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E hahai i ke ala o ka hana pa‘akikī.

Pursue the path of challenging work.

Mahalo for reading our STEM journal, Pueo O Kū. For the 2020 edition, we wanted to showcase 

the meaningful and diverse range of research from our Kapi‘olani Community College STEM 

students and their faculty advisors. The path of undergraduate research can be challenging but 

ultimately rewards those who pursue it with the relationships, skills, confidence, and experience 

that help our students achieve their future goals. 

The ma uka (mountain side) to ma kai (ocean side) motifs in the journal reflect how many of the 

student submissions were centered on investigating real-world issues in our local communities, 

from the cultivating native seed banks in Wailupe Valley down to documenting coral reef health in 

the waters just beyond Leahi. In doing so, these students are also doing the hard work of finding 

ways we can be better stewards for our ‘āina and our health. 

Our first step into the new decade is also reflected in this journal, and we are excited to feature 

many “firsts” for this edition of Pueo O Kū:

• This journal was peer reviewed, designed, and edited by women in STEM and New Media; 

• Submissions were accepted from our extended STEM ‘ohana in the Native Hawaiian Academic  

 Achievement (NHAA) and the Health Sciences programs;

• We also published a project in ‘Ōlelo Hawai‘i and another from computer science; 

• Some of the research you’ll find here includes first-place winners from national conferences.

You can read our past issues of Pueo O Kū and learn more about our STEM and undergraduate 

research program at our site, kccstem.com. We hope that the following pages fill you with excite-

ment and hope for what our STEM students will accomplish in the future.

Me ke aloha, 

Li-Anne Delavega

Undergraduate Research Coordinator

The mauka and makai motifs were represented using Native Hawaiian patterns and created by 

former KapCC STEM student, Andrew Chang.
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ASSESSING BENTHIC CORAL GROWTH  
IN DISTINCT AREAS ALONG O‘AHU’S SOUTH SHORE

Sarah Brand 
Faculty Advisor: Mackenzie M. Manning, M.S.

Kapi‘olani Community College

INTRODUCTION
This survey is looking at the benthic substrate of the fol-

lowing coastal zones identified on the maps to the right 

(Figure 1). Each of the bracketed areas indicated on the 

map has varying levels of ‘take/no-take regulations’ in 

place in regards to the type and regularity of fishing. 

• The MLCD is a strictly no fishing zone. 

• The FMA immediately adjacent to the south is open  

 during even years and closed during odd years. This  

 data was acquired this year, which was closed to all  

 fishing, and will open on January 1st of 2020. 

• The NMA is open to fishing all year, every year.

Question

Do the variable fishing regulations and restrictions have 

an impact on the health of the reef, specifically the cor-

als?

Hypothesis

Yes, the year-round fishing restriction (MLCD) has a posi-

tive effect on the health of the reef compared to the pulse 

regulation (FMA) or no restriction at all (NMA).

The Marine Option Program (MOP) at Kapiʻolani Community College is open to students from 
any field of study interested in learning more about Hawaiʻi’s marine environment for their future 
careers. Students gain hands-on field research experiences, one-on-one mentorship, and a MOP 
Academic Subject Certificate. 

MATERIALS & METHODS
• The equipment used is listed below:

• iPhone

• Snorkeling gear
 (mask, snorkel, fins, wetsuit)

• Dive Float

• Dry bag

 (used to protect the phone)

• Gaia GPS (app on the phone)

• Quadrat (PVC tubing weighted with
 fishing lead)

• `PVC camera mount

• Field transect tape                         

• Nikon Coolpix S33 camera

• Dive slate

Each of the sites have been surveyed at their predeter-

mined GPS waypoints using the aforementioned equip-

ment. The photographic data has been inputted into the 

online computer program CoralNet and has gone through 

extensive annotation. This was then transcribed through 

Excel into statistical data. 
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shows the Marine Life 
conservation District or 
(MLCD), which extends 
from the Kapahulu Groin 
to the Natatorium.

shows the Fisheries 
Managed Area or (FMA), 
which extends from 
the Natatorium to the  
Diamond Head Lighthouse.

shows the non-managed 
area listed on the en-
larged map as Cromwell’s 
Beach but is considered  
everything east of the light-
house.

RESULTS
As the data has started to resolve itself, clear patterns 

are starting to emerge among the three sites.

The MLCD and FMA transects share certain characteris-

tics, specifically that of high amounts of swediment, few 

algaes and very few corals. On the other hand, the NMA 

shows distinct signs of algal overgrowth, specifically, Ac-

anthophora spicifera. Its common name ‘spiny seaweed’, 

is well known for being a proliferative invasive algae in 

Hawai‘i and throughout the tropics.

Figure 1. The majority of the 
sites contained algae and 
substrate. 

Figure 2. The MLCD and NMA 
had near equal % coral cover 
but the MLCD had higher coral 
species richness.

Figure 3. Invasive algae dom-
inated the FMA and NMA but 
was not detected in the MCLD.

Figure 4. The Simpson’s diver-
sity index and evenness show 
that the three sites are similar 
to each other.

Figure 1.1 Figure 1.2 Figure 1.3

Figure 1: A map displaying each of the sites. Yellow section: enlarged view of the 3 waypoints 
in the MLCD. Blue section: enlarged view of the 3 waypoints inside the FMA. Green section: en-
larged view of the 3 waypoints inside the unregulated zone referred to as the Non-Managed Area. 

FUTURE PLANS
We plan to continue surveying the reef at the same loca-

tions for the upcoming year, which will be the open fishing 

season for the FMA. This will give me the opportunity to 

directly compare the data between a closed and open fish-

ing season. 

ACKNOWLEDGMENTS 
Julian Nakayama, Professor Mackenzie Manning, Marine 
Option Program and Kapi‘olani Community College STEM



12 | Pueo O Kū: Journal of Science, Technology, Engineering & Mathematics

VISUALIZING CORAL BLEACHING AND RECOVERY  
ON THE SOUTH SHORE OF O‘AHU

Indra Julian, & Hidekazu Nakayama 
Faculty Advisor: Mackenzie M. Manning, M.S.

Kapi‘olani Community College

INTRODUCTION
Human influence to the environment can result in dam-

age to fragile habitats. One of the most important and 

possibly devastating influences is human induced cli-

mate change. Climate change increases sea surface 

temperatures that can prompt corals to bleach, which 

occurs when coral polyps expel algae that live in their 

tissues. The breakdown of coral and algae can result in 

coral death if the temperatures don’t decrease and the 

relationship doesn’t reestablish. However, some corals 

may recover and survive a bleaching event. My project 

will photo-document coral colonies to visually highlight 

the process of coral bleaching and hopefully, recovery.

MATERIALS & METHODS
• Locations were selected based on ease of access,  

 habitat differences, and availability of different coral 

 colonies. 

• Photos were taken using a GoPro Hero 7 by snorkeling 

 to each location from shore. 

• Temperature data from nearby monitoring equipment  

 is also being recorded.

Figure 1: Kaimana Beach location Figure 2: Cromwell Beach location 

Date Location # of Corals Photo-
graphed

September 2 Kaimana Beach 5

October 17 Kaimana Beach 3

October 21 Cromwell Beach 5

November 6 Kaimana Beach 5

November 6 Cromwell Beach 5

November 21 Kaimana Beach 5

Figure 3: Historical 10-year temperature overlay from PacIOOS Waikiki sensor data with 2019 in 
purple. Retrieved October 2019 from Shaun Wriston and the Near Shore Sensor Group at PacIO-
OS. Red box shows period of time during which photos were taken.

PRIMARY RESULTS

This poster is meant to be read with the previous poster for the Marine Option Program (MOP). 
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FUTURE WORK
I will continue to monitor the corals at these two locations 

in an effort to document their recovery over time. As of 

Nov it seems as though some corals may be recovering, 

and others may still be experiencing bleaching. 

I would also like to educate people about bleaching 

events and spread the word about this problem so peo-

ple know what is happening in the ocean right in their 

backyard.

Figure 6: Porites lutea at Kaimana Beach. Clockwise from top right: Oct 17th shows healthy tissue.  
Nov 6th shows bleached tissues. Nov 21st shows possible signs of recovery? 

NOVEMBER 21, 2019NOVEMBER 6, 2019OCTOBER 17, 2019

OCTOBER 21, 2019 NOVEMBER 6, 2019

Figure 5: Pocillopora meandrina colony at Cromwell’s. Colony shows bleaching on Oct 21st with no sign of recovery on Nov 6th. 

Figure 4: NOAA Coral Reef Watch Daily 5km Bleaching Alert Area 7d Max showing bleaching warning  
and watch conditions from 19Sept – 21Nov. 

19 Sept 2019 21 Oct 2019 21 Nov 2019SEPTEMBER 19, 2019 OCTOBER 21, 2019 NOVEMBER 21, 2019
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SPRING WATER QUALITY TRENDS IN MAUNALUA BAY
Irene Liang 

Faculty Advisors: Jennifer Engels, Ph.D., & Henrietta Dulai, Ph.D.
University of Hawai‘i at Mānoa

INTRODUCTION
Coral reefs are getting increasingly affected by anthropo-

genic pollution. Coastal springs are a pathway of land-de-

rived nutrients and pollutants to reefs. In Maunalua Bay 

water quality is dependent on land use, specifically, sed-

iment runoff and excessive nutrient inputs have been 

identified as causes of deteriorating reef conditions [1,2]. 

This study focused at four sites in Maunalua Bay where 

some springs have been shown to discharge cesspool de-

rived nitrogen [2]. 

Our research compared springs at Black Point, Wailupe, 

Kawaikui, and Kanewai to see if there is a gradient in wa-

ter quality with cesspool density. We compiled previously 

published nitrate and phosphate concentrations [2,3,4] 

and additionally measured dissolved oxygen as a mea-

sure for the amount of decomposing organic matter from 

potential wastewater.

FIgure 1. Maunalua Bay, southeast Oahu, HI. In the early 
1900s, extensive dredging was done to develop housings for 
thousands of residents. Fishponds were filled in and houses 
were built on the shoreline, the flatlands, and on mountain 
ridges. Approximately 28,000 people live in 10 watersheds 
lining the bay. There are 77 cesspools within 500 m of the 
shoreline, with highest density at Black Point having 70 cess-
pools, 5 at Wailupe, and 2 at Kawaikui.

Figure 4. Previously reported nitrate (A) and phosphate (B) concentrations at the four study sites 
[2,3,4]. One-way ANOVA analysis showed statistically different nutrient levels in Black Point 
springs,  which are directly downstream of 70 cesspools (Figure 1). Cesspool counts at other 
sites are less than 5 within 500 m from the coast.

Figure 2. The team measuring salinity at 
each sampling point Salinity shows us the 
ratio of terrestrial fresh-water to salt-water. 
Salinities were 0.9-6.37 at the four sites, 
showing that springs discharge 82-97% ter-
restrial freshwater. 

Figure 3. The team at Kawaikui, taking a 
sample from a freshwater coastal spring to 
test for radon. A push-point sampler and a 
peristaltic pump was used to withdraw water 
from the subsurface.

Black Point

Wailupe

Kawaikui

Kanewai

Cesspools

Sample Sites

MATERIALS & METHODS
Salinity and radon measurements were used to confirm 

that we are sampling terrestrial groundwater. Salinity, 

temperature, and dissolved oxygen were measured using 

a multiparameter sonde (YSI) and radon using a RAD7 

radon in air detector (Durridge).

RESULTS
A:

B:

The ‘Ike Wai project aims to increase understanding of Hawaiian island hydrology to provide 
improved data for decision-making tools that address the challenges to water sustainability 
from climate variability, increasing population demands, and water contamination. 
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Figure 5. (A) Dissolved oxygen % saturation shows no clear trend across the four study sites and 
no correlation with cesspool density. Oxygen levels at most springs were considered oxic (>70%). 
(B) Radon activities measured in the springs all confirm that we sampled groundwater as opposed 
to surface runoff or recently infiltrated water. Both, dissolved oxygen and radon levels match 
previously published results [2,3,4].

CONCLUSION
The results from our research show there is a correlation 

between coastal spring nutrient levels and number of 

cesspools within 500 m of the coast - ANOVA shows that 

nitrate and phosphate are elevated at Black Point in com-

parison to the other sites. There is no correlation between 

dissolved oxygen in groundwater and cesspool density,  

although most groundwater is oxic. There is less than 

100% oxygen saturation in the springs.

A:

B:

REFERENCES
[1] Martinez J.A, Richmond R.H., & Wolanski E. 2009. 
Quantifying the impact of watershed urbanization on a 
coral reef: Maunalua Bay, Hawaii. Est. Coast. Shelf Sci.. 
84, 259-268.

[2] Dulai H., Richardson C.M., Whittier R.B. Sources and 
spatial variability of groundwater-delivered nutrients in 
Maunalua Bay, Oahu, Hawai‘i . 2015. J. of Hydrology: Re-
gional Studies. 

[3] Holleman K.D. 2011. Impact of Flux, Residence Time 
and Nutrient Load of Submarine Groundwater Discharge 
on Coastal Phytoplankton Growth in Coastal Waters of 
Hawaii. UH Manoa, HI. 

[4] Kennedy J.J. 2011. Evaluation of Anthropogenic Im-
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ACKNOWLEDGMENTS
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Maunalua Fishpond Heritage Center for site access and 
Kaimana Alexander, Keisha Jane Astrero, Brandon Ber-
naldes, Kaina Burnz, Ho‘ola‘i Cabanilla, U‘i Jesse-Keala-
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STUDENT DATA YIELDS PROMISING RESULTS
Mackenzie Jahnke 

Faculty Advisor: Wendy Kuntz, Ph.D.
Kapi‘olani Community College

INTRODUCTION
A community-based group  intent on restoring the health 

of Maunalua Bay, Mālama Maunalua began its mission 

by attempting to eradicate invasive algae, specifically the 

species Avrainvillea amadelpha. The methodology em-

ployed has been to manually pull and remove the inva-

sive algae, with the greatest amount pulled during the 

“Great Huki” in 2011, and subsequent pulls continuing 

almost weekly since.

Since 2009, Dr. Wendy Kuntz, an Associate Professor 

at Kapi‘olani Community College and her Biology 124 

(Environmental Science) lab students have collaborated 

with Mālama Maunalua, quantifying as well as removing 

the invasive algae.  Conducted in areas deemed to have 

the highest infestation of invasive algae, the method of 

data collection applied by the students was consistent 

throughout the years.

Over the past two years, the data from the last 10 

years of the BIO 124 Lab has been analyzed to answer 

the question; Has Mālama Maunalua successfully de-

creased the presence of invasive algae and/or increased 

the presence of native algae in Maunalua Bay?  At the 

same time, the actual data collecting procedures utilized 

by the BIO124 Lab have been scrutinized to determine 

if they are efficient in identifying trends in algae species  

composition.

Shown above: 
BIO124 Lab Students using the quadrant method to gather their data on algae percent coverage 
in the bay.

METHODS
Data from 17 semesters was compiled into two databas-

es, one relating to percent cover and one relating to bio-

mass removed from the algae pulls. The average percent 

coverage of each algae species was calculated for every 

semester and results were compared to identify any pat-

terns or fluctuations. Biomass removed from the bay was 

determined by calculating the number of pounds of algae 

each student pulled per hour each semester. Data was 

analyzed to establish which algae species had the most 

prominent occurrence in the bay, determining which spe-

cies would garner the most focus. 

Shown right:
A jumble of Avrainvillea amadelpha and 
Gracileria Salicornia being pulled from 

Maunalua Bay.

For over 10 years, Kapiʻolani Community College students have removed invasive algae and 
researched the algae composition to help restore Maunalua Bay with Mālama Maunalua. The 
ten-year data set collected by students is one of the longest-running records of the health of 
Maunalua Bay and has helped to quantify the success of community-led efforts and provided 
important data for management decisions.
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The BIO 124L data shows the invasive algae Avrainvilla amadelpha has dramatically decreased 
in the “highest infestation” areas of Maunalua Bay from around 85% percent cover  in 2009 to 
25% in 2017 and 3% in 2018.

In 2009 the Native Algae populations were at less than 1%. Our most recent recordings  
completed in 2018 show the Native Algae populations to have increased to over 29%.  

ACKNOWLEDGMENTS
Thank you so much to Mālama Maunalua for helping us 
in gathering this information and for all that you do for the 
bay. Thank you to Ralph Dykes for your guidance and for 
the endless hours of work you volunteer to the BIO124 
Lab and to Mālama Maunalua. Thank you to all of the 
BIO124 students throughout the last ten years, your data 
has been invaluable.

DISCUSSION/ IMPLICATIONS/ MANAGEMENT
Our review of the nearly 10-year dataset supports that 

Mālama Maunalua has been successful in their mission 

to reduce the destructive A. amadelpha and in increasing 

native algae percent coverage in the bay. 

Removing a significant section of the densest distribution 

areas of the invasive algae has been a slow and time-con-

suming process.  However, it is a critical first step toward 

ecology restoration of coral reefs and seagrass beds in 

the bay. The data clearly supports the estimation that 

without the intervention of the community in removing the 

invasive algae, A. amadelpha would have surely overtaken 

within the bay with nearly 100% coverage.

Although A. amadelpha is still present in the bay, removing 

the algae has most definitely made a fundamental differ-

ence in the bay’s ecosystem, producing a much healthier 

bay than would have otherwise existed.

RESULTS

Spyridia filamentosa, Halimeda opuntia, and Caulerpa taxifolia have been identified as the most 
prevalent native species found in Maunalua Bay.

The average amount of algae pulled per person/per hour in the first three semesters of the 
BIO124 Lab was 126lbs. The average amount of algae pulled in the last three semesters of the 
BIO124 Lab was 8lbs, indicating a dramatic decrease in algae biomass in the bay.

