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What s the
|A Pinnacle

Project?

Similar to a Capstone Project

Choose a topic they are passionate
about

Investigate a problem or research a
gap

Find a solution or answer their
research question



Research Course

|A Research is a course in which students experience research through the
lenses of both the scientific method and design thinking. Over the course of
the year students will frame, execute and communicate their independent
research through |A's Pinnacle Project using industry best practices.

Students can work independently or with partners or small groups and are
encouraged to take the opportunity to have community and expert mentors
guide them through the chosen content area.
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Research- Two Main Approaches o

Designh Thinking Approach

* What problems are happeningin
the local/global community?

* How can things be improved?

1. Create a problem statement
2. Understand the problem

3. Develop a prototype revolving
around a solution

INNOVATIODN

Scientific Method Approach
* What has not been studied yet?

* What do you want to investigate
that no one has before?

1. Create aresearch question
2. Understand body of knowledge

3. Create a method designed to
find an answer



Research

THE RESEARCH PROCESS IS CYCLICAL

®

Research interprets the meaning
of the data, which leads to a
resolution of the problem, thus

confirming or rejecting the
hypotheses and/or providing
an answer to the question

that began the research

cycle. At this point, one
or more new problems
may emerge.

®

Research begins with a problem:;
an unanswered question in the
mind of the researcher.

®

Research looks for data
directed by the hypotheses
and guided by the problem.

The data are collected
and organized.

Research is
a cyclical
process.

®

Research defines the goal
in terms of a clear
statement of the
problem.

Research posits tentative
solutions to the problem(s)
through reasonable hypotheses.
These hypotheses direct the
researcher to appropriate data.

@
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INNOVATION

®

Research subdivides the
problem into appropriate
subproblems.

A c #, B E M T

FIGURE 1.1
The research cycle

Figure 1: Research Cycle (Ormrod, Leedy, 2016)
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Examples from Research-

Pinnacle Projects




How to Lead an Innovation Academy Club

Gavin Grubbs

Research Question: How can Innovation Academy students increase membership and
engagement in clubs at Innovation Academy?

Abstract and Background:
Since Innovation Academy (IA) is a mew school, all clubs are brand
new. The students of IA have made new clubs from scratch, which
can make them unstable and without vision.
Many clubs outside of IA have been created and led affectively,
which can be used to help teach the students of IA how to lead
their clubs. Though, IA is different than a normal high school,
which can affect how to lead a club affectively at IA.
Also, since clubs have leadership, meetings, and outside
activities, businesses could be used as a good model for how to
run a club. Businesses can also show how to promote or “sell” a
club, and how to keep “customer retention rate” high with club
members.

Hypothesis
My hypothesis is that the business practices would provide the
best results because it is something new and it will try to help the
culture of the club. | believe that both techniques will help
improve the club with how well they are run and the engagement
of its members.

Background Literature Review

| have read multiple books and articles on how to lead a club
and have read multiple books and conducted interviews on how
to lead a business. There were multiple things that | found
throughout my research that were similar in both clubs and
businesses. The most recurring idea is of a mission statement or
purpose, almost every article, book, and interview talked about
finding or creating a mission statement or purpose and building
the whole club or business around it. Also, | found that one of
the largest parts of creating a club and being a great leader is to
have conviction and passion for what you do; This will overflow
into your work and really thrust your club into the spotlight
(Mohler, 2012).

Another way to make your club stand out is finding your club’s
niche and promoting it, this can be done by asking the members
what they want in the club, as the purpose of the club is for the
members (Patin-Sauls, 2023). Finding out what the members
want in a club can help a leader to create goals for the club and a
vision for it to follow, which will bring passion into the members
and direction for club decisions (Mohler, 2012). This all and more
will be talked about in my IA Club Guidebook (Linked at the
bottom of the Digital Portfolio) which will also have details on IA
specific club tips and information to help club leaders not miss
deadlines and to be prepared for noticeable club events.

Method and Process Steps

| have conducted research on how to lead clubs and businesses
to be able to find strategies and models on how to lead an
Innovation Academy club. | have implemented these models and
technigues from my research into the club meetings of Fellowship
of Christian Athletes (FCA) to see what techniques helps the club’s
engagement and membership.

