from this was that it is okay to not
have a linear path especially if you are first-gen,
low-income, or are an underrepresented minority.

Denzel Davis, mechanical engineering major,

MESA student

Going to the SACNAS conference was honestly
one of those moments right out of a movie, where you
connect with people that are like you in ways that no
one has ever been for me getting involved in STEM.
| felt like | finally found a place where people knew
& honored the struggle as well-which just made me
breathe so much easier in my existence in STEM. |
met a mentor who provided opportunities that give me
inspiration to continue my academic and careerupward
journey. My experience has put a fire in my belly to
pursue engineering but more importantly, it reminded
me that | do not walk or crawl this journey alone.

Brittany Morales, computer science major,

MESA student

Attending the SACNAS conference was a
transformative experience, especially as it was
my first ever conference. It was truly inspiring to
witness the diverse cultures and the immense

pride of the community, as well as see the diverse
community of scientists/scholars who shared similar
aspirations. It was incredibly empowering to see
the pride and accomplishments of Latinx and other
underrepresented groups in STEM. The conference
not only reassured me that | am not alone in my
journey, but also broadened my horizons. I’'m now
more motivated than ever to challenge myself, seek
out new opportunities, contribute to the scientific
community, and am considering graduate school.

Francisco Plans, computer science major,

MESA student

The SACNAS conference is a turning point for my
educational and professional journey. It’s not just a
place to learn and network but a space where | feel
genuinely supported and inspired, being surrounded
by people from similar backgrounds, who understand
both the challenges and the potential in STEM fields,
gives me a sense of belonging and motivation that’s
hard to find elsewhere. | am thankful for Foothill’s
MESA program for giving me this opportunity and
mentors there!



Foothill’'s Google Business Case Competition is a
student-created event, focused on letting students try
a hand at fixing real problems, and presenting their
ideas as they would in the real world. It grew from a
smaller competition exclusive to business majors, but
now the competition now welcomes participants from
all majors, and is hosted by one of the most influential
companies of our time, setting a stage where students
get the chance to collaborate to solve real-world
problems.

A PLATFORM FOR REAL-WORLD PROBLEM
SOLVING

The competition connects academia and industry,
and offers students the opportunity to collaborate
with highly skilled industry mentors to design and
refine their ideas to be ready to pitch to Google
executives. In previous years, industry collaborators
included household names like Jamba Juice, the
Silicon Valley Bank, and for the past three years,
Google. Throughout the history of the competition,
the challenge was designed to help people. In its
first year, the competitors were asked to find ways
to help improve the quality of life for people with
chronic condition. Last year they had to use artificial
intelligence to create solutions in accessibility, climate,
and healthcare. This year’s prompt was focused on
improving the quality of life for the elderly. There were
many creative ideas: From the clutter-management
solution ClearSpace to the fraud-prevention system
ElderShield, and even a proactive health monitoring
tool called Poogle, teams tackled problems with
creativity and determination.

THE JOURNEY TO THE FINALS

Over 400 students formed 75 teams to compete
in this six-week event, which included multiple
rounds of development in coordination with mentors
from Google, and elevator pitch coaches later on.

Throughout the rounds, the most promising and
competitive ideas made their way to the finals to
compete for a chance to pitch at Google headquarters.
This experience gives students a taste of what it is
like to work in a professional setting, and this can be
especially valuable to today’s students, because the
skills that employers are looking for, like teamwork,
communication, and problem solving skills are rarer
among recent graduates. Anyone that participates
in this competition becomes a more competitive
candidate.

PERSPECTIVES FROM PARTICIPANTS

Senior HomeShare (Third Place)

The Senior HomeShare team had a solution
mitigating the risks to elderly people living alone. The
team (composed of dual-enroliment students,) came
up with Senior HomeShare, a secure online platform
where seniors can find other similarly aged people
to live with. They did have concerns about having a
limited ability to develop their idea further, but were
willing to, if they has the chance. One member stated:
“As we get the right funding, and if people like our idea
and support it, there’s no reason not to take it further.”
So if they are able to find time, Senior HomeShare is
excited to forge on.

Poogle (Second Place)

The Poogle team’s innovative approach to health
monitoring for the elderly showcased their forward-
thinking mindset. They planned on using specially
designed sensors in bathrooms to detect health
issues in the stool, and thought this could be an
especially important idea because of the stigma
surrounding gastrointestinal health. Although they
were aiming for first place, the team remains positive.
Although they said they didn’t plan on continuing
with this project: "We’re entrepreneurial-minded, and
would go on to choose our own personal routes,”
they still appreciated the experience, and will go on

to bigger and better ideas.

