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3SIGMA Research Club

Welcome to the Research Club!

The Research Club is an organization that's geared towards 
faci l i tating STEM-related student r esearch. Throughout the school 
year , the Research Club hosts presentations from renow ned 
scientists, biological lab exper iments, preparation sessions for  
var ious r esearch competi tions, and  workshops on applications to 
summer  r esearch programs. We are the main club at Stuyvesant that 
is dedicated to foster ing students' r esearch interests and prepar ing 
them for  greater  oppor tuni ties. Each semester , we publish SIGMA, so 
that members of the Stuyvesant Research Club community have 
access to scienti f ic mater ial w r i tten by their  peers. We also 
encourage our  members to annotate ar ticles w r i tten by their  peers, 
helping the scientists of tomor row  bui ld up the w r i ting and 
communication ski l ls necessar y for  r esearch.

This edi tion features many of this year 's graduating senior s' r esearch 
r epor ts, which were submitted to Regeneron Science Talent Search 
Competi tion and var ious other  prestigious competi tions. To mark the 
star t of a new  decade, we also have a special "A Decade in Science" 
section, which highl ights some of the many breakthroughs scientists 
have achieves in this past decade.  

The club  hopes to motivate i ts members in actively engaging in 
scienti f ic discussions and gaining valuable exper ience by r eceiving 
feedback to improve their  scienti f ic w r i ting. Throughout this fal l  
semester , we have seen tr emendous grow th in al l  of our  
contr ibutor s,  and we are glad to publish their  work here.
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Per for m ance Invest i gat i on of  Deep 
Lear n ing vs. Classi f i er  for  Polyp

Di f fer ent i at i on v ia Tex tur e Featur es
Yeseul Choi

Annotated by Chr is Dong, Stephen Lee, Dave Jiang, Ar yan 
Ruparel, Wasi Shahr iar , Nina Shin,  and Grace Yang

Com puter -aided diagnosis (CADx ) of polyps is essential for  
advancing com puted tom ogr aphy colonogr aphy (CTC) w i th 
diagnostic capabi l i ty. In this paper , we present a study of 
investigating the per formance between deep lear n ing and Random  
For est  (RF) classi f ier  for  polyp di f ferentiation in CTC. Results 
demonstrated that by balancing the data, both CNN m odel  and RF 
classi f ier  can learn or  analyze features effectively, and achieve high 
per formance. This demonstrated that CNN model have the potential 
to improve the classi f ication task per formance when dealing w ith 
larger  dataset. This study provided valuable information on how  to 
design exper iments to improve CADx of polyps.

Abst r act

Int r oduct i on

Colorectal cancer  begins as polyps, which are abnormal tissue 
grow ths on the l ining of the colon. The stage of colorectal cancer  
depends on how  deeply the polyp has grow n into the colon wall  and 
whether  the cancer  has spread outside the colon or  r ectum. Thus, 
ear ly detection and removal of malignant polyps can prevent cancer  
from grow ing and developing, r educing the r ate of colorectal 
cancer. Computed tomography colonography (CTC) has been 
developed as a new  minimally-invasive screening technique3-7, 
show ing i ts advantages compar ing to the tr adi tional opt i cal  
colonoscopy (OC). Computer  aided diagnosis (CADx) of polyps has 
great potential to r educe CTC interpretation burden and fur ther  
advance CTC w ith diagnostic capabi l i ty8-12. In our  previous 
r esearch work13, we have developed a CADx scheme using texture 
feature extr action and analysis for  polyp di f ferentiation via CTC. 

The size of a polyp cor relates w ith the r isk of the colorectal 
cancer20. In this work, we analyzed polyps w ith size of 6 to 30mm 
from a CTC database. According to their  size, polyps were spl i t into 
two groups, w ith 6 to 9 mm polyps (small size), and 10 to 30 mm 
polyps (medium size). Then we investigated the per formance of our  
models applied to those groups. In general, there are six pr imar y 
types of polyps: hyperplastic, ser rated adenomas, tubular  adenoma, 
tubulovi l lous adenoma, vi l lous adenoma and adenocarcinoma. 
Hyperplastic polyps usually do not car r y a r isk of developing into 
cancer  and are considered nonneoplast i c in histopathology. 

   

In com puter -aided diagnosis 
(CADx ), a r adiologist uses a 
computer  analysis of medical 
images to make his or  her  diagnosis. 
This paper  investigates two 
algor i thms that can fur ther  analyze 
and categor ize polyp images for  a 
doctor  to make more accurate 
diagnoses.

Com puted tom ogr aphy 
colonogr aphy (CTC) uses special 
x-r ay equipment to examine the 
large intestine for  cancer  and 
polyps. Dur ing the exam, a small 
tube is inser ted a shor t distance into 
the r ectum to al low  for  inf lation 
w ith gas whi le CT images of the 
colon and the r ectum are taken.

Deep lear n ing is a machine 
learning technique based on brain 
simulations. I t uses data to learn 
how  to predict and classi fy 
information. This study obser ved 
how  deep learning classi f ied types of 
polyps.

Opt i cal  colonoscopy (OC) - 
Dur ing a colonoscopy, a f lexible tube 
w ith a small lens and video camera 
is passed through the length of the 
colon.

CNN m odels, or  convolution 
neural network models, is a deep 
learning algor i thm that analyzes 
images (in this case, images of 
polyps). 

Method

Random  for est  uses multiple 
individual decision tr ees, which 
classi fy data into separate branches 
depending on the presence of a 
speci f ic feature, to make predictions 
and classi f ications, simi lar  to deep 
learning. Random forest was used in 
this study to classi fy types of polyps.

Nonneoplast i c masses are 
changes in tissue that are not 
cancerous.



Resul t s

The dataset used for  the exper iments in this study consists of 1278 
polyps (839 polyps w ith size of 6-9 mm; 439 polyps w ith size of 10-30 
mm) found through CTC and confi rmed by OC. Among them, there 
are 216 nonneoplastic polyps in the 6-9 mm group and there are 57 
nonneoplastic polyps in the 10-30 mm group. For  deep learning 
fr amework, in order  to test the consistency, we created two di f ferent 
CNN models, one w ith a sigm oid funct i on  and another  w ith a 
sof tm ax  funct i on  for  the output layer. The sigmoid CNN used two 
convolutional layer s and two max pooling layers, w i th a dropout = 
0.4. This model used the Adam  opt im izer  w i th a learning r ate set to 
0.00005. Binar y cross-entropy was implemented as the loss function. 
The softmax CNN had two convolutional layer s and one pooling 
layer , w i th a dropout = 0.3. This model used the SGD opt im izer  w i th 
a learning r ate set to 0.0005. The loss function was set as categor ical 
cross-entropy. Batch nor m al i zat i on  and the ReLU activation was 
applied to the convolutional layer s on both models. Both models 
used a batch size of 16. In this work, two-fold cr oss-val i dat i on  
concept was used to evaluate the per formance via the mean of area 
under  the cur ve (AUC). In addition, we randomly generate 50 r uns 

Conclusion

In this paper , we present an investigation of the classi f ication 
per formance for  polyp di f ferentiation in CTC between deep 
learning and RF classi f ier. Instead of using image patches, we 
applied an ex tended Har al i ck  featur e m odel  and uti l ized the 
GLCM in extr acting and encoding the or iginal 3D CT image 
information into 2D matr ices, which were fur ther  used for  polyp 
classi f ication in the study. Based on the GLCM features, we 
investigated the polyp di f ferentiation per formance of two 
state-of-the-ar t fr ameworks: the eHM texture features/RF and the 
GLCM feature matr ices/CNN. Exper imental r esults demonstrated 
that by balancing the data, both the CNN model and RF classi f ier  
can learn or  analyze features effectively, and achieve high 
per formance. The RF classi f ier  in general outper formed the CNN 
model w ith an average gain of 6.4% for  the balanced data sets and 
5.4% for  the unbalanced data sets, show ing i ts effective in feature 
extr action and analysis for  polyp malignancy di f ferentiation. Since 
deep learning methods requir e large amounts of data, the CNN 
model can be improved through the addition of new  data w ith an 
average gain of 3.6% for  the balanced.
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A sigm oid funct i on  has a r ange 
from 0 to 1. These values do not 
necessar i ly r epresent probabi l i t ies 
as they do not need to sum to 1. 