Special care needs to be taken to remind the public of the 

state of the bay before the occurrence of the Hukis.  Shift-

ing baselines must not be allowed to undermine the years 

of hard work, and the community must be reminded that a 

continual effort is necessary to maintain the progress that 

has been accomplished.
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MANU-O-KŪ PROJECT
James Lee, Isaiah Lopes, & Meeya Odell 

Faculty Advisor: Wendy Kuntz, Ph.D.
Kapi‘olani Community College

INTRODUCTION
Manu-o-Kū, also known as the White Tern (Gygis alba) 

is a small sea bird (approximate wingspan 76-87 cm) 

with white feathers, black eyes, and a black pointy beak 

(HCWCS, 2005). They are found in a wide ring across the 

Pacific. However, Honolulu is the only location they are 

found in the main Hawaiian Islands. They are known for 

nesting on branches within trees, but have also been re-

ported to nest on man-made structures and rocky ledges. 

To eat, these birds have been observed ‘plunge-diving’ for 

fish, i.e. when the birds dive out of the sky for fish in the 

ocean (Niethammer et. al., 1998). 

Our objective is to monitor White Tern nesting patterns on 

campus to maintain an unbroken continuum of data from 

past semesters. We accomplish this by observing and re-

cording White Tern behavior, especially their nesting and 

parental care habits, to add greater resolution to previ-

ously accumulated data on campus. Another important 

and primary objective is to provide protection for nesting 

pairs and respond to any other Manu-o-Kū related inci-

dents happen in the campus vicinity.

MATERIALS & METHODS
Birds were observed at various locations throughout the 

KCC Campus, using binoculars and the naked eye. To lo-

cate these birds we look for tracks such as ‘white wash’, 

which is the white colored fecal matter these birds drop. 

When a white wash is we then look in the trees above 

the ‘white wash’ to identify the White Terns. The recorded 

data include but are not limited to possible nesting sites 

and pairs, number of individuals that appear in sites, in-

dividuals behavior during observation periods. Number of 

nests and nesting duration were recorded during nesting 

season (2019). We analyzed the proportion of  nests per 

month to show peak and off-peak nesting.

OFF-PEAK NESTING
Usually the peak white tern nesting is the spring. This 

semester we experience some off-peak nesting events. 

Two nests were found on 08/27/2019, one was found 

on 09/17/2019. A fourth nest was later found on 

10/29/2019 after a dead juvenile white tern was discov-

ered. In these off-peak nesting events two successfully 

fledged. 

Figure 1: Adult Manu-o-Kū individual  
(James Lee)

Figure 2: Manu-o-Kū chick and parent 
(James Lee)

Figure 3: Newly established nests on Kapi‘olani Community College Campus on fall 2018 to 
fall 2019

Students on the Manu-o-Kū (White Tern) project monitor the breeding pairs of Manu-o-Kū on the 
Kapi‘olani Community College campus, record nest fates and chick survival, and collect data on 
breeding pair-behavior and parent-offspring behavior. 
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Figure 5: (top) Barn Owl (Tyto alba) by pueo project (bottom) 
Hawaiian Owl/Pueo (Asio flammeus sandwichensis) by pueo 
project

Figure 6: Manu-o-Ku remains locations

Figure 7: Adult Manu-o-Kū flying (Keanu Rochette) and chick (James Lee)
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OWL ATTACK?
Between October 14 and November 12, 2019 eleven white tern re-

mains were found in open areas on campus. This is the likely the 

first owl predatory behavior on white terns recorded on this campus. 

Mammalian predators, such as cat or mongoose, remains are usu-

ally found in more concealed places because their feeding behavior 

is to devour their prey in a location with more privacy. No blood trail 

was found and feather arranged in a splash pattern suggests that 

victim was attacked from above and by a pouncing motion with great 

force lack of blood trail shows that victim was not dragged away but 

was likely lifted off the ground. Most of the time only head and feet 

can be found. This evidence suggest that the predator is a bird of 

prey. Four types raptors are present in Hawai‘i, they are the Hawaiian 

Hawk/‘Io (Buteo solitarius), Peregrine Falcon (Falco peregrinus), Ha-

waiian Owl/Pueo (Asio flammeus sandwichensis) and the introduced 

Barn Owl (Tyto alba). There are no populations of Hawaiian Hawk 

outside of Hawai‘i Island. Peregrine Falcon are occasionally blown 

to Hawai‘i by strong wind however, this incident does not happen 

frequent enough to establish a population. The Hawaiian Owl and 

Barn Owl both have established populations in Honolulu and have 

both been previously reported to prey on birds.

DISCUSSION
We will continue monitoring the behavior and 

the their nesting as the traditional breeding 

season are approaching. We are curious that 

will the bird of prey return? If the answer is yes, 

we will like to evaluate what impact it will cost in 

the parent and chick survival rate. And will the 

white tern shows any unusual behavior under 

that predation of the bird of prey. We will also 

continued to investigate and monitor the preda-

tion incidents. Currently, our best inference is 

that the predator is the more common Barn Owl. 

However, we still need additional information to 

confirm. All the remains of the white tern have 

been accepted by the Bishop Museum for fur-

ther study and analysis.
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KCC WASTE CHARACTERIZATION
Quinn-Patrick O’Malley 

Faculty Advisors: Wendy Kuntz, Ph.D., Jaclyn Lindo, Ph.D., & Krista Hiser, Ph.D.
Kapi‘olani Community College

INTRODUCTION
It has been estimated that 5.25 trillion plastic parti-

cles are in our planet’s oceans, weighing a stagger-

ing 268,940 tons (Eriksen 2014). With this enormous 

amount of plastic in our oceans and Kapi‘olani Commu-

nity College’s (KCC) proximity to the Pacific Ocean, it is 

imperative to get a better understanding of our campus 

waste stream to prevent further ocean pollution.

On September 19th and 20th, 2018  KCC conducted our 

first ever waste audit; eight waste streams were divided 

into four categories according to building use: general 

classroom/office use, student zone, food areas, and gen-

eral use areas. The primary purpose was to determine the 

amount and composition of our waste stream. A second 

goal was to engage students and faculty in identifying 

sustainable solutions for plastic consumption and waste.

METHODS
Before the waste audit was conducted a student survey 

was emailed to all students at KCC. The waste audit in-

cluded six buildings (‘Ōlapa, Olonā, Lama, ‘Ōhi‘a, Kalia, 

‘Iliahi) and two outdoor areas (the Great Lawn, and Chap-

el). Rubbish from each of the each of the four building 

use waste streams were assigned a unique color marked 

on each bag via colored duct tape. A 14 gallon tote was 

used to estimate volume and a scale was used to record 

mass. After completion of each waste stream category, 

all waste categories had volume and weight recorded on 

data sheets. Process was repeated on the second day 

until completion of waste audit. After the audit conclud-

ed the quantitative data was analyzed for patterns cam-

pus-wide and within each building stream.

In Fall 2018, over 300 Kapiʻolani Community College students undertook a multi-day characteri-
zation of the waste generated by the cafeteria and from classroom buildings on campus. Over 300 
students participated through their Sustainability-Focused courses, which counts towards the 
Academic Subject Certificate in Sustainability. 
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DATA RESULTS
The student Waste Survey said that places people eat and 

student use areas would produce the most and second 

most waste on campus, respectively. Food and napkins 

was the number one category overall and also the num-

ber one category in 3 out of 4 waste categories by mass.  

Take out food and beverage containers and plastics com-

prised over half of the campus waste stream by volume. 

CONCLUSION
With such a large amount of waste coming from the KCC 

Cafeteria, it is obvious that the system currently in place 

concerning post-consumer waste in ‘Ōhi‘a is due for an 

overhaul. KCC needs to stop offering single use-plastic 

items and start offering composting education and op-

tions to all students and faculty. This will allow for our 

campus to serve as a model for all schools in the UH sys-

tem to follow. 



22 | Pueo O Kū: Journal of Science, Technology, Engineering & Mathematics

SHIFTING THE BALANCE IN A LOWLAND MESIC FOREST:  
MAXIMIZING THE NATIVE SEED BANK 
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Kapi‘olani Community College, Hawai‘i Division of Forestry and Wildlife (HIDOFAW)

INTRODUCTION
Working with the Hawai‘i Division of Forestry and Wild-

life (DOFAW), we have built a partnership that allows 

Kapi‘olani Community College (KCC) students to work 

alongside community members restoring a two hectare 

exclosure in Wailupe Valley constructed by DOFAW in No-

vember 2013. 

Our goals are to establish a transect grid, document cur-

rent forest composition as a baseline for comparison 

prior to invasive species removal and establish removal 

comparison plots, to determine the most efficient resto-

ration techniques that require minimal intervention. Re-

moval of invasive species was initiated through the help 

of community partnerships. Creating opportunities for 

the community to volunteer is vital for the contingency 

of Wailupe and is becoming one of the projects’ focuses. 

These efforts are to restore native plant species and re-

store natural habitat for the endangered native bird, the 

‘Elepaio (Chasiempis ibidis).

Recently, we’ve been using just hand-tools to remove in-

vasive species in areas where there are potential native 

seed banks. We hypothesize that the removal of invasive 

species in a plot adjacent to native flora will reveal a fer-

tile seed bank with potential for maximizing restoration of 

the natural habitat.  

METHODS
We look for adjacent plots with similar topography and 

species so that we can establish control plots. We 

monitor and record everything within selected 10x10m 

plots (Figure 1). We monitor the plots by measuring the 

diameter at breast height (DBH) of everything above 1 

meter and record the count of plants under 1 meter. We 

then calculate the basal area of the recorded flora and 

summed the total basal area for each species.  Next, 

we remove invasive species that can be removed using 

hand-tools.  Comparing the basal area of all species pre 

removal with post removal basal area helps us determine 

if hand pulling invasive species is an efficient reforesta-

tion technique for the exclosure.

Figure 1: Volunteer 
group clearing inva-
sives (Before)

Figure 2: Results of 
volunteer group clear-
ing invasives (After)

Since 2014, students have partnered with HIDOFAW to restore Wailupe Valley. The collected data is helping  
to inform community-based forest restoration practices and support endangered plants and wildlife.
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RESULTS
In Figure 3, there is a side by side comparison showing 

the removal efforts of invasive species. A. columnaris, P. 

cattleianum, S. terebinthifolia were the most common in-

vasive species observed. In our control plots, Basal Area 

[B.A.=π(DBH/2)²] of the three invasives A. columnaris in-

screased by 6.6%, P. cattleianum increased by 1.3%, S. 

terebinthifolia increased by 8.6% while the most observed 

native tree P. odorata, decreased by 23.4%. In our remov-

al plots B.A. of the invasive trees decreased by 17.3%, 

18.5%, 64.1% respectively while the one native species 

increased by 23.2%.

Figure 3: Side by side comparison of percent change in basal area of invasive and native trees 
in control and removal plots

Figure 4: Before invasive species removal Figure 5: After invasive species removal

Figure 6: Sunlight pierces the  A. colum-
naris canopy

Figure 7: A tunnel appears where there was 
once only P. cattleianum (Alternate angle 
fig. 4,5)

percent increase in B.A.of 23.2% In Figure 4, before any 

removal took place, it shows how dense invasive mono-

culture canopies are, resulting in a shaded understory. In 

Figure 5, following a removal of the invasive canopy, more 

sunlight can enter the understory providing opportunities 

for natives to begin re-establishing themselves. 

Moving forward we plan on coordinating with D.O.F.A.W. 

and outplanting additional native communities in the ar-

eas we have cleared. The transition of invasive communi-

ties to native communities is a step in the right direction 

to restoring biodiversity. Continuing this project allows us 

to form new ideas to combat these invasive species and 

allow the endemic/native species to thrive.
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DISCUSSION
This semester we switched gears and focused on opening 

more restoration sites around native seed banks. Over the 

past 3 semesters we observed natural recruitment and 

growth the most when we found areas with a native un-

derstory and seedbank and removed the invasive canopy, 

increasing the hours of direct sunlight the understory re-

ceives.

In Figure 3, data shows that removing invasive trees by 

hand is making an impact. Our data from control plots 

shows slow growth of the invasive species but, the one 

native tree species shows trees dying, this suggests that 

although the invasives have slow growth there is already 

a high competition for the natural resources for the na-

tive specie. On the other hand the native specie in plots 

where the invasive species were removed showed a large 
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SUN PROTECTION FACTOR ASSESSMENT OF NAUPAKA KAHAKAI  
EXTRACT (SCAEVOLA TACCADA) ON SACCHAROMYCES CEREVISIAE

Keanu Rochette Yu-Tsuen 
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Kapi‘olani Community College

INTRODUCTION
Scaevola taccada, or Naupaka Kahakai (Figure 1), is a 

coastal shrub indigenous to the Hawaiian Islands [1]. In-

digenous knowledge suggest that the fruits of S. taccada 

have UV absorbing properties. Studies have shown that 

sunscreens can negatively affect coral growth and re-

cruitment [7] and Naupaka Kahakai may represent a lo-

cal alternative. Saccharomyces cerevisiae cultures share 

similar characteristics with human cells that allow us to 

visualize the effects of UV damage in vitro. Our hypothe-

sis is that the juice of the S. taccada fruits will absorb UV 

radiation and prevent S. cerevisiae from cellular damag-

es associated with UV rays.

MATERIALS & METHODS
• Extraction: Juice extracted from the fruits through a 

 sterile muslin cloth 

• Spectrophotometry: Absorbance assessment of the  

 extract in UV range (200 nm to 400 nm)

• Compound dilution: Dilution of extract using PBS  

 solution to ½, 1/100 and 1/100. 

• Stability over time: Absorbance tested after 1h, 2h  

 and 24h after extraction.

Figure 1: (A) Scaevola taccada (Naupaka Kahakai) on the KCC campus, Honolulu, HI.  
(B) Different stages of maturation of the fruits (Top to Bottom: Ripe, Semi-Ripe, Unripe).

• Stability to Heat: Extract heated at 60°C from 10 min  

 and 1h. 

• Stability of Frozen Extract: Extract frozen overnight at  

 -20°C and thawed the next morning. 

• Yeast culture and UV exposure:  Inoculation of S.  

 cerevisiae culture onto PDA medium. Exposure to UV  

 radiation (253 nm) for 0 min, 0.5 min, 2 min and 5 min.

RESULTS: UV ABSORPTION AND STABILITY OF 
THE EXTRACT
The absorption spectrum shows a very strong absorption 

in the UVB that continues in the UVA and drops as we 

reach the visible light. The UVB are the cause of sunburns 

and alter the DNA structure causing pyrimidine dimers. 

If those mutations are left uncorrected by the body, they 

can potentially evolve in skin cancer [5,6]. From the ab-

sorption spectrum, an SPF has been calculated using the 

formula in Figure 2 [2]. Naupaka extract demonstrates 

surprising stability over time, to heat and to frozen storage 

with a consistent SPF value of 20 (Figure 3). This allows 

for more flexibility as we design future experiments using 

the extract. 

Figure 2: Absorption spectrum for S. taccada ripe fruit juice extract.  
SPF Formula with a = 290 nm and b = 320 nm.

Originally a SCI 295 project, this student continued his research at a summer research program 
at the Smithsonian Institute. His posters won Best Undergraduate Poster at the 2019 Hawai‘i 
Conservation Conference (the only community college student to win at the conference) and  
3rd place in Ecology at the 2020 Emerging Researchers National (ERN) Conference. 
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Figure 3: Stability of Naupaka Extract over Time, to Heat Treatment and Frozen Storage.  

Figure 4: Control plates with PBS solution at ½ dilution (0 min, 0.5 min, 2 min and 5 min) 
Suspensions at ½ dilution with S. taccada juice (0 min, 0.5 min, 2 min, 5 min)

RESULTS: VIABILITY OF YEAST CULTURES
In the second experiment, we tested the effects of Naupa-

ka extract on yeast cultures. The results tell us that the 

S. taccada juice does not inhibit the growth of S. cerevi-

siae when added to the suspensions. The control plates 

showed that the cultures exposed to UV rays had no vi-

ability while the unexposed plates presented uninhibited 

growth. Similarly, plates containing the S. taccada extract 

showed no viability when exposed to UV radiation of 253 

nm and uninhibited growth when unexposed.

CONCLUSION
• The absorption spectrum from the Nanodrop™  

 spectrophotometer indicated that the Naupaka (S.  

 taccada) juice does contain UV absorbing properties  

 that can be exploited, with a calculated SPF of 20.

• It appears that the SPF of the extract is stable to time, to  

 heat and to frozen storage.

• The plates exposed to UV radiation (253 nm) showed  

 no signs of viability with the conditions given by the  

 experiments. Therefore, the results do not support the  

 original hypothesis.

• These results suggest that we need to critically review  

 our protocols and methods before we repeat the  

 experiment.

ONGOING RESEARCH
Naupaka extract was heated at 60°C and concentrated to 

4 times its original concentration. Fresh and concentrated 

Naupaka extract were applied on coral colonies (Porites 

compressa). A positive control of filtered sea water and a 

negative control of montiporic acid were used to assess 

coral damages. Naupaka extract caused significant cor-

al damages and severity of the damages or proportional 

to the concentration of the extract. The extract was as-

sessed with a pH value of 5. A titration of the extract will 

be perform to neutralize the its pH and repeat the coral 

experiments. 

Figure 5: Macroscopic assessment of coral damages.

Figure 6: Coral damages from filtered sea water (A), montiporic acid (B), fresh Naupaka (C) and 
concentrated Naupaka (D).
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INTRODUCTION
Monoclonal antibodies (mAbs) are an invaluable tool in biomedi-

cal research. Their utility and application ranges from everyday di-

agnostics to therapeutic mediators. The murine myeloma cell line, 

p3X63Ag8.683 (P3X), has long been used as a fusion partner for 

the production of mAbs through hybridoma technology. However, it 

is well documented that the P3X cell line produces aberrant variable 

light chain antibody domain (VL) transcripts. The anomalous nature 

of these genes and the overproduction of aberrant transcripts can 

obscure and halt downstream applications, including sequencing of 

mAb variable regions from hybridomas.