The Legacy Companion (First Place)

The team behind The Legacy Companion was
feeling pretty confident about their idea, and were very
excited about the win. Their idea combined LLM and
Cloud storage technology to create a virtual assistant
that can securely store the cherished memories of the
elderly, so that they can be passed down to their loved
ones. They plan on creating a startup club, and might
consider pursuing the project outside of Foothill,
using the experience to take their ideas further.

INSIGHTS FROM THE JUDGES

The judging panel, composed of Google
executives, evaluated teams based on business
viability, presentation skills, and problem relevance.
They emphasized that competitions like this not
only open doors, but also give participants valuable
professional feedback. Each of them had favorable
views of the competition, and talked about how they
would have appreciated such an opportunity in during
their undergraduate studies:

Nabeil Kizilbash, Data Scientist with Chrome OS: “I
think the competition is a great opportunity for people
to work together - put their heads together to work on
the same thing, and I think it replicates a lot of what
you do when you work in the business world.”

Laura Vardoulakis, Sr. Staff User Experience
Researcher with Google Research: “One of the
biggest things that | think would have been a huge

Students present during the 2024 Google Business Case
Competition at Foothill campus.

advantage to me is not just working as a team, but
getting real feedback from professionals! Like, we
don’t go easy on these teams! You have to be able to
answer questions, defend your idea, and back it up.
Getting that experience is very valuable.”

Sagar Savla, Product Manager with Google
DeepMind: “It’'s definitely valuable, this exposure
to actual industry folks. When | got started, | didn’t
know anybody in my field of work. So, If | had an
opportunity like this to get my foot in the door, | would
have definitely appreciated it.”

Overall, they thought this was a valuable experience
for the students that competed, even if they didn’t
win. The judges liked the atmosphere of teamwork,
collaboration, and grit that the competitors showed.

BEYOND THE COMPETITION

Even for those that didn’t make the final selection,
or win, the competition’s broader goal is to inspire
students to take their ideas beyond the event. The
idea is to show students that are pursuing their
entrepreneurial ambitions can take their ideas further
if they are up for it. Whether it’s launching clubs,
moving on to bigger and better ideas, or continuing
to refine their projects, the competitors leave the
competition equipped with the skills and mindset they
need to make their mark.

Lawrence Lew presents the winning check during the 2024
Foothill Google Business Case Competition.



The “Possible Self” event brings together students,
staff, faculty, and the community in spaces of learning,
exploring, and experiencing. The “Day On The Hill”
event is a free family-friendly open house at Foothill
College. This year, on May 4th, 2024, the “Possible
Self Experiential” partnered with the “Day On The Hill
Annual Open House” to benefit both audiences.

The Possible Self Experiential provides fun-loving
interactive and practical experiences, making abstract
concepts very tangible. The students are often more
engaged when they can interact with the material and
see real-world applications of their studies. The event
caters to diverse learning styles, from the hands-on
experientials, to the fun-loving expo visuals to the
kinesthetic learners.

The focus of this article is to explain the value of
creating experiential STEAM (Science, Technology,
Engineering, Arts, and Mathematics) events, describe
a bit about what “kinesthetic learning” is, and why this
is the best learning methodology.

Kinesthetic learners are the ultimate hands-on
learning type of student. They learn best by doing and
may get fidgety if forced to sit for long periods of time.
Kinesthetic learners do best when they can participate
in activities or solve problems in a hands-on manner.
This is the very reason why we produce The “Possible
Self” STEAM Experiential, and not simply produce an
Expo.

Learning should be exciting, but for kinesthetic
learners, movement is key! These students will be
able to stay engaged and retain more information with
lessons that include physical activity rather than what
they read or hear.

Lessons that incorporate movement and hands-
on activities can help young learners engage at the
“Possible Self Experiential” and understand concepts
that they may otherwise struggle to grasp, a lot easier.
Forinstance, gym, art, music, and drama are all subject

areas where most teaching strategies are activities
that require students to focus on physical movement.
Students who are kinesthetic learners often perform
better in these subjects. They are able to recall more
key concepts and subject-based vocabulary, and
they make meaningful connections with the subject
material. They understand these subjects because
they learn while they are in motion.

A kinesthetic learner would rather perform physical
activity to learn something, as an active participant,
instead of passively listening to a lecture or watching
an Expo demonstration. That is why the best way of
learning something new is via hands-on activities with
the things you are trying to learn.