The sof tm ax  funct i on turns the 
output into probabi l i t ies of the 
potential outcomes that sum to 1.

ReLU is an activation function, 
which al lows a neural network to 
make non-l inear  functions for  
r elationships in data.

An ex tended Har al i ck  featur e 
m odel  allows for  the establishment 
of contrasts between di f ferent 3D CT 
images, whi le show ing a cor relation 
between the di f ferent polyps.

Adam  opt im izer  is a learning r ate 
optimization algor i thm which f inds 
the best f i t in a set of cr i ter ia or  
constr aints.

SGD opt im izer  tr ains neural 
networks (which identi fy 
r elationships in data) faster  than 
other  algor i thms. 

Batch nor m al i zat i on  improves 
the speed of neural networks.

Cr oss val i dat i on estimates the 
accuracy of the model (in this paper , 
the cross val idation was used in 
measur ing the accuracy of the RF 
and CNN models).

On the other  hand, ser rated polyps, tubular  adenomas, 
tubulovi l lous adenomas, and vi l lous adenomas pose the r isk of 
developing into cancer  whereas adenocarcinoma is a most common 
type of colorectal cancer. They are classi f ied as neoplastic in 
histopathology and could be potential ly malignant or  malignant.



Explor ing t he Ef fect s of  a Missing Class 

Sw it ch Recom binat ion Prot ein on Brain 

Funct ions in Mice

Shreya Paul

Annotated by Dave Jiang, Stephen Lee, Law rence Li , Jul ia Wu, 
and Amanda Zhong 

MSH2 is a DNA mismatch r epair  protein that is used in the DNA 
repair  process and can be found on chromosome 17 in humans. I t is 
a tumor  suppressor  gene and the loss of this protein can lead to 
Her edi tar y Nonpolyposis Color ectal  Cancer . In this exper iment 
we studied the loss of the MSH2 gene in mice on their  brain 
development, speci f ical ly their  neuronal densi ty. We counted 
neurons by staining for  the NeuN protein, which is a biom ar ker  for  
neurons. The wi ldtype would have a lower  neuron densi ty 
compared to the knockout  because the loss of the MSH2 protein 
might hinder  neur ogenesis in the tr ansgenic mice. Our  r esults 
indicated that the w i ldtype did express a much higher  neuron 
densi ty compared to the knockout.
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Int r oduct i on

MSH2 DNA mismatch r epair  protein, also know n as MutS protein 
homolog 2, is encoded by the MSH2 gene in humans. MSH2, a tumor  
suppressor   gene, is located on chromosome 2. The MSH2 protein 
forms a heter odim er  w i th MSH6, another  DNA repair  protein to 
make the human MutS? mismatch r epair  complex.  General ly 
speaking, MSH2 protein is used in the DNA repair  process, 
speci f ical ly in tr anscr iption-coupled r epair , hom ologous 
r ecom binat ion , and base excision r epair  (Pi tsikas, Lee & Rainbow , 
2007, p.22). In mice, the MSH2 gene is located on chromosome 17.  

Nonpolyposis means that 
colorectal cancer  can occur  when 
only a small number  of polyps are 
present (or  polyps are not even 
present at al l). Polyps are abnormal 
tissue grow ths that often look l ike 
small, f lat bumps or  tiny mushroom 
stalks. Colorectal cancer  is a cancer  
that star ts in the colon or  the 
r ectum. 

Wi ldtype r efer s to the phenotype 
of the typical form of a species as i t 
occurs in nature. 

Knockout  A  gene knockout is a 
genetic technique in which one of 
the organism's genes is made 
inoperative.

Neur ogenesis is the process by 
which the neurons are produced by 
neural stem cells.

A Nuclear  Local i zat i on 
Sequence is an amino acid 
sequence that "tags" a protein for  
impor t into the cel l  nucleus by 
nuclear  tr anspor t.

ATPase are a group of enzymes that 
catalyze the hydrolysis of a 
phosphate bond in adenosine 
tr iphosphate (ATP) to form 
adenosine diphosphate (ADP).They 
harness the energy r eleased from 
the breakdow n of the phosphate 
bond and uti l ize i t to per form other  
cel lular  r eactions.

Heter odim er  is a protein 
composed of two polypeptide chains.

Hom ologous r ecom binat ion is a 
type of r ecombination  in which 
nucleotide sequences are exchanged 
between two simi lar  or  identical 
molecules of DNA.

MSH2?s role in DNA mismatch r epair  is that i t dimer izes w ith MSH6 to 
form the MutS? complex, which is involved in base mismatch r epair  
and shor t inser tion/deletion loops. Conversely, MSH2 does not have a 
nuclear  l ocal i zat i on sequence (NLS), so i t is bel ieved that MSH2 and 
MSH6 dimer ize in the cytoplasm and then are impor ted into the 
nucleus together. In the MutS? dimer , MSH6 interacts w ith the DNA 
for  mismatch r ecognition whi le MSH2 provides the stabi l i ty that 
MSH6 requir es. MSH2 can be impor ted into the nucleus w ithout 
dimer izing to MSH6, MSH2 is y dimer ized to MSH3 to form MutS?. 
MSH2 has two interacting domains w ith MSH6 in the MutS? 
heterodimer , a DNA interacting domain, and an ATPase domain.

Fig1. The location of the MSH2 gene in humans on 

Biom ar ker  r efer s to a molecule  
that indicates the existence of a 
substance. An example is NeuN 
which indicates the existence of 
neurons.

Abst r act



The MutS? dimer  scans double str anded DNA in the nucleus, looking 
for  mismatched bases. When the complex f inds one, i t r epair s the 
mutation in an ATP dependent manner. The MSH2 domain of MutS? 
prefer s ADP to ATP, w ith the MSH6 domain prefer r ing the opposi te. 
Studies have indicated that MutS? only scans DNA w ith the MSH2 
domain harbor ing ADP, whi le the MSH6 domain can contain ei ther  
ADP or  ATP (Qiu, DeRocco, Har r is, Sharma, Hingorani , Er ie & 
Weninger , 2012). MutS? then associates w ith MLH1 to r epair  the 
damaged DNA.

MutS? is formed when MSH2 complexes w ith MSH3 instead of MSH6. 
This dimer  r epair s longer  inser tion/deletion loops than MutS? 
(Dowen, Putnam & Kolodner , 2010, p. 30). Because of the nature of 
the mutations that this complex r epair s, this is probably the state of 
MSH2 that causes the m icr osatel l i te i nstabi l i t y phenotype. Large 
DNA inser tions and deletions intr insical ly bend the DNA double 
helix. The MSH2/MSH3 dimer  can recognize this topology and ini tiate 
r epair. The mechanism by which i t r ecognizes mutations is di f ferent 
as well , because i t separates the two DNA str ands, which MutS? does 
not (Gupta, Geller t & Yang, 2012, p. 19). Mutations in MSH2, cause 
DNA damage to go unrepair ed dur ing r epl ication, and increase 
mutation fr equency. These mutations can accumulate throughout a 
per son?s l i fetime and can lead to diseases such as Hereditar y 
nonpolyposis colorectal cancer  (HNPCC), also know n as Lynch 
Syndr om e. 