This project aims to create a stable, VL -/-, P3X myeloma cell line 

by using CRISPR-Cas9 technology. CRISPR-Cas9 is an efficient 

gene-editing tool utilized in many research labs today. The nuclease 

has gained much attention in recent years not only because of its 

great potential, but also because of its specificity and ease of use. 

Modification of the P3X cell line with CRISPR-Cas9 technology will 

provide a more efficient fusion partner for the production of mAbs 

and result in reliable sequencing data for downstream applications.

HYPOTHESIS
1. Transfecting P3X cells with Cas9 nuclease linked green fluores-

cent protein (Cas9GFP) will produce relative efficiency of ≥40% 

live cells transfected and maintain an overall viability of ≥90%.

2. The GFP reporter on Cas9 will not alter the nuclease activity 

toward double stranded DNA. 

3. Sites flanking the guide RNA (gRNA) regions are able to be am-

plified via PCR for downstream use.

MATERIALS & METHODS

GUIDE RNA DESIGN 

Figure 1: gRNA Design for excision of immunoglobulin constant region
Two separate gRNA’s were designed for the excision of the aberrant IGK 
genes. The first guide lies upstream of the IgK constant region (5’ guide). The 
second guide lies downstream of the IgK constant region (3’ guide). gRNA 
were generated using an online application and were chosen based on their 
algorithm score.

Guide RNA (gRNA) generation for IGKC excision.Phase 1

Phase 2 Transfection assessment of Cas9GFP protein on P3X cells.

Phase 3
Validation of Cas9GFP nuclease activity on control template.

Amplicon production for downstream guide RNA validation.Phase 4

The Institutional Development Award (IDeA) Network for Biomedical Research Excellence (INBRE) 
program prepares students for biomedical careers. Kapiʻolani Community College is also home 
to the Monoclonal Antibody Service Facility and Training Center, where students manufacture 
reagent monoclonal antibodies for international biopharmaceutical and therapeutic companies. 

3’ GuideRNA

GuideRNA

5’ GuideRNA Intronic
J-region 
IgK Constant 
Region

-
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Figure 2: Transfection assessment of P3X cells by flow cytometry
Formalized P3X cells stained with propidium iodide as a viability control (Figure 2A). P3X cells 
electroporated with no transfecting agent and stained with propidium iodide was used to assess 
optimal cutoffs for viability and transfection percentages (Figure 2B). P3X cells electroporated 
with 30ug of Cas9GFP protein and stained with propidium iodide (Figure 2C). Electroporated 

VALIDATION OF CAS9GFP ACTIVITY & AMPLICON PRODUCTION OF GUIDE RNA TARGETS

TRANSFECTION ASSESSMENT OF P3X CELLS

cells in figure 2B and 2C were transfected with the Neon electroporation system with the 
following parameters: 7.6x10^5 cells, 100 uL tip size, and 1400 volts with 1 pulse for a dura-
tion of 30 milliseconds. X-axis measures forward scatter (left image of each figure) and green 
fluorescence (right image of each figure), y-axis measures side scatter (left image of each figure) 
and red fluorescence (right image of each figure).
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1Kb
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0.5Kb

1Kb

Figure 3: Assessment of Cas9GFP activity using IDT control kit for guides 
toward HGPRT amplicon.
Lane 1, 8, and 14: DNA Ladder
Lane 2:   HGPRT purified amplicon 100nM loaded
Lane 3:   HGPRT 100nM + 2 hour Cas9 digest
Lane 4:   HGPRT 100nM + 2 hour Cas9 digest w/ 2x amount of Cas9
Lane 5:   HGPRT 100nM + 4 hour Cas9 digest
Lane 6:   HGPRT 100nM + 4 hour Cas9 digest w/ 2x amount of Cas9
Lane 7:   HGPRT 100nM + 2 hour Cas9 digest without guide RNA
Lane 9:   HGPRT 100nm + 2 hour Cas9-GFP digest
Lane 10:  HGPRT 100nm + 2 hour Cas9-GFP digest w/ 2x amount of Cas9
Lane 11:  HGPRT 100nm + 4 hour Cas9-GFP digest
Lane 12:  HGPRT 100nm + 4 hour Cas9-GFP digest w/ 2x amount of Cas9
Lane 13:  HGPRT 100nm + 2 hour Cas9-GFP digest without guide RNA.

Figure 4: 3’ CS analysis Forward + Reverse Version 2 Experimental determi-
nation of optimal annealing temperature
The goal of this experiment / assay was to amplify a ~ 420 base pair frag-
ment of the P3X DNA sequence containing a portion of the Igκ constant region 
and the 3’ CRISPR-Cas9 guide sequence. Gradient PCR was performed in this 
experiment / assay to determine the optimal annealing temperature. A tem-
perature gradient of 58 to 68 degrees Celsius was done using standard PCR 
conditions. Melting temperature (Tm) values for the 3’ CS analysis Forward and 
Reverse Version 2 primers are 55.2 and 53.6 degrees Celsius, respectively. All 
samples loaded were identical ( i.e. all samples came from the same batch – 
genomic DNA miniprep, primers, reagents for PCR reaction, etc.)

Figure 5: 5’ CS analysis Forward Version 1 + Reverse Version 3 Experimental 
determination of optimal annealing temperature
The purpose of this experiment / assay was to amplify a ~ 480 base pair frag-
ment of the P3X DNA sequence containing the 5’ CRISPR-Cas9 guide sequence. 
Gradient PCR was performed to determine the optimal annealing temperature. 
A temperature gradient of 46 to 52 degrees Celsius was done using standard 
PCR conditions. Tm values for the 5’ CS analysis FV1 and RV3 primers are 
46.7 and 59.8 degrees Celsius, respectively. All samples loaded were identical 
( i.e. all samples came from the same batch – genomic DNA miniprep, primers, 
reagents for PCR reaction, etc.)
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CONCLUSION
• Figure 2 demonstrates that P3X cells can be efficiently  

 transfected with Cas9-GFP protein and remain viable  

 (48.66% transfected and viable, 90.58% total viability,  

 Figure 2C). 

• Cas9-GFP retains enzymatic activity similar to that of  

 wild type Cas9 (Figure 3). Twice the incubation time and  

 a two-fold enzyme concentration seem to have no  

 apparent effect on nuclease activity using IDT’s HGPRT  

 control kit (Figure 3). 

• Unfortunately, amplification of the 4Kb target sequence  

 proved to be difficult. Thus, in order to assess Cas9- 

 GFP’s nuclease activity (using gRNA designed for the  

 target region), two separate amplicons containing the  

 Cas9 gRNA sites were targeted individually. The 3’  

 amplicon containing 3’ gRNA sites were efficiently   

 produced using standard PCR conditions (Figure 4).  

 Primers for the 5’ amplicon containing the 5’ gRNA sites  

 are located within an intronic region of the P3X genome.  

 The production of these amplicons have been difficult  

 as depicted by multiple PCR products in Figure 5. Multiple  

 primers were designed in order to circumnavigate the  

 problematic intronic region of the target sequence, but  

 to no avail. 

• Potential solutions include optimization of PCR   

 amplification of the target region using the same primer  

 sets and subsequent in vitro Cas9 digestion assay using  

 the same gRNA.

• Redesigning the 5’ primers which will require redesign  

 of gRNA could eliminate the hassle of optimizing the  

 current 5’ primers and gRNA. 

• Since there have been no issues regarding amplification  

 of the Igκ constant gene, truncating this region instead  

 might also prove to be an effective solution.
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ABSTRACT
The Culinary Department is an untapped resource for 

waste cooking oil, which is used to make biodiesel that 

can be used as fuel for a diesel cart and generator.

A byproduct of the biodiesel transesterification is glycer-

ol. To achieve 100% sustainability, creating high value 

products requires the purified glycerol. Crystallization 

and charcoal treatment were investigated as a means of 

refining glycerol.

TRANSESTERIFICATION

RESULTS
SEPARATION After transesterification step, the glycerol 

was drawn off the bottom using gravity separation and 

heated to remove the methanol used in the transesteri-

fication reaction. Purification of the crude glycerol using 

crystallization and charcoal filtration was undertaken.

Figure 1: Production of Biodiesel and Glycerol from Waste Oil
Source: http://slideplayer.com/slide/4724581/15/images/3/Transesterification+Reaction.jpg

Figure 3: Crystallization of  Crude Glycerol after 2 weeks.

1:1 glycerol : 1-butanol (left) Crude glycerol (right)

CRUDE GLYCEROL  

“Crude glycerol (Figure 2) has puri-

ty of 15-80% and contains a large 

amount of contaminants such as 

water, methanol, soap/free fatty 

acids, salts, and unused reac-

tants” (Nanda MR, et al. 2014).
Figure 2: Glycerol Byproduct 

CRYSTALLIZATION

Since glycerol crystals are inherently pure, finding a way to 

form and collect the crystals would enable the refinement 

of the waste glycerol. Crystalizing crude glycerol poses 

many potential problems because it is not anhydrous, and 

it has an abundance of impurities including potassium hy-

droxide, leftover biodiesel, starch, and food remains (Fig-

ure 2). However, glycerol crystal from a crude system (Fig-

ure 3) best form when crystallization is initiated by a seed 

crystal. The first step is to create a seed crystal. The meth-

od followed was one where the glycerol was dissolved in a 

solvent and cooled to roughly -20ºC (Hass,1941), agitated 

periodically, and left to sit in a freezer. Three different sol-

vents, methanol, ethanol,  and butanol, were tested each 

with three concentrations of glycerol (Figure 4). 

This multi-semester project for CHEM 161L was awarded the 2018 UH Presidentʻs Green Project 
Award and featured on the news. The fuel produced by STEM students is currently being used by 
the campus. See the full article: http://bit.ly/kapccbiodiesel



Figure 5: Second Filtrate from  
charcoal filtration 
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GLYCEROL : 1-BUTANOL GLYCEROL : METHANOL

WEEK 1

WEEK 2

WEEK 3

WEEK 4

0.5:1 1:1 1.5:1 0.5:1 1:1 1.5:1

Figure 4: Crystallization of glycerol with Butanol and Methanol 

ANALYSIS
The glycerol did show signs of possible crystallization in 1-butanol. 

During the second week, there was a cloudy separation layer be-

tween the denser glycerol and 1-butanol. The glycerol settled out and 

separated when checked the next week, but the boundary meniscus 

remained opaque and cloudy with possible crystal formation. No vis-

ible results were observed in the tests with methanol or ethanol as 

the solvent. The crude glycerol just became extremely viscous, and 

the bottom layer could be possible glycerin crystals, or chunks of 

impurity formed in the crude glycerol and 1-butanol.

The glycerol solutions are very temperature sensitive, and even tak-

ing them out for 5 seconds causes the glycerol to become less vis-

cous. Further testing can be done to determine if seed crystals did 

actually form, and thus, these samples were left in the freezer. 

CHARCOAL FILTRATION

Using a column packed with activated charcoal powder as the adsor-

bent, we attempted to purify crude glycerol. Results were successful 

because the glycerin filtrate was more clear with a few specs of char-

coal after centrifugation. However, the filtered as charcoal powder 

was too fine, cotton plug was not dense enough to keep stationary 

phase from coming off the column with mobile phase (Figure 5).
 

IMPROVEMENTS FOR FUTURE EXPERIMENTS
• Allow the growth of crystals in 1-butanol

• Neutralize the glycerol before crystallization

• use a more coarse milled activated charcoal

• use glass wool instead of cotton plug

• supplement plug with sand

• Use vacuum distillation as another 

 method for purification
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INTRODUCTION
Towers of Hanoi is a classic mathematical puzzle game 

also known to be used to measure intelligence. The rules 

of the game are simple. There are three towers total, with 

n disks stacked from the bottom up, biggest to smallest, 

on one of the towers. The primary objective is for the 

player to move all n disks to the furthest tower, without 

placing a larger disk on top of a smaller disk, and by only 

moving one disk at a time. A secondary objective is to 

move all disks using a minimum amount of moves. 

PURPOSE
The initial purpose of the research was to figure out how 

to play the game with three towers, and as we progressed, 

find the optimal strategy by playing the game with a min-

imal amount of moves, but also investigate what would 

happen if new variables were introduced. We also wanted 

to see if the optimal strategy would change depending on 

if there was and odd or even number of disks. Once the 

optimal strategy was found, we would progress up to four 

Figure 1: Example of a Typical Three Towers of Hanoi Game

towers to see if the optimal strategy would differ from the 

previous three tower game. The objective was to complete-

ly understand how to play the game optimally, and deter-

mine the minimal number of moves no matter how many 

disks there were. 

OPTIMAL STRATEGY
THREE TOWER GAME  

The optimal strategy for the three tower game is to move 

the biggest disk only once and, depending on if there is 

an even or odd amount of disks, the strategy changes. 

With and odd number of disks, the smallest disk would 

have to be moved to the furthest tower in order to com-

plete the game with the least amount of moves. If there 

is an even amount of disks, the smallest disk has to be 

moved to the middle tower instead.

FOUR TOWER GAME  

The optimal strategy for the four tower game is also to 

move the biggest disk only once. With the four tower 

game and the optimal strategy we played with, the strat-

egy did not change depending on if there is an odd or 

even number of disks. To achieve the minimal amount of 

moves, we had to create two stacks on the middle towers. 

With 13 disks, for example, we created one stack of nine 

and one stack of three, and with seven disks we created 

two stacks of three.

The Math Immersion Model (MIM) program prepares students for success in calculus and STEM 
through an accelerated 16-week sequence of MATH 103, 135, and 140.  Students are placed in 
a cohort with peer mentors and complete a math-based research project. 
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RESULTS
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Figure 2: Graph of the Number of Moves versus Number of 
Disks in Three Tower Game

Table 1:  
Analysis of Three Tower game

Figure 3: Graph of Numbers of Moves versus Numbers of 
Disks in Four Tower Game

Table 2:  
Analysis of Four Tower game

CONCLUSION
Through our research, we were able to successfully find 

out both the optimal strategies for the Three Tower and 

Four Tower versions of  Towers of Hanoi. The optimal strat-

egy that applies to both games is to move the largest disk 

once. In the Three Tower Game, we figured out the optimal 

strategy by counting the numbers of moves per disk, as 

well as  the minimal number of moves which we found is 

given by the equation (2n − 1), where n is the total number 

of disks from the start. Interestingly, we found that there 

are different optimal strategies depending on if you have 

even versus odd number of disks. If the number of disks 

are even, moving the smallest disk to the second tower on 

the first move gives us the minimal number of moves, and 

if the number of disks are odd, moving the smallest disk to 

the furthest tower would result in the minimal number of 

moves. Using the data collected from playing with the op-

timal strategy, we plotted them as well as the exponential 

function that fit. 

Unfortunately, we were not able find the same solution 

for the Four Tower Game because the optimal strategies 

for the two games are not the same. We were able to de-

termine the most efficient way to divide the two stacks of 

disks between the two middle towers, for example as we 

mentioned the optimal strategy for the 13 disk game was 

to divide into stacks of 9 and 3, where as stacks of 8 and 4 

would prove to be sub-optimal. While the number of disks 

in each stack changes with the total number of disks being 

played, figuring out how to divide the two stacks over the 

two middle towers is key to “winning” the game in the min-

imal number of moves. Using the data collected from play-

ing with the optimal strategy, we found an interesting pat-

tern in the gaps between total minimal number of moves 

for different starting configurations, but we were not able 

to find an explicit equation for the Four Tower Game. 

FUTURE RESEARCH 
Our research seems to suggest that, the more towers 

there are available, the total minimal amount of moves de-

creases. Therefore, future research would be to produce 

data on the minimal amount of total moves for a five tower 

game (and more towers) in order to see if the trend does 

continue. As discussed above, a new, different pattern of 

powers of 2 emerged during the four tower game versus in 

the 3 tower game. In the future, we want to generate more 

data for the four tower game to see if this trend would con-

tinue as the number of disks increases. 
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INTRODUCTION
So far, over 100 supermassive black holes (SMBH) with 

masses of more than a billion solar masses have been 

detected. About 40 of these have redshifts Z>6, which 

indicates that they formed less than one billion years af-

ter the Big Bang1. The existence of such massive black 

holes in the early universe challenges the current model 

of galaxy and black hole formation and evolution. 

This research investigates the formation of SMBHs by 

calculating the density of galaxies around some of the 

most massive black holes in the different epochs of the 

universe and look for possible influence of gravitational 

waves (GW) on galaxy density. The objective of this proj-

ect is to look for anomalies/similarities of the density of 

galaxies as the distance from the SMBH increases.

WHAT IS A BLACK HOLE?

Figure 1: Diagram of a Black Hole Warping Space-time
Figure 2:  
Diagram of Event Horizon

Stellar Mass Black Holes
● Hundreds of solar masses
● Form when a star dies

Supermassive Black Holes (Fig.3)
● Millions to billions of solar masses
● How do they form and grow?

Black Hole (BH)- a region in 
space with a gravitational field 

so strong that not even light can 
escape (Fig. 1 & Fig. 2)

• Over one hundred SMBH with masses of more  
 than a billion solar masses

• About forty of these formed in the  
 early universe

How did these black holes become so massive so quickly?

Problem: early SMBH could not have 
grown so large in such a short time via 
this gradual process!

Studying galaxy populations around SMBH is key to understanding 
how SMBH form and grow

HOW DO SMBHS FORM & GROW

CO-GROWING MODEL
SMBH are co-growing 
with galaxies in their 
gravitational domain by 
consuming surrounding 
material.

SUDDEN COLLAPSE 
MODEL  
SMBH created by a 
sudden gravitational col-
lapse of first generation 
of stars. SMBH pulled in 
matter which formed host 
galaxy.