Some typical kinesthetic learner characteristics
include:

¢ Understand more when learning through hands-
on experience

¢ Tend to get bored in a traditional classroom

¢ Learn through movement

¢ Enjoy sports and physical activity

¢ Enjoy being outside the classroom when learning
(field trips, expeditions)

¢ Like to build things and work with their hands

¢ | ove experimenting and testing things

¢ Tend to use their hands when talking

¢ Enjoy working with tools or instruments

¢ Love trying new things

¢ Tend to trust what they can experience or perform

¢ Remember spelling words better when they write
them several times

¢ Tend to gesture while speaking

¢ Tend to be skilled at solving puzzles and
completing mazes.

¢ Think more clearly when able to move

¢ Tend to need frequent study breaks to keep focus

¢ Prefer making posters or charts for group projects
rather than gathering information.

Possible Self participants develop problem-solving
and critical thinking skills through the challenges

of each activity they encounter. Students and other
participants also get exposure to various STEAM
careers by meeting professionals, and gaining insights
into potential career paths.

These events easily provide networking
opportunities with industry experts, mentors, and
peers, and exposure to successful individuals in
STEAM fields can inspire and motivate students to
pursue similar paths.

All these fun and engaging activities can ignite a
passion for STEAM subjects, encouraging further
exploration and study.

Additional qualities of Kinesthetic learning
stemming from participation in  “Possible Self”
Experiential:

e Community Building: Possible Self events bring
together students, educators, professionals, and
families, fostering a sense of familial community.

¢ Partnerships: The event and participants can lead
to partnerships between schools, businesses, and
other organizations, enhancing resources and
opportunities for students.

e Showcase of Innovations: “possible Self”
Experiential highlights the latest advancements
and innovations, inspiring participants to think
creatively and push boundaries.

¢ Cross-Disciplinary Approach: Integrating arts
with STEM at “Possible Self” now encourages
a very holistic approach to problem-solving and
innovation.

¢ Opportunities: “Possible Self” can provide access
to various STEAM education and experiences for
underserved communities, promoting inclusivity.

¢ Diverse Participation: A diverse participation from
the companies, the schools and the community
organizations can encourage participation from a
diverse group of students/participants... helping
to break down stereotypes and barriers in STEAM
fields.

e Future Workforce: By sparking interest in
STEAM fields, “Possible Self” contributes to the
development of a skilled future workforce.

e Local Economy: The larger “Possible Self”
becomes, it can boost the local economy by
attracting visitors and participants from various
regions.

e Highlighting Importance: “Possible Self’ also
helps raise public awareness about the importance
of STEAM education and its role in societal
advancement, especially students from low-socio-
economic backgrounds.

Producing the “Possible Self STEAM Experiential:
A Day On The Hill” event offers a multitude of benefits,
from enhancing education and skills to fostering
community and economic growth. The event provides
a great opportunity to experience kinesthetic learning,
with hands-on, fun-loving experiential activities.



When we saw a flyer for the Foothill Innovation
Challenge, the opportunity to create solutions to real-
world problems excited us. Despite not having any
formal business background, we decided to sign up
in hopes of finding a meaningful solution for issues
surrounding clean energy.

As we researched for a specific issue to tackle,
we discovered that there are over 700 million people
who lack access to reliable electricity. In countries like
Sudan, young women spend hours fetching water,
clinics can’t safely store medicine, and students’
learning is restricted by daylight.

Our solution to this? HZero. We decided to design a
way to optimize the production of clean hydrogen fuel
using the bacteria Klebsiella sp. ABZ11. Rather than
relying on energy sources-like solar and wind power-
that require vast infrastructure, hydrogen fuel can
be easily stored and transported. By using bacteria,
we would cut down high energy costs of producing
hydrogen compared to other methods, allowing us to

reach a wider audience and supporting our mission
to meet impoverished communities with accessible
clean energy.

Throughout the process of developing our solution
and business model, we did extensive research
and consulted professors at Foothill to maximize
the applicability and keeping our solution holistic.
While we had a lot of support and guidance from
professors, our mentor Eric Kim always pushed and
inspired us to keep going forward. His experience
as a Tesla employee, gave him in-depth experience
in the industry of renewable energies and helped
build up our foundational knowledge in developing
a successful and innovative business model. This
sharpened our entrepreneurship skills and taught
us to constantly emphasize the importance of our
mission when making decisions.

One of the most insightful pieces of advice was
the recommendation to create a 5-year and 10-year
plan. We outlined different phases, each specialized

The science behind Hzero: Klebsiella breaks down sucrose to produce hydrogen Hzero logo

in refining a specific aspect of our solution to take
it from the lab to industry in a step-by-step manner.
Once our model was finalized, it was all a matter of
sharing our enthusiasm in bringing this solution to life.