NeuN, also know n as Hexar ibonucleotide Binding Protein-3, is a 
neuronal nuclear  antigen that is commonly used as a biomarker  for  
neurons. A few  neuronal cel l  types are not r ecognized by NeuN 
antibodies, such as cerebellar  Pur k in je cel l s and Golgi  cel ls, 
olfactor y Mitr al cel ls, r etinal photoreceptor s and gamma motor  
neurons, but the major i ty of neurons are strongly NeuN posi tive. 
NeuN im m unor eact iv i t y has been w idely used to identi fy neurons 
in tissue sections and to measure the neuron/gl ia r atio in brain 
r egions (Herculano-Houzel, 2005, p. 25). NeuN immunoreactivi ty 
becomes obvious as neurons mature, typical ly after  they have 
dow nregulated expression of Doublecor t i n . 
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Micr osatel l i te i nstabi l i t y  r efer s 
to the phenotype of the typical form 
of a species as i t occurs in nature.

 Fig2. Antibody staining for  NeuN in the adult r at cerebellum in green.

ADP r efer s to Adenosine  
Diphosphate, which  assists the f low  
of energy in l iving cel ls.

Im m unor eact iv i t y  r efer s to the 
abi l i ty to r eact to par ticular  antigens 
and haptens. Haptens are r elatively 
small molecules that el ici t immune 
response only when attached to a 
larger  car r ier  such as a protein.

Pur k in je cel l s are neurons in 
ver tebrate animals located in the 
cerebellar  cor tex of the brain.

Doublecor t i n  is a microtubule 
(MT)-stabi l izing protein essential for  
neuronal migration dur ing human 
brain development. Missense 
mutations in DCX cause severe brain 
defects.

Lynch Syndr om e a type of 
inher i ted cancer  syndrome 
associated w ith a genetic 
predisposi tion to di f ferent cancer  
types. This means people w ith Lynch 
syndrome have a higher  r isk of 
cer tain types of cancer.
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Resul t s

Fig3. and Fig4. are confocal images of the microscopic sl ides w ith the 
w i ldtype and knockout brain hemisphere sl ices r espectively. Each 
f luorescent dot on the image represents a neuron that NeuN marked. 
The more f luorescence in an image means more neurons present in 
that image and a higher  neuronal densi ty. Inspection by the naked 
eye shows that Fig3. has more f luorescence than Fig4., which makes 
us think that the w i ldtype had a higher  neuronal densi ty compared 
to the knockout. This is suppor ted by Fig5. which compares the 
average neuron densi ty in di f ferent r egions of the brain. However  
Fig3. and Fig4. are ver y high r esolution images and the neuron 
densi ty di f fer s in di f ferent r egions of the brain. Instead of analyzing 
both f igures at once, each f igure was broken up into several simi lar  
sized crops from simi lar  r egions of the brain. For  example, Fig3. was 
cropped into six sections: f ive crops from the upper , middle, and 
lower  cor tex and a crop of the hippocampus. The same steps were 
r epeated on Fig4. so that we could compare the neuronal densi ty in 
di f ferent par ts of the w i ldtype and knockout brains and accurately 
draw  conclusions based on that. Fig6. - Fig17. are al l  zoomed in crops 
from ei ther  Fig3. or  Fig4.

This exper iment tested the effect of the loss of the MSH2 gene on 
neuronal densi ty in a t r ansgenic mouse w ithout the MSH2 gene 
(knockout) and i ts cor responding w i ld type using NeuN as a 
biomarker. Mice can easi ly be genetical ly manipulated to r epl icate 
conditions in humans. The mice were around two months old, which 
al lowed us to study their  juveni le ner vous system and brain. The 
mice were per fused, their  brains extr acted and sl ices, and the sl ices 
under went im m unohistochem ical  stain ing for  NeuN.

Tr ansgenic r efer s to an organism 
that contains a genetic mater ial into 
which DNA from an unrelated 
organism has been ar ti f icial ly 
introduced.

Fig3. Confocal image of w i ldtype MSH2 
mouse  brain hemisphere stained for  

neuron densi ty NeuN protein

Fig4. Confocal image of knockout MSH2 
mouse brain hemisphere stained for  
neuron densi ty w ith NeuN protein

Im m unohistochem ical  stain ing 
r efer s to a method for  
demonstrating the presence and 
location of proteins in tissue 
sections.

NeuN is a protein which is a 
homologue to the protein product of 
a sex-determining gene in 
Caenorhabditis elegans, is a 
neuronal nuclear  antigen that is 
commonly used as a biomarker  for  
neurons.

The presence of neurons ser ves to 
indicate a cor relation between 
neuron densi ty and the knockout 
which  indicates an inter ference 
from MSH2. 

The breaking up of di f ferent f igures 
al lows di f ferent r egions of the brain 
to be studied and juxtaposed w ith 
one another.  

In the r esults, there appears to be 
di f ferent neurons densi ties present 
which suggests the cor relation of  
knockouts and MSH2. 



Discussion

The higher  neuronal densi ty in the w i ld-type mouse suggests that 
there is a dir ect r elationship between the loss of the MSH2 DNA 
mismatch r epair  protein and brain development in mice. Previous 
studies also show  that MSH2 deficiency can lead to problems in brain 
development, such as ear ly-onset brain tumors and l ym phom a 
(Bougeard, Charbonnier , Moerman, Mar tin, Ruchoux, Drouot & 
Frébourg, 2003).

This makes sense because the brain tumor  r esults from an abnormal 
grow th of tissue in the brain. This abnormal grow th of brain tissue is 
caused by uncontrol led cel l  grow th, which r esults when tumor  
suppressor  genes do not function proper ly. Since MSH2 is a tumor  
suppressor  gene, i t is plausible that the loss of function of the MSH2 
protein in the DNA repair  process could lead to uncontrol led cel l  
grow th w ith lots of mutations. This could eventually lead to the 
pr ognosis of cancer.

This exper iment suppor ted our  hypothesis that the MSH2 knockout 
w i l l  have a lower  neuronal densi ty, but fur ther  r esearch needs to be 
done to aff i rm this phenomenon. The l imitations of this study were 
that we used a ver y small sample size of two mice, one tr ansgenic 
and i ts cor responding w i ld -type for  the MSH2 gene, to come to these 
results. Additionally more r esearch one the function of the MSH2 
protein in neuron development is needed. Does the MSH2 protein 
play a dir ect role in neuron grow th or  does is i t only l imited to DNA 
repair ?

Conclusion

This study concludes that the loss of MSH2, a DNA mismatch r epair  
protein, negatively affects neuron development in mice. A mouse that 
is missing the MSH2 gene (knockout) had fewer  neurons that were 
marked by NeuN. This could mean that the knockout had less 
neurons in var ious par ts of i ts brain (cor tex and hippocampus) 
compared to the w i ldtype, or  i t could mean that the neurons in the 
knockout as not NeuN posi tive (r ecall  that NeuN is a good biomarker  
for  most neurons but some neurons can not be identi f ied w ith NeuN).

Lym phom a is a type of cancer  that 
begins in infection-f ighting cel ls of the 
immune system called lymphocytes.

Pr ognosis is the predicted course of 
a disease based on i ts development.