The first club meeting of the year, | took data on how “engaged” were the members
during the games, during the talk, all out of 5. | also took data on how many people
there were, of how the leadership felt about the meeting, how they looked during the
meeting, how much work they had to do, and how much work I had to do before the
meeting, still out of 5. | did not change anything so this could be the “base meeting”.

The second meeting of this year, | added the techniques from my research on how to
run a club. | added time for normal members to add their thoughts of the reason of the
club and anything that we could add to our club. This was to increase engagement of
the club members and to be able to add their ideas to make the club better. | still
gathered the same data as before.

The third meeting of the year, | added technigues from my research on businesses. |
focused on how to lead people and how to make a good culture for FCA. | worked with
the leadership team and added a mission statement for FCA, which can help a club stay
on track by putting all actions of the club through the lens of its mission. We decided
that the purpose for our FCA would be around training our members in the Bible and
making a community for the Christians of IA.

| used evaluative research methods to find the difference between the different
methods and techniques. | used gualitative and guantitative data gathered throughout
the observational study to conclude which is the best technique, and what mix of
techniques would provide the best results in a club.

Histogram of Engagement vs Meeting for IA's FCA

1/30/2024
2f27/2024
3/19/2024

4f16/2024

Engagement of "Enjoyment"” of "Enjoyment” of Engagement in Average Grade
Games Leaders Members Speaker

Results
At the start, the data showed a decrease of enjoyment in the
members of the club, though that came back up as the meetings
continued. Overall, the later meetings had a higher grade of
engagement then the previous meetings and had similar
numbers of people. Though there were many outside variables
could have produced these results. An example is that on March
19'" the speaker for the meeting was exceptional, which inflated
all the data. Also, the ratings are made by opinions and were
made in an unscientific environment, making each rating
unsound. This makes the data unreliable, even though the data
loosely supports the hypothesis.

Conclusion

The Experiment | have conducted here is too short and has too
many confounding variables to be able to make any conclusions.
The one thing that can be concluded from this experiment is that
there are many different variables in created a successful club.
Though this study was not made to find answers, it was test what
| had found in my literature review. In this the experiment was a
success, because it showed me that adding business and club
suggestions can increase effectiveness of a club and has given me
examples of how they can be implemented to be added to my 1A
Club Guidebook (Linked at the end of the Digital Portfolio).

Next Steps
Next steps for future research would be looking in how different
confounding variables affect the engagement and membership
of a club. This can be used for later to better test how leading a
club at 1A would change based on techniques based on other
clubs or businesses. | will use this information from this project
to lead 1A Fellowship of Christian Athletes, IA Robotics team, and
to help teach new leaders in my Scout Troop, Troop 143.
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HOW CAN PLASTIC WASTE BE EFFECTIVELY REPURPOSED TO PROVIDE SUPPORT FOR SUBSTANTIAL HOMELESS
POPULATIONS, CONCURRENTLY MITIGATING THE IMPACT OF WASTE ACCUMULATION ON VALUABLE ECOSYSTEMS?

By: Anushka Goray

= =, s -
Introduction Hypothesis/ CES Conclusion
In 2024, with global recycling rates at just Considering the time constraints, the main criteria of
9%, urgent action is needed to tackle success for this project is: Could this model successfully
anvironmental degradation. Bridging be implemented as a viable temporary home specifically

i g 2 in the Atlanta area and provide a higher quality of living Very compact
environmental studies and humanities, for these individuals? Success is determined by whether Small {height granting them shelter stability, we enable them to
" 3 wise) 1
this research explores methods of the shelters can withstand environmental disasters v focus on addressing other vital needs, such as
repurposing plastic to provide frequent in Atlanta and can effectively sustain purSLlng education and strengthening their financial
necessities required for modern day living ( Wi-Fi, - - stabillity. Additionally, by constructing these houses
= from environmentally degrading plastics such as PVC,
we can significantly mitigate the adverse impact these
As I was researching existing solutions, I found a materials have on the environment/ biodiversity. This
transform waste into resources, drawing prototype by Otahlo, a company with similar goals. not only addresses immediate housing needs but also
from initiatives like plastic blankets to Research However, their prototype is still quite rudimentary and sets a precedent for sustainable material repurposing,
envision larger-scale solutions like Case Study inflexible. This prototype is crucial as it provides a fostering a more conscientious approach to design
foundation for me to adapt their initial design to suit and resource utilization for the future.
Atlanta’s environment Here are the key components I