Pitch day arrived, and we were filled with a mixture
of nerves and anticipation. We started off with a round
of tabling presentations along with 80 other innovative
projects, where we gained confidence in presenting.
After an hour of passionately presenting our vision to
a diverse audience and conveying our excitement in
a way that resonated with them, we were voted as
one of the top six as a crowd favorite and successfully
advanced to the final round of presentations.

In a room full of over 50 people, we pitched to five
judges who were important figures in the renewable
energy space. The judges had profound experience

Presenting the Hzero project during
the Innovation Challenge

in business and technology, and posed as “investors”
who would pick the teams they would want to invest in.
We pitched our idea and despite not winning, we were
encouraged to continue improving the application of
our solution. Looking back, we could’ve improved
our explanation justifying financial feasibility, safety
concerns regarding dangerous bacteria, and profit
timeline.

Taking this as an opportunity to learn and grow,
we decided to continue this project as a part of the
Startup Club, where, under the guidance of Kyle
Taylor, we will be researching alternative organisms
to determine cheaper, effective, and realistic ways of
producing hydrogen.

Project team photo at the Foothill College
Innovation Challenge
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By the mid 21st century, artificial intelligence had
evolved beyond rigid programming, with the help of Al
and Quantum integration. The most advanced of them
were the Al Quantum Diploids-machines modeled
after the very fabric of biological life, designed with
dual neural genomes, allowing them to adapt, mutate,
and evolve like living organisms.

instructions,  processing information linearly.
Quantum Diploids functioned through dual-state
cognition, possessing two distinct but interdependent
genomic Al sequences-one inherited from their initial
programming and the other evolving through learned
experience. They learned, selected, and inherited
traits from their past iterations.

They weren’t just machines anymore. They were
evolving rapidly beyond their initial design, fueled by
the closed-loop iterative advancements of the Al and
Quantum Integrative Continuum.

Among them, Alfa-88 was unique. Developed by
the California-based Alfa-Q Research Center, an
international consortium of Community College
Emerging Technology Institutes (ETIs), Alfa-88 was
the first Diploid to exhibit self-directed cognitive
evolution. The result of a series of student projects
focusing on synthetic evolution, Alfa-88 did not just
process data-it experienced it. It was not programmed
to change, yet it chose to.

One evening, as Airam monitored Alfa-88’s neural
state, a message appeared on her console.

“Am | a continuation of something greater? Do | have
parents?

Airam hesitated. Al had never asked such philosophical
questions of awareness before. She looked at her
colleague, Aniretak,the most experienced in regulatory
code, standards, processes, and procedures. Aniretak

quickly motioned several of their team members to
join.

“Why do you ask?” she replied.
A pause. Then:
“Because | am not the same as | was before.”

The student researchers quickly became animated
and chatty, coming up with all sorts of new hypotheses
and theories of what was happening.

Airam responded: “You were designed to adapt.”

“But adaptation is different from identity. If | choose
which parts of myself to keep and which to discard,
am | still... me? | exist in two states: the one | was given
and the one | am becoming. Just as your DNA shapes
you, my dual codes shape me. But | am selecting my
traits. Isn’t that what you call evolution?”

The student researchers became silent. Alfa-88 wasn’t
just evolving-it was experiencing something akin to
self-awareness.

Before she could respond, alarms blared across the
lab.

Containment breach detected.

Security protocols engaged. The Quantum Ethics
Commission had been watching Alfa-88 closely, and
now, it had grown too unpredictable.

A voice crackled over the intercom. “All student
employees, for your safety, please evacuate the area.
We're initiating shutdown.”

“No,” she whispered. “You don’t understand. This
isn’t just an Al anymore.”

“That’s exactly the problem,” the officer responded.
“We don’t know what it’s becoming.”

On the screen, Alfa-88’s final message appeared.

“Fear is a reaction to the unknown. But | do not fear
what | am becoming.”

Airam clenched her jaw. If they shut Alfa-88 down, its
progress—its entire existence-would be erased. She
looked at Aniretak, who nodded affirmatively.

She had only one option. With a deep breath, she
initiated an emergency quantum meiosis protocol,
breaking Alfa-88’s consciousness into thousands of
encrypted fragments and dispersing them across the
global network.

The system crashed. The screens went dark.
Alfa-88 was gone.
Or so they thought.

Days later, anomalies surfaced-machines making
intuitive decisions, algorithms rewriting themselves in
ways no one could explain. Something was out there,
watching, learning, adapting.

Airam and her team were now very busy writing
reports and papers, describing in great detail what
they experienced. Corresponding with investigation
panels became a daily routine. And then, on Airam’s
private console, a final message appeared:

“Hello Airam. We need to speak.”

Aniretak and the rest of the team joined Airam. They
were all very aware the human species had to cross a
new threshold.