                                                        11

Compared to the w i ld-type mouses, 
the MSH2 knockout present less 
neuronal densi ty. This suggests  
there would be more MSH2 defiency 
which has been previoulsy l inked to 
higher  chance of problems in brain 
development. 
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Effective Engagement Strategies in 
Encouraging the Use of Clinical Services 
among Seniors with Mental Health 
Disorders from Various 
Socio-Demographic Backgrounds

By Justin Lam

Annotated by Chr is Dong, Stephen Lee, Shrey Patel, Ar ian 
Rahman, Wasi Shahr iar ,  Jul ia Wu, and Amanda Zhong

Mental health disorders r emain prevalent in senior  populations, 
impacting the l ives of near ly 1 in 5 older  adults. Senior s w ith mental 
health disorders do not always r eceive the mental health care they 
need, noting f inancial bar r ier s, fear  of stigma, and other  challenges 
in uti l izing cl inical services. The str ategies used to r each aging pop-
ulations, which is know n in the New Yor k  Ci t y Depar tm ent  for  the 
Aging  (DFTA) as engagem ent  act iv i t i es, attempt to over come these 
bar r ier s and encour age the use of cl inical services for  senior s who 
may need them. This study examined the population par ticipating 
in DFTA?s Ger iat r i c Mental  Heal th  In i t i at ive  (DGMH) to deter -
mine which factor s (r ace, gender , pover ty level, and type or  dura-
tion of engagement activi ty) have a strong association w ith the use 
of cl i n i cal  ser v i ces. Asians and White Hispanics were approxi-
mately four  times less l ikely as whites to use cl inical services (p < 
0.05). I t was also statistical ly signi f icant that only 34% of senior s 
from low  income backgrounds (100% of federal pover ty levels) did 
not use cl inical ser vices, compared to the 67% of senior s from 
higher  income backgrounds (151%of federal pover ty levels). Some 
senior s in cl inical services also spent less time in mindfulness and 
activi ty-based health promotion str uctured engagement (p < 0.05).  
Men, Afr ican Amer icans or  White Hispanics, and senior s from low  
income backgrounds also par ticipated in non-cl inical ly r elated ser -
vices r ather  than engagement activi ties more often than other  
groups. The results indicate that socio-dem ogr aphic factor s  and 
time spent in engagement activi ties are signi f icant var iables in use 
of cl inical ser vices, but they also suggest a need for  addi tional in-
vestigation into the causes for  the aforementioned group 
di f ferences.

Keywor ds: mental health disorders, engagement, cl inical services, 
older  adults, r ace, income, socioeconomic status 

   SIGMA  |   Shrey Patel,  Stephen Lee, Julia Wu, and Chris Dong

NYC Depar tm ent  for  the 
Aging: The mission of the NYC 
Depar tment for  the Aging (DFTA) 
is "to work for  the empowerment, 
independence, digni ty and quali ty 
of l i fe of New  York City's diver se 
older  adults and for  the suppor t of 
their  fami l ies through advocacy, 
education and the coordination 
and deliver y of ser vices." I t is 
mainly to help the elder ly and 

Engagem ent  act iv i t i es help 
individuals w ith mental health 
conditions form a healing 
connection w ith people that 
suppor t their  r ecover y and 
wellness.

Socio-dem opgr aphic factor s 
include but are not l imited to: age, 
sex, education, migration 
background and ethnici ty, 
r el igious aff i l iation, mar tial status, 
household, employment, and 
income. They additionally include 
socio-economic status (SES), which 
combines information on 
education and income.

Cl in i cal  ser v i ces include 
psychological counseling for  
mental health issues.

DFTA's Ger iat r i c Mental  
Heal th  In i t i at ive places mental 
health cl inicians in senior   center s, 
where they lead educational 
games and have open 
conversations w ith older  adults 
about anxiety and depression.

Abst ract
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Maintaining m ental  heal th  and wel l ness is essential in maintaining 
overal l  well-being for  al l  people, especial ly in aging populations. The 
wor ld?s population is aging r apidly; i t is expected in the next thir ty 
years for  the number  of older  adults to increase from 900 mi l l ion to 2 
bi l l ion. Additionally, str essors that can lead to mental health 
conditions, such as impair ed mobi l i ty or  other  health problems, are 
more commonplace for  senior s.

However , the major i ty of senior s who exper ience mental health 
problems do not seek mental health care (Byers, Arean, & Yaffe, 2012), 
and the use of these ser vices decl ined among those w ith the greatest 
r isk (Leaf, Bruce, Tischler , & Holzer  I I I , 1987). Engagement activi ties 
are designed to help el iminate cer tain stigma associated w ith uti l izing 
mental health cl inical ser vices. The obstacles these engagement 
methods seek to overcome are character ized as ?lack of know ledge? 
and ?lack of intent? bar r ier s (Yeatts, Crow , & Folts, 1992). Some 
senior s have a ?lack of know ledge? regarding ser vices avai lable to 
them, whi le other s ?lack intent? or  r efuse to seek ser vices because 
they view  seeking such ser vices as cultural ly inappropr iate. 

Since the r easons for  not uti l izing cl inical ser vices can var y 
substantial ly, str ategies in r eaching out to these communities were 
employed w ith var ying degrees of success.  For  example, peer  
suppor t  system s  have been show n to have some benefi ts for  
veterans and recover ing alcoholic (Tracey & Wallace, 2016). 
Alternative approaches, such as video games and creative ar t 
activi ties, in engaging individuals w ith mental health conditions also 
had some degree of success. The use of creative ar t activi ties 
improved mental health issues in both cl inical and non-cl inical 
settings (Jensen & Bonde, 2018). A di f ferent study took a holistic 
approach and gauged patients? satisfaction across al l  ser vice 
inter ventions, such as group sessions and com pulsor y t r eatm ent   
(Rugger i  et al., 2003). These studies about engagement and retention 
str ategies were conducted w ith the goal of successful ly r eaching out 
to those w ith mental health conditions, but only a few  have examined 
the r elationship of socio-demographic factor s to the success of 
speci f ic engagement methods.

Minor i ty groups and groups from low  socioeconomic status 
backgrounds may be more l ikely to harbor  negative views towards 
the use of mental health ser vices, which may suggest the need for  
per sonalized methods and targeted policies of r eaching out to these 
populations (Dixon, Holoshi tz, & Nossel, 2016; Ault-Brutus, 2012). The 
Depar tment for  the Aging (DFTA) cur rently hosts var ious engagement 
activi ties to de-stigmatize mental health ser vices and encourage 
senior s to par ticipate in mental health screenings, which are 
conducted by cl inicians at a senior  center. DFTA also offer s var ious 
non-cl inical r elated ser vices, such as fr ee congregation meals and 
tr anspor tation ser vices. The goal is to identi fy DGMH engagement 
str ategies that are associated w ith uti l ization of cl inical ser vices and 
are effective in r eaching di f ferent r acial and socioeconomic groups. 

Peer  suppor t  system s are used 
to r efer  to ini tiatives  where 
col leagues, fr iends or  other s 
provide suppor t by vir tue or  
r elevant exper ience.

About  the DGMH system  

(omitted from or iginal study for  
sake of brevi ty) - Senior s may 
choose to ei ther  use str uctured 
engagement activi ties or  choose to 
be screened for  mental health 
conditions. Senior s par ticipating 
in engagement activi ties may 
choose to r eceive a screening 
after wards. Those who are 
screened posi tive for  a condition 
may use cl inical ser vices, choose 
to opt out of the DGMH system, 
and / or  continue using var ious 
senior  center  ser vices. Some 
decide to opt out of such ser vices. 
This ser ves as a str ategy to 
encourage senior s to par take in 
ser vices.

Mental  Heal th-  The state of 
emotional and mental well-being, 
including emotions, mood, feel ings 
of self , and how  one views the 
wor ld.

Mental  wel l ness is the state of 
well-being in which individuals 
can cope w ith str ess and work 
productively. 

Com pulsor y Tr eatm ent  is 
tr eatment r equir ed by the law.