From initial research to the final model iteration, it's
evident that these sustainable houses offer an avenue
to a higher quality of life for homeless individuals. By

accommodations for the homeless, : :

Gt ! L electric appliances, comfortable living space). —— =
mitigating the waste's impact on Basic prototype
ecosystems. Ultimately, the objective is to

housing construction. Through a Tounderstand the severity of the damage caused by plastic
multidisciplinary approach and 3d pollution, I created case studies of locations with the most

modeling technalogy. this study intends plastic pollution and provided an in-depth analysis detailing considered in creating my preliminary modet Future Steps
z : examples of plastic pollution's impact on biodiversity loss, S
to formulate practical strategies to ecosysterninstability, and future health risks Ty report 1 Natural disasters: Through my research, I Since the project currently only showcases a
address homelessness and environmental included before and afterimages to show true nature of discovered that Atlanta is highly susceptible to digital model, the next steps involve creating a
issues simultaneously. thunderstarms because of hurricanes along physical prototype of the sustainable house. With
- £ Georg|_as coast. Taklng.thls into consideration, I an extended work period and moare experience in
Memoun designed a house with a vented structure, i
beach, India ! 2 3D modeling software, I can develop a more
allowing floodwaters to pass beneath the living - G Gelthat h s et
N i 3 interactive model that comprehensively illustrates
Through our understanding of sociology, area. Moreover, I incorporated angled roofs to S . 7 P i v 5 .
i 1 the layout and construction of the home beyond a
It's become apparent that the growing Content analysis BIRNEHE ralr‘lwla_ter ac:;um!f.ile:]tlon 20 Protectiic hisic I - tﬁe
issue of homelessness in our society has To better understand why homelessness was so prevalent sl ) i regk v et HsEe Eomporany : 3 ) h
fueled violence and deepened within certain areas, I used the contant analysis method to SLructures. Complex'ty and costliness thranSformmg plastlc
: = s analyze several reports which discuss tha predictive : materials into construction materials, the plan is to
socioeconomic barriers. As my awareness : Power: As part of the commitment to - T
F this d AT indicators for homelessness. I then cumulated this research Shcironbareal Sustainability e llbe collaborate with the company Othalo, who is in the
of this issue deepened, I became to create comprehensive labeled maps of the areas with the powered by . panels atalac an tha rook process oF patenting the technology for this
determined to focus my project on largest homelessness populations to determine whether 7 : o X 2
Given Atlanta's abundant sunlight, these panels purpose. Collaborating with Othalo could pave the

- - - PR T there was a correlation among certain
ImprOwing thalives of homeless ndividypls socioeconomic/geographic factors and a rise in are expected to generate sufficient energy to way for obtaining student grants to build these

or creating better living conditions for them. homalessnass. support all household functions. However, given sustainable houses in Atlanta and beyond.
During my research, I stumbled upon an = : Sasita Cliira the expense of solar panels, alternative options
episode of "Liv and Maddie" where the ! el ; County [ near such as hydro or nuclear energy are viable
| Silicon Valley) energy sources that balance affordability and
— efficiency while also minimizing environmental Citations/ acknow'edement
impact

characters ingeniously used recycled items

and scraps to construct a temporary
shelter. This inspired me to explore whether
similar approaches could be implemented
in our own homeless communities.

future impact on communitias, I interviewed a
w0 provided valuable insights into economic and
at is interview illuminated potantial

challenges and fina
M = implemanting/ cor rg this housing sol | e - 3 s xR
ate ria Is highlighting the versatility of my designs to suit other climatas Larger living | 4 : Palanc Region e S orld Hesith
such as those of South Asia Furthermore, the sociologist pointed aa y .._,";i,,“;'?j_."”“l"’“ ey T >'.7Ii"'=.urk
Data from research out that given the latest developments in funding for such - i
3d modeli ng software projects, there's a possibi 2 = initiative could generate | = — v Tl af