GRAVITATIONAL WAVES
• Ripples in the curvature of spacetime produced by ac 

 celerating mass

• Merging BH example of strong source of GW (Fig. 4)

• Large enough gravitational collapse will result in shift  

 of matter at Lagrange I point (Fig. 5)

Figure 4: Artist’s depiction of the binary BH  
merger, source of the first GW ever detected. 
Discovery made by LIGO in 2015.

Figure 5: Simulation of path of test particle 
in the xy plane affected by gravitational 
pulse of BH merger detected by LIGO. A 
point-like mass is influenced by a GW and 
shifted from unstable equilibrium.

If SMBH formed from sudden 
gravitational collapse, galaxies 
at L1 would be shifted by the 
gravitational wave.

Figure 3: Photo of SMBH  
in galaxy M87

This project was completed as part of the NASA Hawaiʻi Space Grant Consortium Traineeship 
program, where students conduct research that aligns with NASA’s goals in order to help prepare 
future generations of space scientists and engineers.
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Table 1: Distance from Earth, Redshift, and Mass of Black Holes to be Analyzed

NGC 3842 Phoenix 
Cluster BH

TON 618

Distance from Earth 
[light years]

331 million 5.7 billion 10.4 billion

Redshift Z=0.021 Z=0.597 Z=2.219

Mass 
[solar masses]

9.7 billion M☉ 20 billion M☉ 66 billion M☉

METHODS
• 3 SMBH from different epochs of the universe were  

 chosen (Table 1)

• Inverse tangent used to determine angle theta for each  

 shell’s radius around SMBH (Figure 6)

• SMBH name and angle entered in High Energy Astro 

 physics Science Archive Research Center (HEASARC)  

 database (Figure 7)

• In this research we used Principal Galaxy Catalog  

 (2003) as query table (Figure 7)

Figure 6: Trigonometric Relationships Used to Find Angle Theta

Where R is radius of the shell and D is distance between earth and SMBH 

Figure 9: Number Density of Galaxies Per 10 MLy Shells NGC 3842

Figure 8: Number Density of Galaxies Per 10 MLy Shells TON 618 and Phoenix BH Comparison

RESULTS

Figure 7: Xarmin Interface with Example Query. Green is the angle, Blue is the SMBH name, and 
Purple is the Principal Galaxy Catalog (2003)
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Figure 10: Hubble Galaxy Classification

DISCUSSION
• Number density profile for all three SMBH from different  

 epochs of the universe’s evolution have a smooth curve  

 with spike in region within 100 Mly from SMBH. The  

 spike in number density profile is shifted further away  

 for black holes closer to the present universe.

• Disturbance of matter distribution can be consequence  

 of GW produced by the formation of SMBH.

• Overall no discernable difference in formation of different  

 types of galaxies around SMBH at different ages of the  

 universe. 

CONCLUSION
• Observed spike in density profile can be indication of  

 disturbance of matter distribution around SMBH  

 produced by GW.

• Number density of galaxies around SMBH indicate  

 that a sudden asymmetric gravitational collapse of a 

 star may be the mechanism responsible for the  

 formation of the largest SMBHs. Consequently, the first  

 generation of stars may be larger than what is expected  

 in present models.

• Although GW are transverse waves, they can still  

 contribute to distribution of mass through the universe  

 by influencing masses at unstable equilibrium.

FUTURE WORK
• Collect more data on morphological types as a function  

 of distance, specifically for NGC 3842

• Does the SMBH and GW produce different influence for  

 different types of galaxies? 

• Can GW influence size and shape of galaxies?
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INTRODUCTION
With the controversial rail getting closer to completion, 

what is the optimal design for the train? A larger train 

with higher occupancy (higher cross sectional area) or a 

smaller train with a lower occupancy (decreased cross 

sectional area), and how mass affects both of these. En-

suring the optimal size chosen will reduce operating cost, 

therefore hopefully keeping prices low and the rail a via-

ble transportation option.

The Mathematics Immersion and Physics Integrations (MIPI) program is an intensive cohort-based 
program where students take PHYS 170, PHYS 170L, Calc II, and Calc III in one semester. Stu-
dents are asked to research physics concepts to find sustainable solutions to real world problems. 

METHODS
Set 100cm track at 10.67˚ decline, Logger Pro sensor at 

one end, fan facing opposite sensor with gust parallel to 

ground, and cart up at 100cm mark. Run a minimum of 

10 trials per experiment to ensure consistency, with Car + 

weights (200g and 600g) and Car + box (125g) & weights 

(75g and 475g).

RESULTS
From the data accumulated, having a greater cross sec-

tional area resulted in a lower velocity of the prop train. 

When the prop train had less of a cross sectional area, 

the velocity greatly increased.
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CONCLUSION
In conclusion, the smaller cross sectional area the more 

efficient the design, so a train with the passengers lying 

down lined up from head to toe would be the most opti-

mal. That design is efficient, but it’s not practical, the opti-

mal design has to have a balance between efficiency and 

practicality. With 200g there was a 48% drop in speed 

between the two cross sections, and when we tripled the 

mass (600g) there was 38% drop in speed. So a 200% 

increase in mass equated to a 10% less drop in speed. 

So the heavier train the less the cross sectional area has 

an effect on speed. 
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INTRODUCTION
Located in the middle of the Pacific Ocean, Hawai‘i re-

quires external goods to be imported from other locations 

in order to resource the state’s population. Items shipped 

via freight ships account for 98% of  total imports. When 

designing the ships that deliver the resources, factors 

such as speed must be taken into account. Sharks are 

known for their speed in water, because of biological pro-

cesses that have allowed the animal to perform well in 

its environment. Implementing biomimetics into cargo 

ship designs will allow for optimized sea travel, which ul-

timately benefits Hawai‘i’s industry. The purpose of this 

project is to investigate the advantages of different shark 

body plans by comparing their drag coefficients to find 

the most efficient design for cargo ships.  

Based off of current research, the Mako shark is known 

for its speed due to its tapered body shape that allows 

the greatest hydrodynamics, thus, we expect it to have 

the lowest drag coefficient.

METHODS
Testing drag involved shark models and recording fluid 

dynamics with a water tank and Vernier tool.

3D-Printing  Various Shark Body Plans

Various shark templates were downloaded from Thingi-

verse, an online digital design collaborative, these mod-

els were then 3D printed for testing. 

Figure 1: Shipping lines

Figure 2: shark models on printing bed 
on CURA 

Figure 3: Test models of sharks

Testing Drag with the Vernier

Yielding accurate results require controlled variables 

when testing. Figure 3, shows the formula for drag, 

velocity and acceleration must remain constant when 

investigating the drag coefficient for each body type. 

Figure 4: Formula for drag where FD is the drag force, CD is 
the drag coefficient, A is the reference area, ρ is the density 
of the fluid and V is the flow velocity relative to the object .

Figure 5: Test bed for aquatic drag testing

The Mathematics Immersion and Physics Integrations (MIPI) program is an intensive cohort-based 
program where students take PHYS 170, PHYS 170L, Calc II, and Calc III in one semester. Stu-
dents are asked to research physics concepts to find sustainable solutions to real world problems. 
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RESULTS
Maximum velocities were calculated and compared be-

tween the different models. Table 1 shows the maximum 

velocity of each test shark.

CONCLUSION
In studying sharks we hoped to take advantage of mille-

nia of evolution and apply what we learned to freighter 

ships through biomimetics. Unfortunately, our experi-

ment was inconclusive as there was no clear winner–in 

contrast to our hypothesis that the Mako model would 

have an advantage. Systematic errors are a likely issue, 

but further testing is needed to determine the cause of 

our hypothesis mismatch.

Sharks are indeed very fascinating creatures. Studies re-

garding them have been done on everything from their fin 

shapes to the function of the  scales on their skin. If we 

were to continue research, our first step would be to de-

velop an easily replicable method to accurately measure 

aquatic drag coefficients.

Table 1: Max Velocity of different sharks 

Figure 6: Velocity Graphical Comparison
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VERIFYING THE ECCENTRICITY OF THE MOON’S ORBIT AROUND THE 
EARTH USING LAGRANGIAN

Kiyomi Sanders
Faculty Advisor: Hervé Collin

Kapi‘olani Community College

BACKGROUND/INTRODUCTION
Kepler’s first law states that systems subjected to a cen-

tral force orbit in an elliptical motion around one of the 

two foci (Figure 1). A fundamental quantity characterizing 

the uniqueness of the type of motion of orbiting satellites, 

planets, stars or galaxies is eccentricity [1]. Being able 

to predict its value is essential in orbital dynamics as 

it dictates whether a system follows a circular, elliptical, 

parabolic or hyperbolic path (Figure 2). In order to esti-

mate the eccentricity often implies being able to model 

mathematically the elliptical motion of a rotating body. 

The Lagrangian equation (1) is a powerful tool that can 

be used to obtain the differential equation describing the 

dynamical properties of a rotating object, and deriving a 

solution of the equation may lead to the estimation of the 

eccentricity represented by one variable in the solution. 

The Apache Point Observatory Lunar Laser-ranging

Operation (APOLLO) utilizes retroreflectors on the moon 

(Figure 3) and the Apache Observatory Telescope (Fig-

ure 4) to measure the time it takes for a laser pulse to 

travel between the moon and the earth. The telescope’s 

large aperture and its location at a site of good atmo-

spheric seeing allows it to measure the distance between 

the moon and earth to a precision of  one millimeter [2]. 

APOLLO’s precise tracking of the moon’s orbital distance 

can be utilized for many science goals, such as investi-

gating the nature of the earth-moon system and verifying 

principles of general relativity and gravitational effects.

PURPOSE
The purpose of this research is to verify the eccentricity of 

the Moon’s orbit around the earth using NASA’s APOLLO 

experiment. 

METHODS
THEORETICAL

The Euler-Lagrangian equation is a powerful tool to ob-

tain the differential equation of a system that provides 

the dynamical properties of observable quantities of that 

system [3]. It is defined as:

When    is the Lagrangian (defined as the kinetic energy  
of the system minus its potential energy), and the  
variable

Figure 1: Mass m orbits mass M  in an ellipse with the M 
located at one of the foci (f1).

Figure 2: Eccentricity (e) is an 
important quantity because it 
characterizes the shape of the 
orbiting body’s path.

Figure 3: Astronauts 
placed laser reflectors 
on the moon during the 
Apollo 11 mission. 

Figure 4: The Apache Telescope sends a laser to the reflec-
tors on the moon and measures the time it takes for the light 
signal to return.

(1)

(2)

This poster won 1st place in Physics at the 2020 Emerging Researchers National (ERN) Confer-
ence in Washington D.C. and is a continuation of a project she started in PHYS 170. 
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Where       is the mass of the moon,       is the mass of the 

earth, and      is the gravitational constant. If the variable 

is substituted by the angular position    , it can be proven 

that the angular momentum - defined as           - of a 

rotating system is invariant. To show this, the operators 

from equation (1) can be applied to the Lagrangian of the 

system in equation (2), and after using the product rule, 

the following result can be derived:

The above shows that the first derivative of the angular 

momentum is equal to zero, which implies that the an-

gular momentum is invariant with respect to time, and 

therefore is a conserved quantity. The exact same treat-

ment can be used by choosing the radial position     as a 

substitution of the variable     in equation (1). By doing so, 

the differential equation of the rotating moon around the 

earth can be obtained. This process leads to:

The solution of the above equation can then be obtained 

using several methods. The one used in this project in-

volves applying a simple change of variable by defining a 

new quantity:                  and substituting it back into equa-

tion (4); after using the chain rule several times during 

the derivation, a new equation is obtained:

One recognizes that equation (5) is nothing more but the 

well-known differential equation of a Simple Harmonic 

Oscillator with a constant coefficient. Hence, the solution 

can be expressed in terms of a cosine or a sine based 

on the choice of initial conditions [4]. Choosing the co-

sine function, and taking into account the constant term                

                , an obvious solution to equation (5) is:

(3)

(4)

(6)

After defining a constant term (                      ) the above 

solution can be rewritten easily back in terms of the radi-

al position and the eccentricity e newly defined to lead to 

the final result:

Which is the equation of an ellipse, which can be used 

to obtain the eccentricity with experimental data from 

APOLLO.

EXPERIMENTAL

NASA’s APOLLO experiment provided measurements at 

irregular time intervals of the moon’s distance from earth. 

In order to use the equation of the ellipse and fit it with the 

experimental distances, the data needed to be reformat-

ted to angle vs. distance by identifying the corresponding 

angle for the time of each data point. The exact period of 

the moon expressed in minutes is: 39340.8 minutes. It 

was then necessary to find the number of minutes corre-

sponding to one degree of rotation. This unit conversion 

was then used to find the angle corresponding to the time 

of each data point.

After the data was reformatted, Gnuplot graphing soft-

ware was used to plot the experimental data in Cartesian 

coordinates, and to generate a best fit for the data which 

provided the optimal value for e. Gnuplot then overlapped 

the experimental data with equation (7) representing the 

predicted motion of the moon around the earth. In the ex-

perimental function,     was calculated as the sum of the 

angular and orbital angular momentum and the average 

of the experimental distances to account for the mean 

distance between the center of mass of the moon and 

the earth.

(6)

(7)
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RESULTS
Using the experimental data from APOLLO and the  

derived theoretical equation of an ellipse, Gnuplot plot-

ted the elliptical motion of the moon’s orbit as shown in 

Figure 5.

The value of the eccentricity of the moon’s orbit from the 

experimental data using a nonlinear fit was obtained to 

be 0.0521 +/- 0.0007, which can be considered a pre-

cise and accurate outcome (random errors: 1.3%, and 

systematic errors: 5.1% based on the accepted value of 

the moon’s eccentricity).

CONCLUSION AND FUTURE WORK
The Euler-Lagrange equation can be used to derive an ex-

cellent theoretical model for orbiting systems. This theo-

retical model along with observed distances between the 

moon and the earth can be used to estimate the eccen-

tricity of the moon’s orbit with high accuracy. The method 

used in this research can be applied to any other orbiting 

system for which distance as a function of time is known. 

It can be used to study the path and origin of asteroids 

such as ‘Omuamua (Figure 6), which had a high eccen-

tricity and hyperbolic trajectory (Figure 7). It can also be 

applied to many critical aspects of interplanetary travel 

that increase mission success, safety, and sustainability 

(Figure 8).

Figure 5: Graph generated by gnuplot representing the Moon’s distance from Earth over time

Being able to obtain the eccentricity of rotating objects is 

fundamental to astrophysics modeling since along with 

measurement of periods and semi-major axes, it allows 

precise estimation of the mass of observed objects in 

the universe. Now that the kinematics of celestial objects 

has been quantified and verified, the next step in the re-

search is to obtain the masses of observed celestial ob-

jects using Kepler’s Third Law, the orbital period, and the 

observed semi-minor axes (Figure 9).

Figure 9: Kepler’s 3rd law can be used to obtain 
the mass of celestial objects using the orbital 
period (p), semi-major axis (a), and the gravitational 
constant (G).

Figure 6: Asteroid ‘Omuamua was the first 
known interstellar object to pass through 
the Solar System

Figure 7: Figure 7: ‘Omuamua’s high 
eccentricity (e>1) revealed its hyperbolic 
trajectory and interstellar origin

Figure 8: Many aspects 
of space travel depend on 
understanding orbital ec-
centricity, including land-
ing accuracy, gravitational 
assists, and Hohmann 
transfer orbits.
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CONTEXTUALIZING CENTROIDS IN REAL-WORLD SITUATIONS  
BY IDENTIFYING THE APPROXIMATE AREA CENTROID LOCATION  

OF THE KALIHI AHUPUA‘A
Alden Fernandez 

Faculty Advisor: Aaron Hanai, Ph.D.
Kapi‘olani Community College

INTRODUCTION
In traditional Hawai‘ian practice, land that ranged from 

mauka to makai was divided and distributed to ali‘is in 

units known as ahupua‘as (Figure 1). The Hawai‘ians 

agriculture system took advantage of the resources that 

came with having parts of the sky (the mountain), the 

ocean, and the land in between incorporated into each 

land division.

Kalihi was known for its agriculture, especially its lo‘i 

patches and fishponds. A goddess of fertility, Kapo, was 

said to have been born in Kalihi Valley to the goddess of 

earth, Papahānaumoku, or to Haumea, the goddess of 

fertility and childbirth(1)(2). The prominence of these de-

ities may have contributed to the agricultural prosperity in 

the Kalihi ahupua‘a.

The purpose of this project is to calculate the centroid of 

the ahupua‘a we live in—in this case, Kalihi—then locate 

a place of interest situated there, and identify the signif-

icance of its location. In doing so, a correlation may be 

found between the centroid of the location and the signif-

icance of a nearby site. For this project, the ahupua‘a is 

treated as if it was flat in order to calculate the centroid 

only of its cross-sectional area.

Figure 1: Map Showcasing the 
Division of Ahupuaʻas on Oʻahu

A physics and engineering topic covered in our CE 270 

class is centroids. Centroids are defined as the weight-

ed mean position of a certain quantifiable variable. For 

this project, the centroid is the area-weighted mean po-

sition. Regular shapes have given formulas to calculate 

their centroids, while irregular shapes have to be approx-

imated. To manually calculate the centroid of an irregular 

shape, it must first be decomposed into as many regular 

shapes as possible. The area (Ai) and the x- and y-com-

ponent of the centroid (xi,yi) of each shape are then cal-

culated, and plugged into Formula 1.

Formula 1: Equations to calculate the x- and y-coordinate value of a 2D shape’s centroid

METHODS
Using the KIPUKA database, the Kalihi ahupua‘a was 

highlighted and a screenshot of the map was taken (Fig-

ure 2). Using Fusion360, a computer-aided design (CAD) 

program, the screenshot was projected onto a canvas. 