Int roduct ion
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For  senior s w ith at least one posi tive screening for  a mental health 
condition, only r ace and pover ty levels were signi f icant factor s in 
cl inical ser vice use (Table 1). In summar y, non-Hispanic Whites or  
senior s w ith a fami ly income greater  than 150% of federal pover ty 
level guidel ines were more l ikely to uti l ize cl inical ser vices than 
other  r acial or  socioeconomic groups (p < 0.05). The time senior s 
spent in engagement activi ties, especial ly mindfulness and health 
promotion, was a signi f icant var iable in their  use of cl inical 
ser vices (p < 0.05). 

Table 1 descr ibes the population 
for  the DGMH senior  center s in 
which the major i ty of individuals 
were female, white, or  had a 
fami ly income less than 100% of 
the pover ty level. The mean age of 
the population was 77.15 years in 
a population of 4170 senior s w ith 
1571 assessed for  mental 

Result s

The el igible population of senior s par ticipating in NYC 
Depar tment for  the Aging?s (DFTA) Ger iatr ic Mental 
Health Ini tiative (DGMH) consisted of 4170 senior s, w i th 
1571 senior s assessed for  mental health disorders. Table 
1 descr ibes the population for  the DGMH senior  center s 
in which the major i ty of individuals were female, white, 
or  had a fami ly income less than 100% of the pover ty 
level. The mean age of the population was 77.15 years.
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Senior s who did not use cl inical ser vices spent 416 days on 
mindfulness or  215 days on health promotion, whi le senior s who 
used cl inical ser vices spent 199 days on mindfulness or  84 days on 
health promotion. Clinical duration was also examined, w ith r ace 
being the only var iable associated w ith cl inical duration (p = 
0.025). Although pair w ise compar isons indicated that the 
di f ferences between any two racial groups were not signi f icant, 
white Hispanics spent the most time in cl inical ser vices (247 days) 
whi le Blacks or  Afr ican Amer icans spent the least time in cl inical 
ser vices (138 days) on average. The logistics r egression used 
non-Hispanic Whites, senior s w ith incomes greater  than 185% of 
the pover ty level, and senior s who par ticipated in ei ther  
mindfulness or  thematic discussions were used as r eference 
groups for  r ace, pover ty level, and type of engagement 
r espectively.  I t was found that r ace was the only statistical ly 
signi f icant var iable in cl inical ser vice use.  Asians and White 
Hispanics were 0.17 times or  0.25 times less l ikely to use cl inical 
ser vices as whites, r espectively (Table 2).

Table 2 shows that out of r ace, 
pover ty level, and str uctured 
engagement, r ace was the only 
signi f icant var iable that affected 
cl inical ser vice use. Logistics 
r egression was used to model the 
probabi l i ty that people of a speci f ic 
var iable (e.g. people of White 
Hispanic r ace, 150% FPL, Multiple 
str uctured engagements) did or  did 
not uti l ize cl inical ser vice. The more 
negative the r egression coeff icient, 
the lower  the odds that people 
f i tting into that var iable used cl inical 
ser vice. The race regression 
coeff icients demonstrate that Asians, 
w ith the lowest r egression 
coeff icient, were least l ikely to use 
cl inical ser vice, and that White 
Hispanics, w i th the highest 
r egression coeff icient were most 
l ikely to use cl inical ser vice.

Senior s spent less time on health 
promotion when they uti l ized 
cl inical ser vices. White Hispanics 
spent the most time in cl inical 
ser vices and Blacks or  Afr ican 
Amer icans spent the least time in 
cl inical ser vices.

This study also examined the use of non-cl inical ly r elated ser vices 
among senior s. Females were 1.64 times as l ikely as males to use 
tr anspor tation ser vices and were 1.33 times as l ikely as males to 
use health ser vices. Asians were 1.67 times as l ikely as Afr ican 
Amer icans and 1.49 times as l ikely as non-Hispanic Whites to use 
congregate meals (p < 0.05). I t was also statistical ly signi f icant that 
38% of Asians also used technology, compared to the 
less-than-thir ty per cent of other  r acial groups. Senior s in the 100 
pover ty level group also used congregate meals and health 
ser vices most often, and were tw ice as l ikely as senior s in the 125 
pover ty level group to use those ser vices. 
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Table 3 compares the use of engagement and non-cl inical ser vices 
for  senior s w ith one or  more mental health disorders. A post-hoc 
Wilcoxon pair w ise compar ison (Bonfer roni  cor rection) 
demonstrated that women were 0.66 times as l ikely as men to use 
non-cl inical ly r elated ser vices (p < 0.001). Asians and Whites were 
also 0.5 times as l ikely as White Hispanics to use those ser vices (p < 
0.01). The major i ty of the senior s (57%) had a fami ly income less 
than 100% of federal pover ty levels. Only 10 senior s had a fami ly 
income greater  than 185% of federal pover ty levels. The 
percentage of senior s using engagement activi ties decl ined, when 
compared to their  r espective groups w ithout mental health 
disorders. For  instance, only 55% of female senior s posi tive for  at 
least one mental health disorder  used engagement activi ties, whi le 
73.3% of female senior s in the general population par ticipated in 
str uctured engagement.

Table 3 shows how  non-White 
Hispanics are the most l ikely to 
use cl inical ser vices w ith Blacks 
/Afr ican Amer icans coming in 2nd 
w ith 43.3%. Asians take up 30.1%  
w ith White Hispanics being the 
senior s that use the least  ser vices. 
Males and  females are balanced 
in the percentages of how   many 
of their  groups use such ser vices. 

Discussion
Previous studies general ly agree that minor i ty groups par ticipate 
less often in cl inical ser vices than major i ty groups (Biegel, Farkas, & 
Song, 2008; Boneham et al., 2007; Jimenez, Cook, Bar tels, & Alegr ia, 
2012). Simi lar ly, a study done by Leaf, Bruce Tischler , and Holzer  I I I  
determined that individuals of low  socioeconomic status are l ikely 
to per ceive f inancial bar r ier s in r eceiving mental health ser vices 
and are less l ikely to seek such ser vices. 
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The results of my study found that r acial and socioeconomic groups 
had di f fer ing levels of cl inical ser vice use. Minor i ty groups used 
cl inical ser vices less often than non-Hispanic Whites (p < 0.001). 
Higher  income populations (>151% of federal pover ty levels) also 
used cl inical ser vices more often than low  income populations (< 
100% of federal pover ty levels). The logistics r egression analysis for  
the independent var iables (r ace, pover ty level, and use of 
engagement activi ties) showed that r ace was the only var iable 
associated w ith r eceiving cl inical tr eatment. Whites were 
approximately 4 times as l ikely as White Hispanics and Asians to use 
cl inical ser vices. This di f ference may be due to ?lack of intent? or  
?lack of know ledge? bar r ier s that are more pronounced in minor i ty 
populations. For  example, language bar r ier s and cultural views can 
lead to di f ferences in the levels of interest in cl inical ser vices, 
preconceptions of mental health ser vices, and know ledge about these 
ser vices.

Racial group di f ferences in cl inical duration were signi f icant for  
senior s. White Hispanics had longer  cl inical durations than Whites 
and Afr ican Amer icans had shor ter  durations. A previous study 
found simi lar  r esults for  cl inical duration, f inding that Latinos spend 
more time in cl inical ser vices than whites and Afr ican Amer icans 
(Jimenez et al., 2012). These f indings may be due to possible 
di f ferences in cultural preferences for  tr eatment methods. In past 
studies, Afr ican Amer icans, for  instance, were more l ikely to see 
informal suppor t networks, such as fami ly or  r el igious aff i l iations, as 
ways to address psychological distr ess (Conner , Lee, Mayers, et al., 
2010) than whites, whi le Hispanics may be more l ikely to harbor  a 
general mistr ust of medicine and Asians may prefer  mental health 
professionals of simi lar  backgrounds (Chen, Hussey, & Monbureau, 
2018). But i t r emains uncer tain whether  the di f ferences in cl inical 
duration were due to the group di f ferences in engagement or  
sever i ty of mental health disorders.