L % i ng my projec
amployment apportunities for individuals as it gaing maomentum




DEGRADATION OF 3D PRINTED BIOMATERIALS UNDER PHYSIOLOGICAL
CONDITIONS FOR THE REGENERATION OF KIDNEY TISSUE

Abstract

Thits study explones the degradation behavior of 2% celcium slginate bicink under simuleted physiologios

corditions representative of reduced kidney function Lo address the orgen shorlage crisks through
sdvenoements in 50 bioprinting far kidney tssis enginesrng. The resesroh sims (o sterming the effeo
of'sn =nvirorment that mimios acisosis pH, temperaturs, and pre-urine concentrations of & patiant with
compromised renel function on the degradation rate of calchum siginete, & popular bigink. The
experimentsl design includes ihe comparative analysis of bigink degradation under controlled lak
corditiors and simulated physiclogical conditions over & 25-hour pericd. The results Indicate & sign
Incresse in the degradation mte under simulst=d physioiogical conditians compared to the contral. This
rapid degradaticn sggests that while 2% calclum alginste sxhibits favorabss mechanioal properties for
bicprinting. apid biodegradation under dissass-mimicking conditions may render if ursuiiable far

sustained kidney tissue regeneration, which idealy requires a degnedation timedine thal maiches the rade|

of tissue formation snd Int=gration. This stusdy contributes to the fisd of regensrative medicine by

highiighting the Influence of spacific physiclogical veriabies on biomaterisl parformance, suggesting the

nie=d for further research o tallor bioink proparties to slign with the dynamic envircnment of human

Kldney Lissue more closely. The findings senve s 8 basis for fulure Investigetions Into akemative biainks

that can better withstand the specific chailenges of the renad environment, potentisily lesding to more
eftective solutions for kidney regeneration and s redsotian In transplant walting lists.

Background

Thiz argan shortege = 8 rapidly growing giobsl issue, with the demand for orgen transpents
surpassing the mnilable donors. ¥idneys, in partioular, have sesn = surge in demand, cantributing tothe
expansion of renal (kidrey] transpiant walting lists woridwide_ This izcue bs the motroeting fector behind
masny technigess and Idsas I regenerative medicing, & Tisd that sims to apoly engineering snd ife
sclence principles to promote regenaration and restometion of dissassd and Injured tesies or whole
oroans. One spproach IS the ides of 50 Bloprnting an orgen or kidrey tissue strscture with the ability 1o
stay viable ina patient body. 30 bioprinting Is essentialy 30 printing with "bloinks” or biclogically desived
maiterisis [1]. By using blometerisls and specific printing technigues,

made of bioccempstinle materials that maintain cells and aliows them to grow and regenerste 85 In vive, In
human system, argans or tieses systems [2]. Though this sounds promizing, there is o

the techrology: finding the right bloink for the structune end measuring It =5,

versatie blomaterisls used in the field includes celcium siginete because of Its avalsbiliy/low cast.
biscompatibllity, snd semilarity to human tizsus [ST4TST5 ] Mors specifically, 8 2% ceadoium siginate
composition hias been prowen to display the best mechanicsl properties stter 30 bloprnting [ 7] Thers
al50 & gap whikch lies within the existing research to identify how in vive conditions of & petient strugoling
from reduced kidney function imeact bioinks.

Methodology

(Quantitative experimentsl methodology wes chosen to exsmine the effect of Independent veriabies
[physisiogiosl oondlitions: soidesis pH, temperstine, and sohution that mimios humsn body pre-urine] on
= dependent variable (the degradation rate of the bioink, measured by mass over tme.}

1. Preparstion of Caicium Alginate Saltion:
Dissoive 39 of scdium alginate in £00m| of distiied water In s 1000mi largs
Place a magnetic stirrer at the bottom of the solution in the beader.

* Sbr et aspeed of 500 until edl the sodium eiginate powder IS dissotved.