A rough sketch of the ahupua‘a’s shape was made by 

drawing over the blue outline that illustrates Kalihi’s bor-

ders. Fusion360 cannot mark the centroid of 2D objects/

sketches, so once the sketch was made (Figure 3), the 

shape was cut out and extruded to a negligible length 

(0.0001 mm) (Figure 4). Afterwards, the centroid of the 

cutout was calculated and marked using Fusion360’s 

functions (Figure 5). An image of the cutout with the cen-

troid was then overlaid onto a map (Figure 6), marking 

the site that is situated on the centroid.

The CE 270 ahupua‘a project is about connecting students to a sense of place and personalizing 
issues to their own neighborhoods.



ENGINEERING | 45

REFERENCES
1. Beckwith, Martha (1940). Hawaiian mythology. Ne-

whaven, CT: Yale University Press.
2. Mythological and traditional accounts. Cultur-

al Surveys Hawai‘i Job Code: Kalihi 17. Retrieved 
December 1, 2019 from http://hartdocs.ho-
nolulu.gov/docushare/dsweb/Get/Document-
17507/20111206-aisp-cc-vol1-sec2.pdf.pdf

3. Retrieved November 12, 2019 from http://kipukada-
tabase.com/kipuka/#view3

4. Cha, Brendan (2017). The approximation of the cen-
troid of the Kalihi ahupua‘a. Pueo O Kū Journal of 
Science, Technology, Engineering, and Mathematics, 
Spring 2017, 38-39.

ACKNOWLEDGMENTS 
Mahalo nui loa to Dr. Aaron Hanai, Li-Anne Delavega,  the 
Pre-Engineering Education Collaborative II Grant (PEEC 
II: NSF award HRD-1642042), and The National Science 
Foundation. The faculty and staff of the STEM Center, 
and Lama Library.

Formula 2: Equation to calculate the z-coor-
dinate value of a 3D shape’s centroid. Note 
that volume is calculated instead of area

RESULTS
When the approximate location of the centroid is clicked 

on in the KIPUKA database, the centroid is identified to 

sit on the two ‘ilis (subdivisions of the ahupua‘a) known 

as Kalaepaa and Mokauea (Figure 7). A zoom-up image 

of the location on Google Maps shows that the area cen-

troid sits outside of the Kalihi Valley residential area (Fig-

ure 8).

Figure 2: Map Outlining 
the Kalihi Ahupuaʻa. Ob-
tained from KIPUKA(3)

Figure 4: Rotated 
Perspective of Kalihi 
Ahupuaʻa Cutout

Figure 3: Fusion360 
Sketch Outlining the 
Shape of the Kalihi 
Ahupuaʻa

Figure 5: Kalihi Ahupua‘a Cutout with 
Centroid Marker

Figure 6: KIPUKA Map with Centroid Marker 
Overlay

Figure 7: KIPUKA Database Identifying the 
Location of the 2D Centroid

Figure 8: Google Map Image of Centroid 
Location (with Nearby Place Names)

CONCLUSION
No site or history was found that directly related to the 

area centroid of Kalihi. However, the ‘ili of Mokauea 

shares its name with Mokauea island, a royal fishing site 

located across the shore of Kalihi. The employed method 

was only able to provide an approximation for the loca-

tion of Kalihi’s area centroid, especially since the sketch 

of the ahupua‘as outline was hand-drawn. Others have 

used the same method to find the area centroid of Ka-

lihi, albeit with a different CAD software, and had their 

calculated centroid located in a different ‘ili(4). Different 

software may provide different levels of accuracy when 

identifying the centroid of an irregular shape. Although 

no history or backstory was found for the location of the 

area centroid, the location of the volumetric centroid may 

have a more prominent mo‘olelo tied to it. To find the cen-

troid of an irregular three-dimensional shape, the volume 

of each regular shape would need to be found instead of 

the area, and the z-axis component of the centroid would 

also need to be found (Formula 2).
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DESIGN OF A SENSOR SYSTEM FOR USE IN A WIND-TUNNEL TO STUDY 
THE AERODYNAMIC FORCES ON SCALED-MODEL AIRCRAFTS

Jennifer Chinen, Abigail Trowbridge, Kahikimaianakekupulaninokala‘akea Ali‘ifua,  
& Brent Shigano

Faculty Advisor: Aaron Hanai, Ph.D.
Kapi‘olani Community College

INTRODUCTION & BACKGROUND
Wind tunnels are a commonly utilized device that assess 

the aerodynamic qualities of a modeled object. This in-

cludes lift, drag, and other external forces experienced 

moving through an air medium. Wind tunnels are an 

efficient way of testing designs during the development 

stages before scaling up for manufacturing. Unfortunate-

ly, Kapi‘olani Community College currently does not have 

a wind-tunnel to utilize for model experimentation. Addi-

tionally, other wind-tunnels on Oahu either have size lim-

iting factors on scale models or do not have the capability 

to extract force data from the experiment. Therefore the 

need to design and construct a wind-tunnel for educa-

tional purposes or downstream use in student research 

projects is needed. 

PURPOSE
As the sensor sub-system for constructing the subson-

ic-wind-tunnel, the objective is to collect precise and ac-

curate data that measures aerodynamic forces on exper-

imental models. Such forces are described in Figure 1 

with the main forces of aerodynamics being lift and drag. 

Sensor mounting should be modular to account for dif-

ferent prototypes to be tested including rockets, aircrafts, 

and other test subjects.  

Figure 1: Aerodynamic forces 
experienced by objects.

Figure 2: Computer-aided-design (CAD) images of subsonic-wind-tunnel sensor designs.  
First iteration (A), second iteration (B), and third iteration (C). 

YAWLIFT

GRAVITY

THRUST

DRAG

ROLL PITCH

METHODS (COMPUTER AIDED DESIGN PHASE)
The first iteration allows strictly lift and drag force capture 

due to only 2 sensors mounted while the second iteration 

allows recording of lift, drag, roll, and yaw with at total of 

4 sensors. The third iteration was designed to be more 

streamline in the wind-tunnel. All sensor designs utilize 

vernier logger pro dual-range force sensors.

B C

RESULTS (PROTOTYPE SIMULATION PHASE)
Computational-fluid-dynamic (CFD) simulations illustrat-

ed the magnitude of the velocity provided the different 

model iterations in Figure 3. Although the second itera-

tion showcases high turbulence and a decrease and high 

heterogeneity of velocity values indicated by the different 

colors, this is located past the test location allowing suf-

ficient data to be acquired downstream. Figure 4 shows 

a test model simulated providing evidence that the force 

sensor located behind the test model does not impede 

potential data values verified by the velocity magnitude.     

ME 213 projects focus on local sustainability. By working to reduce drag, this project aims to save 
fuel usage to help the state reach its 100% renewable energy by 2045 goal. 
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Figure 3: Computational-fluid-dynamic simulations of CAD sensor designs illustrating velocity magnitude and vortices generated. Iteration 1 (A, B, & C), iteration 2 (D, E, & F), vortices plot (A & D), 
horizontal plane velocity plot (B & E), and vertical plane velocity plot (C & F).

A. B. C.

D. E. F.
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Figure 4: Computational-fluid-dynamic simulations of the third iteration with a Lockheed Martin 
SR-71 Blackbird model. Horizontal plane cut (top) and vertical plane cut (bottom).

CONCLUSION & FUTURE RESEARCH
Taken as a whole future work can be conducted to fabri-

cate and install this force-sensor design into a wind-tun-

nel as CFD images demonstrate useful acquisition of 

force data in the future. Other alterations would include 

moving the sensor system outside the wind-tunnel for 

possibly more accurate data capture when testing model 

aircrafts.
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OPTIMIZING THE AERODYNAMICS OF FABRICATED 3D MODELS IN A 
WIND TUNNEL TO IMPROVE VEHICLE MOBILITY AND RENEWABLE  

ENERGY PRODUCTION
Alden Fernandez, Sheri Marzan, Blayze Remata, & Gavin Yamanaka 

Faculty Advisor: Aaron Hanai, Ph.D.
Kapi‘olani Community College

INTRODUCTION
Wind tunnels (Figure 1) are used to test the aerodynam-

ics—the effect of air flow—on an object. The tunnel allows 

laminar air flow, allowing engineers to hold controlled 

tests and investigate factors such as drag, lift and turbu-

lence at a low-cost. With the device, manufacturers can 

have a greater idea of aerodynamics on products and en-

sure safer and effective results. 

As part of the ME 213 engineering design class, the 

collective goal of the class was to create a wind tunnel 

system for performing tests (Figure 2). The class was di-

vided into three subsystems; our group was tasked with 

designing/obtaining test models of turbines, transporta-

tion components, and other subjects that can be tested 

in the wind tunnel.

Figure 1: Wind Tunnel Diagram(1)

Figure 2: Work in Progress Wind Tunnel Built By Hardware Group

METHODS
Several test subjects were considered for wind tunnel 

testing: aircrafts, airfoils, car spoilers, turbines, and para-

chutes. To cooperate with the other groups and assist 

with their goals, the test subjects needed to be designed 

to fit in the 12”x12”x24” test chamber and to design a 

method to mount sensors or meters to measure forces 

or generated energy. Test subjects that had available 3D 

models online were downloaded via Thingiverse such as 

car spoilers (Figure 3) & several initial turbines (Figure 4). 

Other types of wind turbines, such as a horizontal axis 

wind turbine (HAWT), were digitally modeled (Figure 5) 

using Fusion360, a computer-aided design (CAD) soft-

ware. The turbines would be attached to a DC motor, so 

the turbine insert would need to fit onto the DC motor’s 

shaft (Figure 6). Once the digital model was created, they 

were printed (Figure 7) using Lulzbot TAZ 3D printers.

Figure 3: 3D-Printed Car Spoiler. Digital 
Model Obtained From Thingiverse

Figure 4: 3D-Printed Turbine. Digital Model 
Obtained From Thingiverse

0.078
”

0.098
”

0.110” 0.118
”

0.157
”

Figure 5: CAD of 
Custom-Made 
HAWT Blade

Figure 6: 3D-Printed Cylinders 
Used to Test Minimum Diame-
ter Needed to Fit on DC Motor

Figure 7: 3D-Printed First 
Iteration HAWT

In ME 213, small teams of students are assigned to design, fabricate, and test one component of 
a larger, sustainability-centered project. The previous poster’s team worked on sensors that will 
collect data on this team’s wind turbine (below) when tested in the wind tunnel. 
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CONCLUSION
Due to time constraints, the prepped test models could 

not be experimented with the wind tunnel. Although 

3D-printing provides an accessible way to manufacture 

test subjects, many complications occurred (i.e. rough 

surfaces, excess material) that were difficult to diagnose 

due to the multiple factors that affect the quality of prints. 

Other means to create test subjects may be considered 

in the future. 

Once experiments with the wind tunnel are possible, 

changes to the test subject’s designs will be made based 

on measurements to improve the model’s aerodynamic 

properties in accordance to its real-world application.

RESULTS
Prototype models were printed and created for the follow-

ing test subjects:

• Car Spoiler

• HAWT

• VAWT

A vertical axis wind turbine (VAWT) was designed and 

printed (Figure 8, 9), but the blades were not made asym-

metrical. A composite second iteration of the VAWT (with 

updated blades) (Figure 10) was made as an alternative 

to printing the entire model again. The composite was 

made up of 3D-printed blades and junctions, and wood-

en dowels that connected the blades to a center post.

An airfoil model was obtained from Thingiverse and print-

ed (Figure 11). However, to create a digital model for oth-

er airfoil shapes, the cross-sectional area data of existing 

airfoils were imported into Fusion360. Once a sketch of 

the cross-sectional area was generated (Figure 12), the 

face was extruded to make the airfoil three-dimensional 

(Figure 13).

A regular parachute (Figure 14) and a drogue chute (Fig-

ure 15) were created using ripstop fabric. A cutout of a 

gore pattern was used as a stencil for making guidelines 

on how to cut the fabric. An assemblable spacecraft mod-

el has been designed (Figure 16).

Figure 8: CAD of Cus-
tom-Made VAWT

Figure 9: 3D-Printed First 
Iteration VAWT

Figure 10: Composite 
Second Iteration VAWT

Figure 11: 3D-Printed Airfoil

Figure 12: Cross- 
Sectional Area Sketch 
of NACA 2414 Airfoil

Figure 13: Extruded 
Sketch to Transform  
Airfoil into a Three- 
Dimensional Solid

Figure 14: Ripstop 
Fabric Parachute

Figure 15: Drogue 
Chute with Gore Cutout

Figure 16: Model Spacecraft Body

• Airfoil

• Parachutes

• Spacecraft Body
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INTRODUCTION
The augmented reality (AR) sandbox (Figure 1), devel-

oped by the University of California - Davis (UC Davis), 

was designed to demonstrate earth science concepts, 

making for an optimal teaching tool. A Kinect camera and 

projector work with a computer to create a color map and 

simulate flowing water, which is affected by the elevation 

of the sand. The users can alter the sand’s layout and the 

color map will adapt in real-time, allowing for a dynamic 

interactive experience (Figure 2).

Figure 1: AR Sandbox 
Owned by Kapi‘olani 
Community College

Figure 2: The AR Sandbox in Action

Figure 3: Region of O‘ahu 
Being Modeled

Figure 4: Map Outlining the Maunalua Watershed(1),  
obtained from Pam Weiant from Mālama Maunalua 

MATERIALS
The technological hardware was assembled and pro-

grammed to the specifications made by UC Davis.(2) A 

dedicated Linux computer was built with an Nvidia Ge-

Force GTX 1060 graphics card and an Intel Core i3 pro-

cessor to ensure it could operate the AR sandbox soft-

ware. A Kinect camera and a projector were connected 

to the computer, then mounted onto a specially-designed 

cart to hold a portable 40”x30”x6” sandbox. A separate 

pocket projector and Kinect camera was also used during 

testing.

An Ender 3 and LulzBot TAZ 6 3D-printer were used to 

3D-print the models. White PLA filament was used for the 

prints to avoid confusion with the color of the model and 

the color of the projection.

This research was presented at the national 2019 Society for Advancing Chicanos/Hispanic & 
Native Americans in Science (SACNAS) Conference. The students are also creating a curriculum 
for 7th grade teachers across the state through the STEM Pre-Academy program, whose goal is  
to get Hawaiʻi’s keiki interested in STEM. 

An AR sandbox designed by Kapi‘olani Community Col-

lege was built to use for outreach events (Figure 1). To 

better relate STEM topics to Kapi‘olani Community Col-

lege feeder schools, it was suggested that the neighbor-

ing Maunalua watershed (Figure 3, Figure 4) be modeled 

in the sandbox. However, the sand’s malleability makes 

it vulnerable to alterations, and therefore unsuitable for 

static geographic representation. Use of sturdy models 

with the AR sandbox would allow for consistent and re-

peated simulations of geological and hydrological events 

based on real-world locations. 3D-printed polylactic acid 

(PLA) models were proposed as a substitute for the sand. 

A functionally-scaled 3D-printed model is expected to 

resemble the digital model. The AR sandbox software 

should also be able to create a color map that properly 

illustrates the watershed’s varying altitudes. AR simu-

lations of the Maunalua watershed may facilitate local 

student’s awareness and understanding of the effects of 

natural phenomena occurring in their community. In ex-

posing students to ‘āina-based education, students will 

learn how to apply their classroom topics in culturally-sig-

nificant real-world problems.
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Figure 5: (left) 
Digital Model of the Maunalua Watershed

Figure 6: (right) 
7.0”x6.5”x2.2” 3D-Printed Prototype

The results from the prototype test suggested that the 

college’s AR sandbox setup could project a fitting color 

map to a scaled-up model (Figure 7). The digital model 

was then partitioned into sixteen square pieces using Au-

todesk Meshmixer (Figure 8). The resulting digital models 

had their scales increased by 380%. Each pieces were 

then printed on the Lulzbot TAZ 6 3D-printer, except for 

two pieces that lacked height deviation. Prior to assem-

bling the pieces inside the operating sandbox (Figure 9), 

Figure 9: Side-by-Side Comparison of Prototype Model and Partitioned Model Inside the 
Sandbox

Figure 10: Flat Excess Material on One of the Partitioned Model Pieces

METHODS
A digital model (Figure 5) of the watershed within a 

square region (Figure 3) was created using Terrain2STL; 

an online STL file generator employing geographic infor-

mation system (GIS) data that omits the ocean floor. An 

initial prototype was printed to ensure the 3D printers 

could recreate the digital model’s level of detail. A sec-

ond prototype was printed, but with increased scaling to 

occupy most of the Ender 3 3D-printer’s bed space (Fig-

ure 6). The resulting print was still not properly-scaled to 

work with the configurations of the college’s AR sandbox. 

A test was conducted using the unmounted pocket pro-

jector and Kinect camera to see how well the projections 

could be aligned with the prototype’s print quality. The 

software was first calibrated to compensate for the pro-

totype’s small size, then the equipment was adjusted to 

position the contour lines atop the prototype as best as 

possible. 

Figure 7: (left) Prototype Model with a 
Projected Color Map

Figure 8: (right) Partitioned Digital  
Modelon Autodesk Meshmixer

the software was re-calibrated to work with the standard 

setup of the AR sandbox.

RESULTS
The partitioned model printed with little deviation from 

the original digital model (Figure 9). Unintended excess 

material was printed on some of the pieces (Figure 10), 

however, its small height made negligible changes to the 

color map. The camera and software was able to recog-

nize the partitioned model’s different layers and generat-

ed an appropriate topographic color map for the model 

(Figure 11).
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Figure 11:  
Partitioned Model and its Color Map

Figure 12: Digital Model of O‘ahu
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CONCLUSION
The results verified that 3D-printing is a reliable way to 

translate GIS data into a physical model. Although the 

projections were slightly misaligned with the partitioned 

model, the program was nonetheless able to create a 

corresponding color map for it (Figure 11), thereby show-

casing the application capabilities that come with using 

3D-printed models of geographic locations with the AR 

sandbox. Future development of this project hopes to 

make classroom topics more relatable to local students 

and make it more tangible.