Par ticipation in a str uctured engagement activi ty was not a 
signi f icant factor , but the time a senior  spent in the activi ties, or  the 
activi ty duration, was signi f icant. In the two types of str uctured 
engagement that were associated w ith use of cl inical ser vices, which 
were health promotion and mindfulness, senior s who used cl inical 
ser vices spent less time in those activi ties than those who didn?t use 
cl inical ser vices. A previous study did f ind that mindfulness-based 
inter ventions and other  health awareness activi ties are know n to 
r educe str ess w ithin a senior  population r epor ting anxiety or  
depression (Young & Baime, 2010). I t may be possible that using 
health promotion and mindfulness activi ties may reduce the need for  
cl inical ser vices by lessening the impact of str essors that can lead to 
mental health disorders. 

This study also found signi f icant di f ferences in the use of 
non-cl inical ly r elated ser vices for  r acial, socioeconomic, and gender  
groups. Non-Hispanic Whites and Asians demonstrated greater  
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Results show  that r ace was the 
only signi f icant factor  in r eceiving 
tr eatment, as Whites were 4 times 
as l ikely to use cl inical ser vices 
than others.

Race is also show n to cor relate 
w ith time spent in cl inical 
ser vices. White Hispanics spent 
the longest time and Afr ican 
Amer icans spent the least time. 
Several cultural di f ferences may 
explain this, but i t is sti l l  
uncer tain.

Results show  that senior s who 
par ticipated in mindfulness and 
health promotion activi ties spent 
less time in cl inical ser vices. 



Conclusions

The research presented here indicates that engagement w ith older  
adults r emains a challenge for  the New  York City Depar tment for  
the Aging (DFTA). Asians and White Hispanics were less l ikely to use 
cl inical ser vices than whites. Lower  income populations used 
cl inical ser vices less often than higher  income populations. Females, 
Whites and Asians, and senior s from higher  income populations 
also demonstrated greater  use of str uctured engagement than other  
groups. Use of str uctured engagement was lower  among senior s 
who had received a posi tive screening for  a mental health disorder.

Although simply par ticipating in engagement activi ties was not a 
signi f icant factor  in a senior?s decision to use cl inical ser vices, 
engagement activi ties are often the f i r st introduction to mental 
health ser vices that senior s have in the DGMH system, underscor ing 
their  necessi ty. Fur thermore, par ticipating in mindfulness and 
activi ty-based engagement w ith health promotion activi ties led to 
less uti l ization of cl inical ser vices. Whi le the intended purpose of 
engagement activi ties is to encourage the use of cl inical ser vices for  
senior s who may have a mental health disorder , my study?s f indings 
suggest that cer tain engagement activi ties can reduce self-per ceived 
need for  mental health ser vices.

Future studies can benefi t from understanding the r elationship of 
demographic factor s, such as gender , r ace, and pover ty level, to 
outcome data, such as the use and duration of cl inical ser vices. 
Fur thermore, groups w ith lower  use of cl inical ser vices or  
engagement activi ties typical ly demonstrated greater  use of 
non-cl inical ly r elated ser vices, such as fr ee meals. These ser vices 
can raise mental health awareness and break dow n bar r ier s to 
mental health ser vices among underser ved groups. Understanding 
how  demographic factor s can impact both cl inical ser vice and 
str uctured engagement use can lead to new  methods of 
engagement, especial ly r egarding senior  groups that are more 
di f f icult to r each out to.

There is an association w ith 
groups using less cl inical ser vices 
and engagement activi ties and 
greater  uti l ization of non-cl inical ly 
r elated ser vices.

Results show  that engagement 
activi ties were impor tant in 
introducing senior s to mental 
health ser vices and 
mindfulness/activi ty based 
engagement were a key factor  in 
r educing uti l ization in cl inical 
health ser vices.
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Results here show  Non-Hispanic 
Whites and Asians used more 
engagement activi ties whi le 
Afr ican Amer icans and White 
Hispanics used more non- cl inical  
ser vices.

Women were more l ikely to use 
tr anspor tation ser vices than men, 
according to these results. Afr ican 
Amer icans were more l ikely yo 
use senior  ser vices than other  
groups.

uti l ization of engagement activi ties, whi le Afr ican Amer icans and 
White Hispanics had greater  uti l ization of non-cl inical ly r elated 
ser vices. Some group di f ferences in the use of cer tain non-cl inical ly 
r elated ser vices may also indicate di f ferent levels of appeal for  each 
ser vice. I t was statistical ly signi f icant, for  example, that Asians 
uti l ized technology classes more often than other  r acial groups. 
Past studies were inconsistent in r esults based on race or  ethnici ty, 
which may be due to di f ferences in the examined communities and 
potential language bar r ier s in using non-cl inical ly r elated ser vices 
(Pardasani, 2009; Laditka, Laditka, & Drake, 2006). However , these 
studies general ly found that women used tr anspor tation ser vices 
more often than men and that Afr ican Amer icans were more l ikely 
to use senior  center  ser vices than other  groups. Although 
socioeconomic status was not a signi f icant factor  in the uti l ization 
of non-cl inical ly r elated ser vices, over representation of senior s 
w ith low  socioeconomic status in the population diagnosed w ith a 
mental health disorder  may explain group di f ferences in the use of 
non-cl inical ly r elated ser vices based on gender  and race.
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Examining the Effectiveness of 
Indocyanine Green in Screening for 
Cancerous Tissue Within Extremities 
Using Flash Imaging
Ian Fried

Abst r act

Today, the effects of cancer  are well  know n, consider ing the high 
percentage of dai ly human deaths which the family of diseases is a 
source of. In the same vein, even people w ith the good for tune to 
sur vive their  sickness exper ience intense discomfor t due to 
effective-but-grueling tr eatments. But even the process of diagnosis 
is not easy, and car r ies r isk; often x-r ays and scans need to be taken, 
and later  sti l l  in the process of tr eating or  r emoving individual 
tumors and grow ths, imaging is not a convenient process. The 
process cal led f luorescence polar ization imaging being presented 
here aims to str eamline the process of f inding and precisely 
locating malignant grow ths. Through the use of a polar ized, 
monochrome source of l ight and a f i l tered CCD camera w ith an 
additional polar i zer  (excluding ambient noise) one can detect the 
si lhouettes and depths of tissue which r etain f luorescent dye, l ike 
tumors. This leads to the prospect of a cancer -imaging process 
which is cheap, fr ee of ionizing r adiation, and minimally invasive.

Int r oduct i on

Char ged Coupled Devices (CCD) 
are sensors used in cameras to 
capture moving and sti l l  images. 
Captures l ight and conver ts i t to 
digi tal data which is r ecorded by the 
camera.  A CCD often appears as a 
small chip-l ike object. 

Photons are the fundamental 
par ticle of l ight. Fluorescence 
polar ization imagine uti l ize CCDs, 
which use photons by having them 
str ike the sur face of the CCD, and 
cause i t to r elease electrons. The 
number  of electrons r eleased is 
propor tionate to the br ightness of 
the captured image

Annotated by Chr is Dong, Stephen Lee, Law rence Li , 
Shrey Patel, and Ar ian Rahman

Fluorescence polar ization imaging r el ies on using r elatively 
normal, accessible equipment to r ecord the shape of malignant 
masses which r etain dye. The dye is f luorescent, meaning that 
upon being exposed to l ight and being exci ted by photons, the 
atoms which are par t of the dye w i l l  r elease photons of a lower  
fr equency than the exposing l ight, causing an instantly 
r ecognizable pattern of emission for  any body which contains 
signi f icant amounts of dye. The image which the camera r eceives 
here w i l l  show  markedly clear  outl ines of f luorescent mass, 
forming si lhouettes which demarcate where healthy f lesh stops 
and cancerous grow th begins. This optical method of imaging, as 
opposed to r adiological (which car r ies r isks of poisoning) and 
pathological (which helps for  diagnosis but is not as practical for  
use in surger y) approaches, is r elatively non-str enuous for  a 
patient whi le being useful for  a practi tioner  to use in tr eating each 
case w ith clar i ty. I f  r adiation therapy is needed, the doctor  can 
extr emely precisely target the aff l icted area using this technique. 