Z.Freparation of Calolum Chioride Scéution:

* Purchese a0 8H calolum chioride solution.

* Prepere 800mi of 0.8M calcium choride solution In & stock besker.

3. Formation of Calclum Alginate Beads:

+ Emgdoy manuel extrusion using & syringe 1 drop formed Sodium skginete hydroged into the oslcum
chiaride salution.

- Remove besds from the solution, rinse with distilled water, and pat dry on s peper owsl,

4_Setupof Degradetion Experiment:

* Plsce weighes besds in separate Pein dishes ot 8 constant mass of 79085 the it timepoint.

* Labelpetr dishes 55 conbrol snd test.

* Submerge beads In thelr respective solutlons: distilled water for control and a -1 retic of eriificial
wrine and pH buffer solution for test.

* Incubste test dish In sn Incubator st 37°C.

©. Data Collection:

+ After 24 hours, remove beads from esch Feir dich, drainliguid, snd dry besds on 8 papes Eowel

* Measure the mass of beads after 24 howrs.

* Repest the procedure three times for e totel of three sxperimental irisls.

7. Data Anstysis:

* Caloulste the degradation rate of =noh SSmpds w2ng MASS MERSUrEMENES at initisl snd fnel
timepoints.

Adya Srinivasan

Research Question + Hypothesis

What effect does an environment that mimics physiological conditions of a patient struggling

from reduced kidney function have on the degradation rate of a calcium alginate-based
biomaterial?

Mull Hypathesis: There is no significant difference in the degradation rate of 2% calcium
alginate bioink at physiological conditions that mimic the human kidney environment of a
patient with reduced renal function whan compared to the bicink under conditions that do not
mimic the human body circumstances.

Alternate Hypothesis: The bisink comprized of 2% calcium alginate will have a different
degradation rate st physiological conditions that mimic the human kidney environment of a
patient with reduced renal function compared to bicinks under conditions that do not mimic
human body circumstances.

Results

Degradationrate(f) = (Wo — Wi¥We = 100%

Figere |- Formula used 1o caiouiale degradalion rebe from the nitial and finsl mass collected-

Tabie 1: average fmeal | | 0 Howrs | 24 Mormrs
change in mass of conirol and | | - {
Irestment samis for 2 iz | Centrel Sample 5y Ty
o the infiial 2nd final T T
tmeponts. | Trewiment Samphe ™ 200z
B

U Horme Tabie 2 Awerage|meen| degradation rabe of

control and trestment samgie for sl trisis at

| Carntral Sampln i the initial and finai limepoints.

| Treammcnn Sampte [

Results + Discussion

Observations

The researcher’s resulis reveal significant differences In degradetion retes and kiretios between the trestment and
conired samples, suggesting & significent Impact of the treetment on the degradation process.

At the 24&-hour time point of data collection, the resesncher sbserved 8 decresss In the mass of the irestment group and
the conirod, howsever, the trestment groue displayed s much maore signiticant decresse | Tebie 1. The degradation nate
‘wias also Seen to be significently different. The ineaiment sample, which wes placed in an ervironment thet mimics that
of human body temeerature, acidosks pH., end pre-urine conceniretions, had & much higher degredation rateefier 25
houwrs | Table 2]

The cbserved difference in degradetion rate of the treatment group highlights that under physiclogicel conditions,
blodegradation accurs much quicker, underscoring a potentisl impact in regenemtive medicine and heafthoars inthe
future.

Implications

Though the difference in dzgradation rate of the treatment group IS significant, that does not mesn it IS ideal for the
regenerstion of kidney tissue for clinicel appications. idesl degradation of 8 biomaterial s detemined by comparing the
measured degradetion tothe refe of tesue formation end cslulsr ECH replecement in the target tissue. Forkidney
tissuz, full tissus repiscment falls Lnder twa 1o thres weess [11] To snatyzs it the deomdstion rate of 2% ceiclum
miginate undes péresicdogicel conditions (the trestment group] falls under this time frame for tizsus replscement, the
researcher compares the iresiment group’s degradation at 24 hours o the exp drate ue regeneration. As
dispiayedin Tabée 2, the average rate of degradation for the trestment sampés after 24 hours s 61.54%, therefore. the
resesroher oan ifer that the 100% degradation wousd Scour kang befare the 2-week mask, not #silng In between two to
Ehnee wesis of Lizsue regeneration. Thersfore, this swggests thal 2% calolum elgirats does not act =x s visble
biometerial under the physiciogical veriebles tested In this study In regerd to blodegredability heiping to Inform futurs
resesroh. By identitying that this biomateris may degrade too guickly Invive, this study heips sclentists save times inthe
fustiars srd focus on other biomaterals forthe crestion of & kidney sceffolding.