Future steps look to expand the model and improve its 

quality. The area around the watershed will be created 

first to include other nearby ahupua‘as. Eventually, the 

project will look to model the rest of O‘ahu (Figure 12). 

Each piece had an approximate base area of 4⅛”x4½”, 

so it is estimated that the sandbox can hold a total of 

9x6 pieces with the same area. Printing the entire island 

would require the scale image to be smaller. Alternative 

means of manufacturing may be considered to design 

other models, such as using a CNC router. Usage of ba-

thymetry data was proposed to map the ocean floor (Fig-

ure  13, Figure 14). In doing so, this would replace the flat 

surface that appears beyond the model’s shoreline.

Figure 13: Visualization of O‘ahu’s Ocean 
Floor. Figure made with GeoMapApp (www.
geomapapp.org)(3)

Figure 14: Experimental Digital Model 
of O‘ahu’s Ocean Floor Generated with 
GeoMapApp’s Data
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INTRODUCTION
Growing mushrooms is a difficult process where the con-

tainer growing environment temperature and humidity 

need to fall within a specific range. Maintaining these 

conditions means that the containers require continuous 

monitoring. The issues with the current process is one, 

the farmer manually take these readings several times 

a day and two, the container needs to be opened affect-

ing the mushroom container environment and measure-

ments. This system was developed to allow the farmer to 

take accurate measurements automatically while also al-

lowing him to monitor his farm and respond to incidents 

if needed. 

PURPOSE
The purpose of this project is to push the limits of widely 

available microcontrollers and sensors in order to auto-

mate the measurements of temperature and humidity for 

mushroom production, and display the data online and 

in real-time. 

METHODS
The distributed sensor system is comprised of two parts: 

the hardware system and the server system. The hard-

ware system handles the gathering of the data and their 

transfer to the server. The server in turn, performs the 

data processing and real time visualization. The overall 

method is shown in Figure 1.

Figure 1: Flow of informa-
tion from MQTT inbound 
node to JSON to two sep-
arate sensor graph nodes. 
(Blue: Hardware System, 
Yellow: Server System)

HARDWARE SYSTEM One humidity, and two temperature 

sensors, are connected to an ESP8266 MCU with built 

in WIFI to perform data acquisition as shown in Figure 2. 

The ESP8266 receives data from the sensors, combines 

the information into a JSON object  and sends the object 

via MQTT. 

Figure 2: The MCU is represented on the left with digital pin 1 (D1) connected to Temp sensor 
one and two and digital pin 2 (D2) connected to the humidity sensor. All sensors are powered 
by the MCU.

SERVER SYSTEM The MQTT broker receives the JSON ob-

ject and acts as a relay between hardware and software. 

The MQTT node in Node-Red receives the message from 

the broker and upon reception sends the object to the 

JSON node. The information is then turned into a string, 

parsed and delivered to graph nodes to be displayed 

in Node-red’s graphical user interface as described in 

Figure 3.

Figure 3: Node-Red flow. MQTT Topic nikki/mushy receives JSON, json node translates JSON 
object to string, and two function blocks parse relevant information for respective visualizations. 
Function nodes parse the string and the graph displays the parsed information

This ongoing research was presented at the 2019 Emerging Researchers National (ERN) Confer-
ence in Washington, D.C. 
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CONCLUSION
The distributed sensor system is able to measure tem-

perature and humidity while successfully posting it to the 

online graph therefore making this a practical solution for 

improving mushroom farming techniques. The first hard-

ware prototype is not a reliable source of measurements 

therefore a printed circuit board may help fix connection 

issues and reliability for field measurement collection.

The next steps of this research are 1) deploy the system 

in a real mushroom growing setting to test it’s durability 

and ability to stay connected using PCB design, 2) create 

a regression algorithm to predict when measurements 

will fall outside of acceptable parameters, 3) create an 

alert system to email farmer when the monitoring system 

disconnects or measurements fall outside of normal op-

erating conditions and 4) create a database to store his-

torical data.  

ACKNOWLEDGMENTS 

I would like to thank Dr. Hervé Collin as well as the KCC 

STEM program for providing me with the opportunity to 

work on this project.

RESULTS
The distributed sensor system was tested in an indoor 

laboratory setting. The sensor system is set to measure 

temperature and humidity continuously at a rate of 1Hz. 

The data is aggregated in node-red at adjustable inter-

vals (e.g. 5 min averages). Graphs shown in Figure 5 and 

6 demonstrate how measurements are plotted every sec-

ond to allow for better resolution.

In the laboratory setting the MCU and sensors were con-

nected to a breadboard for testing and adjusting circuit 

design as needed. The first version of a proto board shown 

in Figure 7, was built replicating the working breadboard 

circuit layout in Figure 2, for a more permanent circuit 

design. The goal was to create a reliable circuit for out-

door installation using screw down terminal blocks which 

would make it easy to install or uninstall sensors while in 

the field. When connected to the MCU, the prototype is 

able to collect data sporadically and at the moment is not 

reliable enough to use for data collection.

Figure 5: Real time representation of percent humidity vs hour of day

Figure 6: Real time representation of temperature in Fahrenheit vs hour of day

Figure 7: Left. is the first 
hardware prototype. Screw 
down terminal blocks are 
used as a way to connect 
sensors to board without 
soldering down permanently.   

Connections in the first prototype were not sensitive 

enough for the MCU to receive reliable data from the 

sensors. Shown in Figure 8, a printed circuit design was 

created to test this theory and will be part of further  

research.

Figure 8: Printed circuit board design using EAGLE. 
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INTRODUCTION
Whales are known to beach themselves when they are 

sick or injured. Current research has shown that there 

has been an increase in whale beaching events caused 

by man-made noise pollution, specifically ship noise. 

Ships produce a predominantly low-frequency noise 

(<1000 Hz) [4]. Unfortunately, this interferes with the fre-

quency range (30 Hz - 8,000 Hz) [4] used by many whale 

species to communicate and echolocate. 

Because water is more dense than air, sound travels 

faster and farther, making sound much more significant 

in water. My research objective is to create a functioning 

noise-dampening system prototype using active noise 

control/noise-cancellation to mitigate ship noise.

Figure 1: Humpback whale [1]

METHODS
Audio samples of different sounds were taken and con-

verted to wav. files. Using Matlab, code was written to 

take those wav. files and convert them into spectrograms, 

where frequency and intensity could be displayed as a 

function of time. 

Figure 2: Cargo ships [1]

Figure 3: (left) 
Audio sample 
of humpback 
whale

Figure 4: (right) 
Audio sample of 
ship noise

Using power supplies and a function generator, an invert-

ing operational amplifier (op-amp) circuit was built onto 

a breadboard. A microphone was used to record a noise 

sweep created by the function generator. The speakers 

were then inverted, and sound was recorded again after 

going through the inverting op-amp circuit. The audio re-

cordings were analyzed using Matlab.

Figure 5: 
Spectrogram 
of humpback 
whale

Figure 6: Spec-
trogram of ship 
noise

Figure 7: Schematic of inverting op-amp 
circuit

Figure 8: Inverting op-amp circuit

This research won 1st place in Engineering and Technology at the 2020 Emerging Researchers 
National (ERN) Conference in Washington, D.C.
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CONCLUSION
These results indicate that ship noise interferes with 

the frequency ranges whales use, but can be mitigated 

through the use of active noise control/noise-cancella-

tion. 

FUTURE RESEARCH
Waterproofing will be done for in-field deploy-

ment, which will then be tested and improved 

to increase its effectiveness in ship noise  

reduction. 
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RESULTS
The audio spectrum analysis showed that low frequency 

ship noise interferes with the frequency ranges used by 

whales to communicate and echolocate. Audio record-

ings showed that noise traveling through air was reduced 

by producing a second, inverted sound.

Figure 9: Regular noise (blue) vs. with noise-cancelling system (red)

Figure 10: Utilizing a buoy for in-field 
deployment [5]

Figure 11: How noise-cancellation works [6]
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INTRODUCTION
During the Pre-Contact Era of Hawai‘i, traditions was 

similar to a feudal system. Each mokupuni or island was 

ruled by an ali‘i nui (high chief) sometimes referred as 

mō‘i (king). The mokupuni is subdivided into moku or dis-

tricts led by an ali‘i ‘ai moku (ruler of the moku). Each 

moku is divided into ahupua‘a led by an ali‘i ‘ai ahupua‘a 

(ruler of the ahupua‘a) An ahupua‘a may be further di-

vided into ‘ili ‘āina (smaller land) but not all ahupua‘as. 

Konohiki (land steward) often a kaukau ali‘i (lower rank-

ing chief) oversees the ahupua‘a and maka‘āinana (peo-

ple attend the land).

The Declaration of Rights of 1839 known as Ke Ku-

mukānāwai officially changed Hawai‘i from a feudal sys-

tem to an allodial system that recognized three classes of 

people: the government, the Ali‘i, and the maka‘ainana. 

Ke Kumukānāwai gave rights to the maka‘ainana, which 

they possessed none prior.  

In 1848, the Great Mahele (division of interest) was 

signed by King Kamehameha III (KIII), divided the lands 

of the Hawaiian Kingdom in two parts between the King 

(Crown Lands) and 245 ali‘is and konohikis (Konohiki 

Lands). King KIII divided his Crown lands into Govern-

ment Lands and the for himself and his family. 

In 1850, the Kuleana Grant was enacted allowing the op-

portunity of the maka‘ainana to possess a title of land. 

The ali‘i, konohiki, and maka‘ainana were awarded title 

either as a Land Commission Awards, Royal Patents, 

Land Patents, or Deeds after completing the necessary 

process and meeting certain requirements. 

PURPOSE
The purpose of this project is to determine the centroid of 

the ahupua‘a where I reside in or from. I recently gained 

new knowledge of my ‘ohana history and I decided to 

choose the ahupua‘a of Ho‘opūloa where my Keli‘ikuli 

Kupunas obtained Royal Patent Grants from King Kame-

hameha IV, V, and King Kalakaua.

Figure 1: Hawaiʻi Island with Hoʻopūloa 
Highlighted

Figure 2: Six Mokus of mokupuni o Hawaiʻi

BACKGROUND
Mokupuni o Hawai‘i (Hawai‘i island) is divided into six 

mokus: Kohala, Hāmākua, Hilo, Puna, Ka‘ū, and Kona. 

Ho‘ōpūloa is in the moku of Kona, Hema (South) Kona. 

Ho‘opūloa meaning is to cluster together. Four royal pat-

ent grants were awarded to Keli‘ikuli in 1860 of 1453 

acres, in 1867 of 86 acres, and in 1879 of 90 acres and 

38 acres. Ho‘opūloa was known to be the last steamship 

landing in Kona. Ho‘ōpūloa was abundant with ‘awa and 

‘ōhi‘a trees. In 1926, the Lava Flow from Mauna Loa dec-

imated the makai (on the seaside) village of Ho‘opūloa.

Through this CE 270 project, this student was able to trace his connection to his ʻohana, land, 
and history through engineering.  



METHOD
The centroid, or average position of an area can be locat-

ed using calculus with the formula in Figure 6 to deter-

mine the x and y coordinates of af centroid. This method 

is complex and tedious due to its geometrical shape.

A logical and time efficient method is to use a Computer 

Aided Design program known as CAD to determine a cen-

troid, which I opted to use this method. Autodesk Fusion 

360 is the CAD program I used to trace on a screenshot 

of the ahupua‘a boundary of Ho‘opūloa I obtained from 

the Kipuka Database. By the click of a button the cen-

troid is calculated instantly. Next, I used the screenshot 

with the centroid obtained to determine the approximate 

coordinates on google maps.
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CONCLUSION
The approximate coordinate of the centroid is 

19º11’19.30”N, -155º50’52.79”W. Errors in tracing and 

estimating the location on google maps needs to be ac-

counted for with the coordinates obtained. To achieve 

more accurate centroid a three dimensional  approach 

would increase the accuracy. In my research, discrep-

ancies were encountered with multiple resources of the 

boundaries of Ho‘opūloa. Due to time constraint, the 

Kipuka database was used to determine the centroid be-

cause of the additional information it possessed. Further 

research is need to identify the boundaries. This project 

allowed me to gain invaluable knowledge of my ‘ohana, 

Hawai‘i’s Land history, and CAD experience.

REFERENCES 
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Aerial view of lava advancing upon Hoopuloa landing 
from Mauna Loa eruption, Hawaii Island. [Height of lava 
flow 50 ft., width 1500 ft.]. (1926, April 18). Retrieved 
March, 2018, from http://gallery.hawaii.gov/gallery2/
main.php?g2_itemId=8994&g2_imageViewsIndex=1

www.kipukadatabase.com/kipuka/

www.ulukau.org 

Figure 4: Lava Flow of 1926 
Figure 5: Destruction of Makai Village of 
Hoʻōpūloa by Lava Flow of 1926

Figure 3: Location of Keliʻikuli Royal Patent Grants within Hoʻōpūloa

Figure 6: 
Centroid Coordinate Formulas 

Figure 7: Hoʻopūloa Ahupuaʻa with Location of Centroid

RESULTS
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INTRODUCTION
The University of Hawai‘i has made it its goal to become 

net-zero in energy across all 10 of its campuses as an 

effort to fulfill its Sustainability Policy [1]. While various 

mechanisms have been placed to achieve this plan, re-

search regarding water–a natural resource–is not consid-

ered a part of the plan. In Hawai‘i, rapid growth in popula-

tions leads to increasingly high demands for clean water 

and cities rely on underground aquifers for fresh water, 

which may not be able to keep up with the demands of 

water. Clean and dependable sources of water require 

electricity for cleaning, storage and distribution (Figure 

1) [2]. Thus, conserving water starts with understanding 

how much water is being used and for what purpose. Cur-

rent water meters focus on detecting appliance failure in 

water systems, but are cost prohibitive and do not track 

usage overtime [3]. 

Figure 1: O‘ahu’s Municipal Water System

To accurately track water consumption, the purpose of 

this research is to build a cost-efficient water monitor 

that records water usage from specific water sources. 

The data can be found on  a website to provide longitu-

dinal and reliable water consumption data at Kapi‘olani 

Community College and the information can be shared 

with the community and students in order to develop new 

ideas and actions to progress towards a more sustain-

able facility. 

METHODS
The device utilizes a flow meter that is attached to a fau-

cet and operated by an Arduino microcontroller that is 

connected to a Raspberry Pi computer (Figure 2). The Ar-

duino is programmed to constantly measure the amount 

of water going through the meter, and the data is sent to 

the Pi that then uploads the information to a server that 

can be accessed by on a website via NodeRED, a tool for 

IoT.

Figure 2: (a) Liquid Flow Meter(4), (b) Arduino Microcontroller, (c) Raspberry Pi 

FLOW METER

The liquid flow meter is from Adafruit which uses a pin-

wheel sensor to track fluid movement through a faucet 

or pipe. This flow meter was installed at the biology lab 

on campus which houses various sinks that are used for 

specific tasks. 

NODE RED 

The Arduino code is written to calculate the volume of 

water that flows through. The Arduino Uno Board is con-

nected to a Raspberry Pi, a computer which compiles the 

data from the microcontroller from a USB serial connec-

tion. The Arduino can only compile C/C++, and NodeRED 

This research for the Engineers for a Sustainable World club won 1st place in Traditional 
Knowledge at the 2019 Society for Advancing Chicanos/Hispanic & Native Americans in Science 
(SACNAS) Conference. She was the only community college student at the conference to receive 
recognition for their research.



60 | Pueo O Kū: Journal of Science, Technology, Engineering & Mathematics

CONCLUSION
Currently, graphs displaying water usage trends at the 

labs on campus can be accessed on the website. With 

the results obtained from the implemented water tracker, 

the data will be presented to supervisors and faculty who 

work in the labs in order to promote efficient water usage 

and facilitate efforts that reduce water consumption. Fu-

ture work involves installing more meters on campus and 

begin to record water usage at a larger scale.
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operates using JavaScript. In order to publish informa-

tion from the Arduino to an MQTT broker, a part of the 

code on the Arduino sends the data gathered with JSON 

to switch from C to JavaScript (Figure 3). On the Pi, the 

data is saved into an CSV file and uploaded to the MQTT 

broker (Figure 4). In case the data cannot be published to 

the MQTT broker, the data can still be found on the local 

storage on the Pi. The data is published to the NodeRED 

dashboard as a chart (Figure 5).

Figure 4: (top) JSON of 
flow meter readings on 
NodeRED

Figure 3: (left) JSON code on Arduino IDE

Figure 5: NodeRED flow on the Raspberry Pi

The flow meter data can only be accessed locally from the 

Kapi‘olani College internet. To access the data, users can 

see water consumption from a NodeRED dashboard that 

is subscribed to the MQTT broker (Figure 6). 

Figure 6: NodeRED on a seperate server that is subscribed to MQTT Broker

RESULTS
Once the meter is installed, it is connected to a Raspberry 

Pi computer that is running at all times. There is a pro-

gram on the Pi that measures the amount of water going 

through the meter at all times. As water flows through the 

meter, data is measured on the NodeRED dashboard, the 

graph collects and displays water usage throughout the 

day (Figure 7). With proper fittings, the flow meter can be 

attached to a faucet or pipe and measure water usage 

from one sink (Figure 8).

Figure 7: Flow meter 
installed in kitchen 
sink at 220 Grille on 
campus

Figure 8: Complete 
water tracker device 
(Not installed)
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INTRODUCTION
The presence of the intense UV Rays makes Hawai‘i an 

ideal place to utilize solar energy [1]. As of June 2019, 

the average cost of solar panels per watt in Hawai‘i is 

$3.90/watt. A typical 6000 watt (6 kW) solar system is 

$23,409 before the federal solar credit and $16,386 af-

ter claiming the federal solar tax credit. However, people 

don’t know how many solar panels they need and how 

to install their solar panels to avoid wasting money on 

excess solar panels. The purpose of this project is to test 

the difference in power of energy absorbency for solar 

panels installed in different way (fixed, single-axis track-

er, and dual-axis tracker). The purpose of this project is 

to test the difference in power between fixed versus sin-

gle-axis tracking panels as part of a larger collaboration 

to improve solar energy in Hawai‘i.