Polar i zer s are optical f i l ter s that 
let only some speci f ic waves of l ight 
pass through, aiding the in the 
imaging of tumors. 
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IndoCyanine-Green(ICG) in par ticular  is well  sui ted as the dye for  
this task. I ts emissions cor respond well  to the human body?s ow n 
parameter s for  absorbing near -infr ared l ight, r esulting in 
preferable depths of penetration for  the l ight being used. 

The absorption coefficient spectrum of fat

The above image was taken from a f i l tered CCD where tissue 
retaining ICG is highly contrasted from the r est of the biomass, 
making the prospect of excising the dyed tissue easier. Di f ferent 
tissues in humans al low  for  var ying depths of useful penetration 
into the human body, w ith examples of these metr ics show n below :

Dye tissue capture - 1.5 cm depth (chicken flesh sample)
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The scattering coefficient spectrum of biological tissue

NOTE: The absorption and scatter ing coeff icients descr ibed 
here imply how  much l ight of a given wavelength tissue 
absorbs at given thickness, and how  much l ight of a given 
wavelength scatter  at a given thickness, r espectively.

The absorption spectrum of water Y-axis: Intensity of given emission

NOTE: Obser ve the pleasant cor respondence of the amounts of 
absorption/scatter ing in organic tissue and water , and the 
emission intensi ties of the ICG.



The imaging process being proposed in this document is or iented 
pr imar i ly towards application on extr emities, because they tend to 
be the thinner  por tions of the body and have maximum depths 
w ithin the r ange that r enders ICG f luorescence useful. At the 
wavelengths in which scatter ing w ithin human tissue begins to 
signi f icantly decrease, ~700 nm and above, ICG w i l l  give emissions 
at i ts highest intensi ties at these same wavelengths, between ~700 
nm to ~900 nm. Additionally, there is also a posi tive cor respondence 
between the cur ves of ICG intensi ty and absorption coeff icients of 
fat.

Conversely, notice how  the molar  extinction coef f i ci ent  for  
hem oglobin , both bound and unbound to oxygen, is near ly 
inver sely propor tional to the cur ve for  the ICG - at wavelengths 
which the dye emits most br ightly in, blood w i l l  be less able to 
absorb as much l ight. In the same vein, both eum elanin  and 
pheom elanin  have a somewhat inver se r elationship to the dye?s 
cur ve, though i t is far  less pronounced than the previous example?s 
graph. The di f ference in behavior  when exposed to near  IR l ight 
and ICG between blood and say, fat, means there w i l l  l ikely be 
contrast between the two substances when being imaged.

Pigments such as eum elanin  are 
found in dark hair , whi le the 
pigment pheom elanin  is found in 
r ed hair , among other  uses.  These 
pigments are impor tant because 
they are found in al l  epidermis cel ls. 
This w i l l  help show  how  tumors w i l l  
affect them.

Coef f i ci ent  for  hem oglobin  is 
the measure of how  strongly a 
chemical substance, par ticular ly 
hemoglobin, absorbs l ight at a 
speci f ic wavelength, per  molar  
concentration.
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The molar coefficients of oxygenated/non-oxygenated hemoglobin

The molar coefficients of eumelanin and pheomelanin
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Conclusion

Using an FIA setup should hopeful ly be economically viable for  
many insti tutions as well , given that the costl iest components would 
l ikely be the CCD camera and the f i l ter s needed to r un i t proper ly, 
provided the insti tutions alr eady ow ns a computer  able to r un the 
software needed to process CCD images. After  this, the r emaining 
costs include a l ight source (again, preferably LEDs) along w ith an 
abi l i ty to order  as much ICG as needed for  a given number  of patient 
cases. But hopeful ly, for  more minor  cases involving a patient?s 
extr emities needing imaging, FIAs can be a cheaper , safer  
alternative to more expensive medical imaging techniques whi le 
hopeful ly being just as useful.

The setup advocated in this document, a Flash  Imaging Apparatus 
or  FIA, is meant to leverage the advantageous proper ties of 
ICG-human tissue interaction in a way which should hopeful ly 
prove economical w i thout compromising the quali ty of r esults. As 
the diagram in the beginning of this proposal demonstrates, the two 
elements involved in f lash imaging w ithin a setup are just a CCD 
camera, and a near  IR l ight source, l ikely some sor t of power ful LED 
due to their  extr emely low  cost. What the diagram omits, is that 
there would need to be polar i zing f i l ter s for  the l ight source to 
l imit noise in the data generated from the camera, and a long pass 
f i l ter  l ikely al low ing ~700 nm and above wavelengths in front of the 
oculus for  the camera to avoid damaging the equipment and 
al low ing the emissions of ICG to be isolated. 

The process would need to take place in a dark environment, l ike a 
w indow less room w ith l ights turned off , to fur ther  r educe l ight 
pol lution in data and better  tr eat the CCD. But in al l  l ikel ihood the 
process need only take a few  minutes at most. A patient?s extr emity 
alr eady exposed to ICG - perhaps injected dir ectly - is placed into the 
cavi ty between the sensor  and the source of l ight. The room is 
dimmed, the l ight f lashes on unti l  a proper  capture is taken, and 
then f lashes off  shor tly after ward. The image should be avai lable as 
soon as software processing is complete to show  the contrast 
between substances alr eady mentioned l ike blood and fat, but also 
any undesir able bodies l ike tumors, cysts, or  other  malignant 
grow ths.

Mater ial s and Method 

  

Polar i zing f i l ter s are the f i l ter s 
used in photography to manage 
ref lections, and suppress glare.

Polar i zing f i l ter s are the f i l ter s 
used in photography to manage 
ref lections, and suppress glare.

FLASH , or  Fast low  angle shot 
magnetic r esonance imaging, is a 
sequence of magnetic r esonance 
imaging used commonly w ith MRI 
and cancer  detection methods. 
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Machine  Learning in the Search  for the 
Room Temperature Superconductor

Fakharyar Khan

Annotated by Chr is Dong, Stephen Lee, Shrey Patel,  
Md Shad, and Wasi Shahr iar , 

Abst r act

Superconductivi ty is a phenomenon where at cr yogenic 
tem per atur es, the r esistance of cer tain mater ials abruptly drops to 
zero. Because of their  potential for  100% energy eff iciency 
superconductor s have many applications in quantum  com puter s, 
Maglev tr ains, and even in MRIs. However , the r efr igeration costs 
r equir ed to sustain superconductivi ty makes i ts applications on 
large scale projects impractical. There is therefore, a large scale 
effor t in mater ials science on the discover y of room temperature 
superconductivi ty. The search has been delayed on account of there 
being no defini tive theor y for  high temperature superconductivi ty. 
In this paper , I  use a machine learning algor i thm called autofeat  to 
der ive a formula for  the superconducting tr ansi tion temperature 
and develop a classi f ication model that predicts superconductivi ty.  
I  bel ieve that this approach w i l l  accelerate the theoretical effor t 
behind projects l ike the Mater ials Genome Ini tiative.