Conclusion

The findirsgs froem this study have sBowsd the researcher to conchude that under simusted
physialogical conditions, the dsgradation mite of 2% calchum siginate |5 too quick for the formation of &
kidney scaffold. Kidney tissue formation will not be ebie fo replace th blomaterial scaifold
fomake a funclionel strecture. This suggests thed integrating e scaffold made of 2% calcium siginate,
though It iss the best mecharicsl properties, cannot beussd for sn sftective kidney scatfolding urder
the physiological conditions mimicked by acidasis pH butter, body temperature, snd blomolzoules
foaund In pre-urine concentrations.

In terms of the discipdine of béomed|cel #nginsering and regensrative medicine, this research
contributes a narrow gap In the fizld &5 It examines degradation of & 2% calchum algin under
physéologioal conditions In the lab that mimic thet of & patiznt with reduced kianey function. Though
other stdies meesure degradation rete of calclum eiginate concentrations, no study focuses on the:
specific conditions stwdied In this nesearoh. This new knowiedge stands 10 steer future resesrch of 30
bloprinting technologies towards mone personell medical appiicetions. Ey talaring the bicinks to
degrads et rates congruent with the body's natural tissue formation, this study supparts & shitt
towards trestments thal ere regensrative.

Limitations + Next Steps

Some lImiteticns to this res=arch inchuds the fact that the physiological conditions, despite being
carefully msnipulatsd to mimic the I vivs Snvirorment, cannot iuly replicate the dynamic snd

=d nature of ine numan body. Aleo, 1his study focused on pursly Diomateria-besed

o test degradation. However, during the process of bullding & kidney scaffold, kidney stem
cells will b2 Incorparated Into the biomaterial iydrogs Berare Empdsntatian in the humsn body which
mey impact the degradetion kinetics af the bloink. In addition, due to resource, time, and lab
avallabllity constraints, this study’s Himeframe wes Bmited to 2& hours which may ot fully capiure
nie long-t=rm degradation kinstics reievant to Kidney Uisoee regensaretion, snd bacsuse only I trsis
compieted, thens IS not & wisble statistical test that oan very these results statistically sigrificant.

HMaoving forward, the next sieps of the research involve extending the durstion of data collection end
obeservetion to capture long-term degradation trends. This will help to further solidify the difference
In deredation rates between biomaterisls placed under conditions that mimis physiciogicsl
envirocnments and blomaterisis in isb se2tings. It will also be Imperative to test & broader rangs of
bioinks, blomaterial concentrations, and hydrogel combinations to verify the most effective bioink
farmadation for kidney fizswe coatfoiding. Additionelly, fuhure studies chould sttempt to integrate s
more comprehensve range of physiological variables, such as the presance of immune cells or biood
flow dynsmics, to simulste the In vive erviranment snd strengthen the findngs for futurs
Impdications more chossly. Ultimatedy, & long-rangs Joal for this discipiine includes In viva stusdies

with patients which would be essential to velldsi = findings af this reseerch and o teke the crucial
steps from the lsboretory to clinicel applicedicn, helping to solve the organ shortage orisis and
growing transpisnt walting list.
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Opportunities for Pinnacle Project

* Grants procedure
e Students can apply for a grant

* School IRB (Institutional Review Board)
* Replicates the IRB process that university students and professionals encounter

* Leverage for college/job interviews
e Students learn so much from Pinnacle Project

* Students should consider publishing
* Journal of Emerging Investigators
* Many others



Questions?
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