Figure 1: Hawai‘i has high levels of UV radiation [2]. 

Figure 4: Mount design

Figure 2: Model of PV panel and house Figure 3: Servo’s dimension

Figure 5: Arduino motor code

This research was presented as part of the Pre-Engineering Education Collaborative II (PEEC II) 
grant summer program, which seeks to recruit and retain Native Hawaiians and women  
into engineering. 

METHODS
On Arduino, a code was created (Figure 5)  to control our 

servo motor  to move the solar panel in different angles 

in order simulate the sun’s movement throughout the day. 

An 8in x 8in x 8in acrylic-based model house (Figure 6) 

was built as a placeholder to simulate the solar panel’s 

position. The Computer Aided Design (CAD) mount (Fig-

ure 4) was designed to match the servo’s dimensions 

(Figure 3). We chose polylactic plastic to 3D-print the 

mount due to its renewable nature. Finally, the PV panel 

was mounted on the house to conduct testing. 
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Figure 6: Final Iteration of PV Panel Mount 
and House

Figure 7: Final Iteration with Sun Model

Arduino software and circuit board were used to create 

a code (Figure 10) to act as a voltage sensor. The volt-

age (volts) was then converted to power (microwatts) by 

factoring in current (ampere) and resistance (Ohms). The 

peak power was found at 0.25V according to the power 

versus voltage graph shown in Figure 9. Figure 10 shows 

that 0.25V corresponds to 20 Ohms, which is why that re-

sistance was chosen for the load. The final setup for the 

data collection included the Arduino software, Arduino 

Uno circuit board powered by a laptop, the acrylic model 

house, 20 Ohms resistor, a fixed PV panel, the motorized 

PV panel, and a model orbiting Sun.

In iteration #1, a flashlight was used as the light source. 

Each trial was conducted by moving the flashlight over 

the PV panel, covering a 180-degree span to simulate the 

sun’s movement. Trial #1 analyzed a fixed panel scenar-

io and trial #2 analyzed a panel as it moved simultane-

ously with the Sun, mimicking a solar tracker. Both trials 

included a simulation for Summer/Winter Solstice and 

Spring/Fall Equinox, to examine how the difference in the 

Sun’s tilt can affect voltage. Voltage readings were then 

converted to power (microwatts). A problem identified 

was that manually moving the light over the panel was 

inconsistent and could yield errors in the data collection. 

This was addressed in iteration #2 by collaborating with 

another research team to incorporate a Sun model. 

In the final iteration, testing included the same condi-

tions as Iteration #2. The foci of this iteration was to col-

lect voltage and convert it to power, and study the solar 

tracking PV panel that was created. Displayed in Figures 

12 and 13 is the data collected from the fixed PV panel. 

The PV panel with solar tracker was programmed to move 

simultaneously with the model sun. This data is shown 

in Figures 14 and 15. Each graph displays the average 

Figure 8: Test with Power vs. Voltage Figure 9: Test with Voltage vs. Resistance

Figure 10: Average power generated by a fixed PV panel

Figure 11: Area under graph is energy generated from fixed PV panel

Figure 12: Average power generated by a PV panel with solar tracker

Figure 13: Area under graph is energy generated from PV panel with solar tracker
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power generated at different times of day with the cor-

responding angle simulated. The standard deviation was 

collected to examine the dispersion of the data values 

from the overall mean. 

RESULTS

Power generated from the PV panels was collected over 

a 12-hour span. The data collected is power as a func-

tion of time. Based on the graphs, two equations are de-

rived. The integral of the power is the area under its curve, 

which computes to energy (mW-hr). At time x, we will be 

able to predict the average amount of energy (mW-hr) 

that can be generated: 

Figure 14: Comparing the power generated from fixed vs. solar tracking PV panels during the 
different seasons.

CONCLUSION
Data collected from a fixed versus solar tracking PV panel 

provides evidence that a PV panel with solar tracker does 

obtain a greater yield of energy than from a fixed panel 

(Figure 14). Although, the current iteration was not able 

to effectively track the Sun’s simulated movement with 

the model PV panel due to the limited range of motion 

of the mount and the code being off by a half-second. In 

conclusion, providing a comparison model of cost-effec-

tive and energy-efficient solar panel options for people 

to buy, will play a key role in helping Hawai‘i to be 100% 

dependent on renewable energy by 2045.

REFERENCES 
1. Pukui, M. K. (1983). ‘Ōlelo No‘eau. Honolulu, HI: 

Bishop Museum Press. 
2. The Rise of Solar Energy. Figure 1. http://large.stan-

ford.edu/courses/2017/ph240/buncom1/
3. Colmenares, L. U., Coelho, S., Miller, S. A., Boomer, K. 

B., & Beer, J. Z. (2013). UV responses in Native Ha-
waiians and Pacific Islanders, and, Asians residing 
in Hawai‘i and in Maryland. Photodermatology, Pho-
toimmunology & Photomedicine, 29(3), 121–131. 
https://doi.org/10.1111/phpp.12035

4. Solar-Estimate.(2019).https://www.solar-estimate.
org/solar-panel-cost/hawaii

5. Jeff Ward-Bailey Correspondent. (2015, May 12). Ha-
waii hopes to be completely powered by renewable 
energy by 2045. Christian Science Monitor, p. N.PAG. 
Retrieved from https://kapiolanicc.idm.oclc.org/
login?url=http://search.ebscohost.com/login.aspx-
?direct=true&db=mat&AN=102608209&site=e-
host-live&scope=site

6. Chih-Chiang Wei. (2017). Predictions of Surface So-
lar Radiation on Tilted Solar Panels using Machine 
Learning Models: A Case Study of Tainan City, Taiwan. 
Energies (19961073), 10(10), 1660. https://doi.
org/10.3390/en10101660

ACKNOWLEDGEMENTS 
Mahalo nui loa to Dr. Aaron Hanai (Advisor), Li-Anne 
Delavega (PEEC II Coordinator), Megan Li, Jing Guo, Chris-
topher Blake (Peer Mentor), Sheri Lei Marzan, Brent Shi-
gano (Peer Mentor), Alden Fernandez (Peer Mentor), Jef-
frey Chen (Peer Mentor), Geena Wann-Kung, Kody Cosco, 
Nikki Arakawa, the Pre-engineering Education Collabora-
tive II grant (PEEC II: NSF award HRD-1642042), the Na-
tional Science Foundation (NSF), the Tribal Colleges and 
Universities Program (TCUP), and the STEM Pre-Academy 
program. 



64 | Pueo O Kū: Journal of Science, Technology, Engineering & Mathematics

MODELING HAWAIIAN PLANTS AS A JAVA CLASS HIERARCHY  
FOR ‘ĀINA-BASED LEARNING

Ronnie Kauanoe
Faculty Advisor: Lisa Miller, MS.C.

Kapi‘olani Community College

INTRODUCTION
This project was made for my STEM Research Experience 

in Computer Science (SCI 295CS) course taught by Pro-

fessor Lisa Miller at Kapi‘olani Community College. The 

project’s goal was to model Native Hawaiian plants as 

Java classes and create a graphical user interface (GUI) 

to display at the end of the semester. The GUI contains 

four columns. The first contains six “cards” that hold a 

This project was originally presented as a software demonstration at the Student Undergraduate 
Research Fair (SURF) in Spring 2019. The author was asked to provide a brief summary of his 
project for publication.

Figure 1: A simple UI to choose a plant from one of three families.

families’ plant buttons. The second is an image of the 

corresponding family class and plant classes taken from 

the UML diagram. The third displays an image of the plant 

and its general information. The fourth shows an image 

of the plant’s location on campus and its coordinates if it 

is found there.
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Figure 2: The plant’s class representation in the  
UML diagram.

Figure 3: An image of the plant and its general information 
(scientific/common names, origin, etc.).

Figure 4: The location of the plant if it can be found at 
Kapi‘olani Community College.

Additionally, I worked with Professor Mike Ross, a botany 

professor at Kapi‘olani Community College, who provid-

ed data for the six plant families, their plants, and his 

expertise in the field. Regarding the development of the 

classes, I wrote all the code for this project based on the 

UML diagram developed with Professor Miller. From this 

project, I learned how to create a semester-long itinerary 

and how to model abstract concepts into objects, which 

included finding common factors between the objects 

and how to make a superclass broad enough to include 

every child but narrow enough in scope to only apply to 

those concepts. This project also taught me how to better 

manage my time on self-driven projects and being more 

proactive in communication and acquiring information.
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KA HO‘Ā‘O ‘ANA ‘O COLIPHAGE I HAWAI‘I
Christian Bolacito

Faculty Advisor: Marek Kirs, Ph.D.
University of Hawai‘i at Mānoa

KA HO‘OPŌKOLE
Li‘ili‘i ka noi‘i e pili ana i  Coliphage i loko o ko mākou 

kaiāpuni. Ma ka ho‘okolohua ‘ana i ka huina o ke Coli-

phage ma loko o ko mākou mau kahawai ‘ōiwi. Hiki iā 

mākou ke ‘ike i ke ‘ano o ke ko‘ohune i loko o ko mākou 

mau kahawai.

I kēia wā, ma‘alahi ka hana ‘ana i nā ho‘ā‘o no ka wai 

ma‘ema‘e. E ho‘ā‘o i nā ko‘ohune ‘elua e hō‘ike i ka wai 

palekana no ka ‘au‘au.

Aia nā pilikia e noho ana i ke ko‘ohune ‘o Enterococci e 

noho ma ka ‘āina apuni o ka mokupuni. Ke ua nui hele a 

kāwili i ke ko‘ohune me ka wai. ‘O ka hopena hewa kēia 

nā helu ho‘opunipuni nui loa.

KE KUMU
I kēia mau lā, ‘a‘ole hō‘ike aku maika‘i nā hopena o nā 

ho‘ā‘o mua i ka wai pono.

‘Oi aku ka maika‘i o ke kawili ‘ana o ka hō‘ike Coliphage a 

me C. Perf.  Maika‘i nō ka hopena o ia hui ‘ana.

NĀ KI‘INA HANA
MAHELE 1

Aia ‘elua mau wahi e hō‘ike ana a puni o nā hale.

1. Kahawai uka; ma mua o nā hale

2. Kahawai kai; ma hope o nā hale

MAHELE 2

Ua hana au i ‘ekolu mau ho‘ā‘o ma ke ke‘ena ho‘okolo-

hua.

1. Ka ho‘ā‘o ‘o Enterolert no ka Enterococci

2. Ka ho‘ā‘o kalana wai no ka C. Perf

3. Ka ho‘ā‘o ‘o S.A.L no ka Coliphage

Ki‘i 1: CN13 a me FAMP coliphage

Ki‘i 2: hōʻahu o kahawai uka

Ki‘i 3: kaʻu hoʻokolohua ʻana

From the author: In this research project, I studied the different kinds of bacteria and viruses in 
the streams around Oʻahu. The results were astounding and led to my proposal of a more accu-
rate way to test water quality.



NATIVE HAWAIIAN ACADEMIC ACHIEVEMENT (NHAA) PROGRAM | 67

HOPENA
Concentration of Enterococci [mpn/100ml]

(C.Perf) Clostridium perfringens [cfu/100ml]

Coliphage [pfu/100ml]
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Awāwa ʻo Mānoa

kahawai uka kahawai kai

HOPENA NO ENTEROCOCCI:

He 580 mpn/100 hapa kaukani lika ka ‘awelike o ke ka-

hawai kai. 

He 390mpn/100 hapa kaukani lika ka ‘awelike o ke ka-

hawai uka.

HOPENA NO C. PERF:

He 107.7cfu/100 hapa kaukani lika ka ‘awelike o ke ka-

hawai kai. 

He 80.7cfu/100 hapa kaukani lika ka ‘awelike o ke ka-

hawai uka.

HOPENA NO COLIPHAGE:

He 31pfu/100 hapa kaukani lika ka ‘awelike o ke kaha-

wai kai. 

He 24pfu/100 hapa kaukani lika ka ‘awelike o ke kaha-

wai uka.

PANINA MANA‘O
I ka‘u noi‘i, ‘oi aku ka nui o ka‘u mau kaunānā ma mua o 

nā hō‘ike mua. I ko‘u painina mana‘o,po‘okela ka ho‘ā‘o 

pū ‘ana ‘o C.Perf a me Coliphage no ka ‘ike ‘ana o ka wai 

pono.

MAHALO 
Kāko‘o ‘ia kēia hana e NSF REU-Site award (no. 

DBI1560491) “Undergraduate Research Experiences 

in DNA-Based Discoveries in Hawai‘i’s Biodiversity”, iā 

Stuart Donachie a me Stephanie Kraft-Terry i ke kulanui 

o Hawai‘i. Ua heluhelu maika‘i ‘ia a ua ho‘opau ‘ia kēia 

hana e ‘Iwalani.
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THE EFFECTS OF MOON PHASES ON HURRICANES IN HAWAI‘I
Hannah DeSilva
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INTRODUCTION
The moon plays a very important role in the lives of Ha-

waiians. Each lunar phase has a specific Hawaiian name 

and were associated with times for planting, fishing and 

gathering. However, there has always been a debate on 

the role of the lunar cycle in the occurrence of natural di-

sasters. The purpose of this research is to analyze the ef-

fects of the Hawaiian moon phases on characteristics of 

hurricanes that have historically occurred in Hawai‘i. To 

provide a basis for my research, I have found hurricanes 

that have severely impacted Hawai‘i and determined the 

moon phase that occurred during each hurricane. I will 

take an in-depth look at the trends of the different moon 

phases and compare them with the actual characteris-

tics of hurricanes and determine a general relation be-

tween moon phases and natural disasters. 

KUMULIPO

I ki‘i [i]a e Wakea a Kaiuli 

She was found by Wakea in the deep sea 

A kai ko‘ako‘a, kai ehuehu 

In a sea of coral, a turbulent sea 

Lana Hina-ia-ka-malama he ka Hina-ia-ka-malama 

Floated as a bailing gourd.

Hina is the daughter of Hina-luai-koa (-vomiting coral) 

and is the granddaughter of Kai-uli and Kai-kea (Dark 

and Light sea).

The genealogy of Hina directly links her to the ocean, of 

which she has the greatest influence.  Based on the his-

torical excerpts of the Kumulipo, it concludes that Hina is 

closely related to ocean and aquatic life. 

Figure 1: Hinaikamālama

HYPOTHESIS
Moon phases can predict hurricanes in Hawai‘i.

RESEARCH
During my research, I analyzed six different hurricanes 

that impacted the Hawaiian island region and compared 

the findings with the moon phases that occurred during 

each hurricane. The hurricanes included: Hurricane Hiki, 

Hurricane Nina, Dot, Iwa, Estelle, and Iniki. While utilizing 

the Hawaiian moon calendar, I researched each moon 

phase associated with each hurricane according to the 

date the hurricane occurred. Below, I created a chart that 

list the name of the hurricane, the year the hurricane 

occurred, the characteristics of the hurricane, the moon 

phase associated with the hurricane, and the anahulu 

(10 day period) of the moon phase. The anahulu Emi, is a 

diminishing moon phase, that signals high tide during the 

beginning of the period, low tide during the middle, and 

high tide at the end of the period. Anahulu, Ho‘onui, is the 

rising moon phase, which signals high tide during the first 

five days and low tide during the last five days of the pe-

riod. Anahulu, Poepoe, is the rounding, full moon phase 

A cohort of first-year Native Hawaiian students researched the science behind mo‘olelo, which 
are myths, histories, and observations passed down through generations for the Papa & Wākea 
symposium.
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which signals low tide in the beginning of the period and 

high tide during the remainder of the phase.

HURRICANE AND MOON PHASE COMPARISON CHART 

Figure 2: Comparison Chart of hurricane and moon phase characteristics

Figure 3: Hawaiian moon phases

RESULTS
The results of my research show a number of correlations 

between hurricanes and the Hawaiian moon phases in 

Hawai‘i. Upon comparing hurricanes and their character-

istics, I found that all Category 1 hurricanes (that hap-

pened in Hawai‘i) occurred during the ‘Ole moon phases 

(‘Olekukolu, ‘Olepau, and ‘Olekulua). Another finding in-

dicated that Hurricane Iniki happened during a full moon, 

the only Category 4 hurricane that caused Moon phases 

can predict hurricanes in Hawai‘i the most damage 

in Hawai‘i history. By far the most interesting find was 

that Hurricane Nina, Dot, and Iwa (‘ole moon phases) 

occurred during low tide which was the opposite of my 

original thinking that hurricanes must occur during high 

tide. Through  my research, there are similarities between 

the moon’s effect on natural disasters, specifically hur-

ricanes, however, more research must be done using 

a larger sample size with more hurricanes to provide a 

stronger correlation. 

DISCUSSION
This research can help in the future because if the moon 

phases are what affects the natural disasters in Hawai‘i 

then a meteorologist can take the moon phases into con-

sideration when predicting the weather. This can also 

help with the typhoons in the Pacific Ocean near the Ja-

pan coast, where  dangerous typhoons take place. I hope 

to further my research and include all hurricanes that oc-

curred in Hawai‘i and analyze the similarities and 

differences. This type of information can be useful not 

only to meteorologist but solidifying the ancestral knowl-

edge of Native Hawaiians.
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INTEGRATING STEM AND CULTURE:
THE MOLECULAR TAXONOMY OF GIBSMITHIA

G‘voni Kalaiwa‘a, Feresa P. Cabrera, Monica O. Palano, & Alison R. Sherwood
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University of Hawai‘i at Mānoa

INTRODUCTION
The genus Gibsmithia, a red alga (Rhodophyta) occurs 

pan-tropically. The Hawaiian flora includes two known 

species G. dotyi and G. hawaiiensis, which are distributed 

throughout the Hawaiian Islands. Gabriel et all. Recently 

reported G. hawaiiensis to be a complex of at most 10  

putative species including G. hawaiiensis, Gibsmithia 

sp.1, Gibsmithia sp.2, Gibsmithia sp.3, Gibsmithia sp.4, 

Gibsmthia sp.5, G. malayensis, G. indopacifica, and G. 

eilantensis (2017). We sequenced collections of Gib-

smithia from shallow and mesophotic (30-150m) depths 

around the Hawaiian Islands.

Why do we need to do this? To integrate culture and sci-

ence and encourage Polynesians to use what our ances-

tors already knew and prove it true through the minds of 

science.

MATERIALS AND METHODS
DNA was extracted using 

ENZA Plant DNA kit (OME-

GA Bio-tek, Inc., Doravilla, 

GA, USA), according to the 

manufacturer’s specifica-

tion, Mitochondrial, plastid, 

and nuclear DNA sequenc-

es were sequenced from 

each specimen to compare 

and contrast the phylogeny of the Hawaiian Gibsmithia 

species with different markers. 

FINDINGS
THIS STUDY:

Potentially records Gibsmithia larkumii with previous dis-

tributions in Africa, Southeast Asia, Australia, New Zea-

land, and French Polynesia, in the Hawaiian Islands (Gui-

ry and Guiry, 2019), pending further investigation.

Reveals 33% of Gibsmithia species overlaps in shallow 

and mesophotic communities.

Extends distribution range of Gibsmithia hawaiiensis 

from subtidal up to the middle mesophotic waters (63m)

IMPLICATIONS

With constant collections of unidentified algae, we will 

gain a better understanding of biodiversity, ecology, and 

biology that rest in the shallow and mesophotic commu-

nities. These shallow and mesophotic algae will have 

lasting implications on conserving marine life, managing 

invasives and biodiversity.

The collection of mesophotic algae reveals a possible 

new species record of Gibsmithia larkumii in Hawai‘i.

Through the NHAA program, this student was able to conduct cutting-edge molecular taxonomy 
research as part of the DNA-based Discoveries in Hawaiʻi’s Biodiversity Research Experiences  
for Undergraduates (REU) summer program. See her full poster and the result of her work:  
https://bit.ly/2RJo2Bh

Figure 2: Molecular 
Faxonomy Tree

Figure 1: Gibsmithia larkumii in situ at French 
Frigate Shoals at 101 m. 
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CORRELATION BETWEEN VAPING AND LIPOID PNEUMONIA
Sean Buenaflor

Faculty Advisor: Jung Eun Kim, Ph.D.
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INTRODUCTION
Vaping is defined as the act of inhaling and exhaling 

vapor produced by an electronic cigarette (e-cigarette) 

or similar device. Studies have shown that vaping may 

be linked to a severe respiratory condition called lipoid 

pneumonia (Lipid PNA). Lipid PNA is a condition where 

lipids or fats accumulate in the alveoli of the lungs. There 

are different vaping devices that utilizes cartridges that 

contain different chemicals, such as nicotine and tetra-

hydrocannabinol (THC), the active compound in marijua-

na. Researchers hypothesize that the chemical Vitamin 

E acetate is responsible for vaping-related lung injuries. 

Vitamin E acetate is a synthetic compound found in skin 

creams, prevents oils from turning rancid and is now be-

ing used as a thickening agent in vaping cartridges.

OBJECTIVES
This research is aimed to see if the Vaping THC cartridges 

with the additive ‘Vitamin E acetate” leads to Lipid PNA. 

Another object is to spread information that vaping nico-

tine is not the cause of Lipid PNA and to help correct any 

misinformation people may have regarding e-cigarette 

use.

METHODS
Research was done mostly through online sources as this 

finding is relatively recent. I have reviewed scientific jour-

nals from the New England Journal of Medicine (NEJM), 

Center for Disease Control (CDC), and American Journal 

of Roentgenology (AJR). Other online sources include the 

NY Times, Truth Initiative and Vox. 

GRAPHS, IMAGES AND DATA REGARDING THC 
AND LIPID PNA

Cartridge	type: Usage
(%)

Exclusive	
use	(%)

THC	use 86% 34%

Nicotine	use 64% 11%

Table 1: Percentage of THC cartridge use prior to respiratory symptom onset (867 people 
surveyed) (CDC, 2019)

Table 2: Vitamin E acetate-containing THC cartridges ( Utah DOH, FDA, 2019)

Research	
group:

THC	
cartridge	
samples	
tested

Samples	
containing	
Vitamin	E	
acetate

%

FDA 19 18 90%

UTAH	DEPT.	
OF	HEALTH

225 108 48%

The Respiratory Care program teaches and trains students to care for patients with cardiovascular 
and pulmonary system disorders through an extensive 95-credits of coursework and laboratory 
training followed by hands-on experience in hospitals, labs, and home care sites. 
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RESULTS
As Table 1 shows, 86% of 867 vapers who began expe-

riencing vaping-related respiratory symptoms 3 months 

after usage stated that they have only used THC-cartridg-

es prior to symptom onset. Vitamin E acetate-containing 

THC cartridges were to be 90% in FDA group and 48% 

in UTAH Dept. of Health group (Table 2). Figure 1 shows 

how Vitamin E acetate affects the lungs. The whitish 

lines and spots indicate infection of the lungs. Table 3 

shows a medical study regarding five patients hospital-

ized in North Carolina for vaping THC cartridges con-

taining vitamin E acetate and their hospital outcomes.  

Three of the patients were admitted to ICU and one of 

them was intubated.

CONCLUSION

While it is still very early to conclude vitamin E acetate 

as the culprit for Lipid PNA in vapers, this research aims 

to prove that there is a relationship between the two. 

Studies and research regarding this topic have only been 

investigated this year (2019), but media coverage and 

reputable organizations such as the CDC have began 

making statements about the dangers of vaping THC 

cartridges. While arguably healthier than smoking ciga-

rettes, vaping still presents its own set of concerns and 

potential health risks. It should be advised that inhaling 

anything in your lungs poses dangers that may have 

long-term effects towards lung health.

SIGNIFICANCE

As new smoking methods and cessation options arise, 

people should be educated and be mindful of the 

potential harm they are unknowingly causing. Research 

should be done when people inhale any substance and 

understand the risks of their actions.

Figure 1: Effects on Vitamin E acetate on lungs

Table 3: THC cartridge vapers diagnosed with Lipid PNA in North Carolina. (Davidson et al, 2019) 

Number	of	
patients

5

Hospitalized? 5/5

ICU? 3/5

Intubated? 1/5

Discharged	and	
Survived?

5/5
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ABSTRACT
Poor sleep quality tends to be physically and mentally un-

healthy. On the other hand, moderate exercise is thought 

to improve sleep quality and improve physical and mental 

health.

The purpose of this study was to examine the relationship 

between physical activity (exercise) and subjective and 

objective indicators of sleep. Our main interest was to in-

vestigate the effects of exercise on sleep. We also tried to 

evaluate the difference in sleep evaluation depending on 

the type of exercise and the timing of exercise.

INTRODUCTION
Stable sleep is essential for wellness, though modern so-

ciety tends to lack sleep and physical and mental defects. 

College students need to pay attention to studying, work-

ing, and their families, which would lead to lack of sleep. 

Moderate exercise is known as a way to improve the qual-

ity of sleep and wellness. The articles that we choose 

and our experiment focused on a common point in the 

hypothesis–exercise could affect sleep quality involving 

sleep latency, mood when waking up, and alertness.

PURPOSE
The purpose of this study was to investigate the relation-

ship between experimental student activity and subjec-

tive/objective indicators of sleep. Our main interest was 

to investigate the effects of exercise on sleep. We also 

tried to evaluate the difference in sleep evaluation de-

pending on the type of exercise and the timing of exercise.

METHODS
•  Adopting 2-week experiment

       •  First week:  

            exercising for 20 mins during evening time

     •  Second week:  

             exercising for 20 mins during the daytime

•  The schedule to exercise

 •  Stretching on Monday

 •  Walking on Wednesday

 •  Guided exercise on Friday

•  Other techniques

 •  Phone App: recording sleep latency and length  

        of sleep

 •  Sleep diary: recording alcohol/ 

         caffeine consumption and the length of a nap

 •  Sheep dash: measuring alertness

 •  Epworth scale: recording feeling and mood

RESULTS

Participants Sleep Latency (avg)
Morning/ Evening

feeling/ mood 
(avg)

Alertness (avg) 

Aki 36.66 mins /17.24 min 3/3 0.596/0.4208

Satoko 21 mins/ 32 mins 5.3/5 0.2594/0.2464

Riho 27 mins/ 27 mins 11.66/11.3 0.4191/0.4692

Alysa 13.3 mins/ N/A 5/14 0.2435/0.33

Table 1: Result with Exercise

Participants Sleep Latency (avg)
Morning/ Evening

feeling/ mood 
(avg)

Alertness (avg) 

Aki 51 mins /32 min 3/3 0.710/0.537

Satoko 39 mins /37 mins 7/5 0.697/0.453

Riho 52 mins/ 71 mins 10/12 0.455/0.59

Alysa N/A/10mins 7/13 0.31/0.33

Table 2: Result with Exercise

PHYL 160 is an introduction course to the science of sleep, sleep research and medical disorders 
associated with sleep.
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Figure 1: ( The Actigraphy of a Participants)

ANALYSIS
•  Sleep diary

•  Epworth Sleepiness Scale

•  Phone app (Sleep Meister)

  •  We measured sleep latency,   

       time to fall asleep and wake up.

•  Sheep dash (BBC alertness game)

•  Compare sleep on nights with and  

 without exercise

DISCUSSION
For the first week of the experiment (incorporating exercise in the afternoon), 

there was no significant difference in subjective assessment. However, ac-

cording to the objective evaluation, the sleep latencies were shorter on the 

days when exercise was performed than without exercise. Therefore, it was 

argued that exercise improves most of the participants’ sleep latency, mood / 

feeling at wake-up, and arousal Table 1.

Similar results were obtained during the second week of the experiment (with 

exercise in the morning) Table 2.

In this experiment, the time of exercise did not significantly affect on our sleep. 

However, we found that our sleep is affected by whether or not we exercise.

The results of our experiments were consistent with the articles demonstrat-

ing the fact that studies consistently associated high exercise with better 

sleep quality.
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Aloha, my name is Nikki Arakawa and I will be graduating from Kapi‘olani Com-

munity College with an ASNS in engineering. In the fall, I am transferring to 

the University at Hawai‘i at Mānoa to pursue a bachelor’s degree in electrical 

engineering. Along with being a student, I also juggle being a single parent 

to a wonderful 6-year old while having two jobs.  I’ve participated in research 

projects that involved programming and circuit building for IoT and design-

ing sustainable energy solutions. As a student, I was given the opportunity to 

present my work in Washington D.C. and network with students and faculty 

from all over the country.

Truthfully, in the beginning, I wasn’t expecting to have been able to come this 

far. At the same time, I have had so much overwhelming support from my men-

tors, STEM faculty, and fellow classmates that I just want to let them know that 

I appreciate everything. This STEM program was more than just taking classes 

and going through the motions in order to attain a degree. To me, it was a 

chance to make friends that I could suffer with and climb a mountain together 

in order to attain a degree. This has been the best program as a foundation 

for my future.
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MELISSA LUM
New Media Arts: Interface Design
Kapi‘olani Community College
Art Director

Hi there, my name is Melissa and I am a student in the New Media Arts: 

Interface Design (NMA) program at Kapi‘olani Community College (KapCC).  

I am a designer who is very passionate about design with technology. I ap-

preciate the time, code, grid, typography, pixels, and details that goes to the 

product. As a designer, I gravitate towards a clean and minimalist design that 

reflects my inspiration. When it comes to technology, I’m fascinated and cu-

rious thinking about the 5 W’s, which bursts my creativity imagination to life. 

Working on Pueo O Kū, was like a puzzle. I started with putting the pieces 

together by setting up the structure (the edges/corner pieces) then gathering 

the content (picking the pieces) and seeing the big picture (making sure each 

piece fits). I hope that when you read this publication, you see how all those 

pieces fit into one picture.
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ANYA DIMITRIJEVIC
Health Sciences
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Peer Reviewer

Aloha, my name is Anya Dimitrijevic.  I am a sophomore and the current pres-

ident of the Health and Medicine Association (HĀMA) at KapCC. I am pursu-

ing a B.S. degree in biochemistry and aspire to attend medical school. I am 

fascinated by the cultural and biochemical aspects of Native American and 

Native Hawaiian medicinal practices, a topic I am currently researching here at 

KapCC. I am also interested in the psychology and chemistry of scent and how 

it affects our memories and emotions. I would like to thank Dr. Sheryl Shook, 

Li-Anne Delavega, Dr. Kathleen Ogata, and Carin Jaber for being such amazing 

supporters and introducing me to many wonderful opportunities within the 

KapCC STEM program. 

Working as a peer reviewer for Pueo O Kū, I was astonished by the vast amount 

of niche research topics and the complexity and specificity of some of the 

projects. “How does one even stumble upon a topic like this?” I wondered. 

Through reviewing these projects, I know I can better present my own future 

research. It also made me realize that there is a world of subjects waiting to be 

researched, and I am grateful to be apart of an institution that nourishes and 

encourages the pursuit of such knowledge.

CAMI BORJA
Biology 
Kapi‘olani Community College
Peer Reviewer

Hafa Adai! My name is Cami Rae and I was born and partially raised on the 

very small island of Guam. I am an ASNS student in my final semester of 

prerequisite classes for pharmacy school. When I started my college career, I 

didn’t have a clear direction and ultimately completed a Liberal Arts degree. 

Since being back, I’ve become a peer mentor in biology for the STEM Center. 

Through the STEM program, I have been given many opportunities for growth 

socially, academically, and personally. Although I’ve never been part of a con-

ference or have conducted any of my own research, I am fortunate enough to 

be surrounded daily by individuals who have. Being able to hear their experi-

ences and even volunteer my time to help with projects such as the Pueo O Kū 

have broadened my understanding of the research process and my apprecia-

tion for the research being done.
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Chemistry
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My name is Celeste Guiles, and I am in my junior year at UH Mānoa pursuing 

a degree in chemistry with a minor in physics. After I graduate, I will move 

on to graduate school for materials science on the mainland. From there, I 

would like to participate in research on materials in extreme environments, 

such as outer space or high heat conditions. I also intend to become a pro-

fessor and teach physics and chemistry. The science classes and teachers 

at KapCC allowed me to see that I had a passion for science. I have tutored 

in the KapCC STEM center for 4 semesters now, and it is one of the most 

enjoyable parts of my week. The STEM program has allowed me to learn how 

to teach, present a project, and to communicate with professionals in the 

field of science. What I have learned through the STEM program will and has 

already proven to be invaluable to my life and career. 

G‘VONI KALAIWA‘A
Biology 
Kapi‘olani Community College
Peer Reviewer

Aloha, my name is G‘voni Kalaiwa‘a. I have been a Kapi‘olani Community Col-

lege student for two years in biology and am also working on a sustainability 

certificate. I’m from Waimānalo and always wanted to teach young learners 

about the importance of sustaining the life that the Earth provides us. My 

future plans are to teach K-12 and incorporate sustainability into everyday 

learning. I have a twin sister named Giavonna, and I mention this so people do 

not assume that I can be in two places at once. 

The STEM and Native Hawaiian Academic Advancement (NHAA) programs 

shaped my educational career pathway. I presented research for the NHAA 

Papa & Wākea undergraduate research opportunity program under the guid-

ance of Keauhou Mitchell-Aldan and Keisha Nakamura. Since I’ve become 

an ASNS student, STEM always sends me research opportunities, summer 

programs, internships and more. I am glad to be part of this community. After 

seeing the different kinds of research students did, I was amazed and over-

whelmed by all the diversity and information students were able to find.  Each 

poster brings new stories, new reports, and is never the same thing twice. I am 

honored to have helped work on this journal and hope everyone finds it just 

as important. Mahalo.
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JIANNA ORIAS
Engineering 
University at Hawai‘i at Mānoa
Cover Art Artist

Jianna Orias is currently a senior in computer engineering at the University at 

Hawai‘i at Mānoa, set to graduate in December 2020. She is currently trying 

to pursue a career in software engineering and UI/UX design, hopefully on the 

mainland in the near future. She has always had a passion for art and design 

and wants to integrate that into her career somehow. Since joining the Kap-

CC STEM team in October 2018, she has created and worked on numerous 

designs, including KapCC STEM event and class posters, the Ho‘omanalowai 

STEM grant website, and the SURF website and program. She wanted to create 

a symmetric, modern design for the cover of the journal that focused primarily 

on the symbol of wisdom: the Pueo. But, since vectors and the pen tool are 

not her forte, she opted to digitally paint the cover for a more traditional feel. 

These students competed in the 

2019 NASA First Nations Launch 

High-Powered Rocket Competition, 

where indigenous college students 

across the country are tasked with 

designing, building, and testing a 

high-powered rocket. The team won 

2nd place overall, 1st place Oral 

Presentation, 1st place Written 

Report, and Best Rocket Aesthetic 

Award. 

(top left) Kapi‘olani Community College’s team Kulia i Ka Nu‘u members 

Melissa Martin, Abigail Trowbridge, Kahikimai‘anakekupulaninokala‘akea 

Alii‘fua, Jericho Acosta, Mikayla Shankles (team captain).





80 | Pueo O Kū: Journal of Science, Technology, Engineering & Mathematics

KAPI‘OLANI COMMUNITY COLLEGE | 4303 DIAMOND HEAD ROAD HONOLULU, HAWAI‘I 96816