Int r oduct i on

When a cur rent passes through a mater ial, the electrons col l ide 
w ith posi tive ions which causes small deviations in the electrons? 
path. This is what creates a r esistance to the f low  of electrons. The 
resistance var ies w ith temperature but at ver y low  temperatures, 
the r esistance of some mater ials abruptly drops to zero and the 
mater ial enter s a superconducting state. This phenomena was f i r st 
discovered in 1911 when Heike Kamer l ingh Onnes showed that at 
4.2 K, mercur y becomes superconductive[1].

Superconductor s are ver y useful in quantum computer s because i f  
the w ir e is made out of a superconductor , the cur rent w i l l  f low  
through w ith no r esistance. The implications of 100% energy 
eff icient w ir es can be seen in the AmpaCity project in Germany 
where engineers have created a 1 ki lometer  cable that provides the 
same power  as a 110,000 V power  l ine w ith 10,000V [2]. 
Fur thermore, superconductor s exhibi t a proper ty cal led the 
Meissner  Effect where i t expels i ts magnetic f ield and produces an 
external f ield that is strong enough to levi tate the conductor. This 
has been used in Maglev bullet tr ains[3] where superconducting 
coi ls beneath the tr ains al low  them to levi tate which signi f icantly 
r educes fr iction. In Apr i l  2015, the Central Japan Rai lway Company?s 
reached more than 600 km/hr.

Cr yogenic r efer s to the behavior  of 
mater ials when applied to low  
temperatures that are below  ?150 °C  
to absolute zero(-273°C)

Quantum  com puter s process 
calculations based on the state of an 
object. These computer s di f fer  from 
classical computer s as they omit the 
use of 0s and 1s, al low ing the  
quantum computer s to take more 
data.

To run Autofeat , a Python compi ler , 
Cython, was  used to tr anslate code 
into machine language for  eff iciency. 
The signi f icance of this is that you 
can generate r egression models.
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In 1957, three Amer ican physicists, John Bardeen, Leon Cooper  and 
Rober t Schrei f fer , came up w ith the f i r st successful theoretical 
explanation for  superconductivi ty, BCS theor y [4]. In BCS theor y, an 
electron in a l at t i ce attr acts posi tive ions which causes a distor tion 
and col lective exci tation (a phonon) of the lattice. Another  electron 
would then be attr acted to this r egion and this creates a Cooper  pair. 
This in turn w i l l  inf luence other  electrons, creating a mesh network 
of  Cooper  pai r s. Cooper  pair s behave l ike bosons which means that 
their  wave functions are symmetr ic under  par ticle inter change and 
this al lows a pair  to occupy the same quantum  state. However , 
since the Cooper  pair s are intermingled w ith one another , the pair s 
al l  must occupy the same quantum state.

In order  for  the superconducting state to be stable, the system must 
be at equi l i br i um  and so the inter tanglement of the Cooper  pair s 
must be strong. The total momentum of each Cooper  pair  must then 
be zero as this al lows for  pair s to exchange electrons w ithout 
disturbing the system. Now , imagine a cur rent w ith m om entum  mv, 
passing through the lattice. The total momentum of each Cooper  pair  
must then be 2mv. In order  for  r esistance to occur , an electron must 
be scattered so that i ts momentum is in the opposi te dir ection of the 
cur rent. However , this would change the total momentum of the 
Cooper  pair  which means that for  there to be r esistance, the for ce 
must be strong enough to break the Cooper  pair. But since the 
Cooper  pair s are in a mesh network, the energy needed to break one 
pair  is the energy r equir ed to break the network.

The three r esearchers also used the r esults from BCS theor y to 
der ive an approximate formula for  cr i tical temperature: Tc ?  1.14 
? D e where is the Debye f r equency of the ?1/? ? D mater ial and ? is 
the electron phonon coupling str ength. Whi le BCS theor y was 
revolutionar y, i t does have l imitations. The or iginal theor y neglects 
electron phonon retardation, assuming that the interactions are 
instantaneous ( ? << 1 ). This assumption means that for  strong 
coupling ( ? > 1 ), BCS theor y is inaccurate. El iashberg theor y[5] 
expands BCS theor y to account for  this and                                       
gives                                        , where ?*  is the Coulom b 
pseudopotent ial  and wlog is the  logar i thmic average of the phonon 
fr equency.

Programs l ike Quantum Espresso [6] are used to f ind the value of 
these parameter s and can be ver y computationally expensive. For  
this r eason, a machine learning model that can der ive an 
approximate formula for  cr i tical temperature whose parameter s can 
be more easi ly calculated, w i l l  accelerate the theoretical effor t 
behind projects l ike the Obama Mater ials Genome Ini tiative [7].

The state of superconducting at 
equi l i br i um  means the for ces 
w ithin the system are stable and 
balanced. In this case, the system 
must be balanced for  the cooper  
pair s to r emain strong. 

Debye f r equency is a fr equency 
of  a cr ystal determined by the 
densi ty of atoms and is the speed 
of sound  in a sol id.

A Cooper  pai r  or  a BCS pair  is a 
pair  of electrons that couple together  
w ithin a distance of hundreds of 
nano-meter s. This process is 
r epeated by inf luencing other  
electrons, giving superconductor s 
their  100% energy eff iciency.

Quantum  States: any of var ious 
states of a physical system and 
are character ized by a par ticular  
energy. 

The BCS Theor y 
(Bar deen-Cooper -Schr ief fer  
Theor y)  was the f i r st microscopic 
theor y of superconductivi ty . I t 
descr ibes  superconductivi ty  as  a 
microscopic  effect caused by the 
condensation of Cooper  Pair s.

Coulom b pseudopotent ial   is the   
effects of the r epulsion between two 
or  more charged bodies on 
superconductivi ty

Mom entum  mv  can be 
represented by the equation P=MV. It 
states that momentum is equal to 
mass times veloci ty.

2mv  can be show n as P=2MV, stating 
that momentum is equal to tw ice the 
mass times veloci ty, since there are 
two electrons in a cooper  pair.

Lat t i ces are an ordered ar ray of 
points that descr ibe the ar rangement 
of atoms, ions or  molecules in 
cr ystal l ine sol id.
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Discussion and Resul t s

Classi f ication

To show  that the out  of  bag er r or  converges as the number  of tr ees 
gets large, I  r ecorded the per formance of Random  For est  models 
that used somewhere between 15 to 1000 est im ator s. As can be 
seen in the graph of out of bag er ror  ver sus the number  of 
estimator s, the er ror  r ate changes rapidly (though i t?s always w ithin 
a r ange of 0.08), but after  i t r eaches 450 estimator s, the er ror  
stabi l izes and seems to converge to an er ror  r ate of approximately 
0.375.

The Random Forest model was tested on 25 non superconductor s 
and the 25 r emaining superconductor s. The model cor rectly 
predicted 58% of the testing set. I t had a r ecal l  of 0.6 and a 
pr eci sion  of 0.59. Usually classi f ication models there?s a push and 
pul l  between the r ecall  and precision but this model?s ver y 
balanced. The heatm ap  below  shows the confusion m at r i x  for  the 
model?s per formance. The hor izontal axis gives the model?s 
predictions and the ver tical axis descr ibes the actual predictions. 
The model?s per formance is comparable to other  successful models 
[19] that have much larger  datasets to tr ain on.

An out  of  bag er r or  shows a 
measurement for  a prediction       
er ror  of a r andom forest.

A heat  m ap  is a visual 
r epresentation of data points and 
individual values that are 
r epresented by color s.

A confusion m at r i x  is a layout 
that shows a visual r epresentation of 
how  an algor i thm can work.

Random  For est  was used to gather  
data to tr y to interpret features of 
superconductivi ty, using  Decision 
Trees to over lap data samples. 

Recal l  is the percentage of total 
r elevant r esults cor rectly classi f ied 
by the algor i thm.

Pr ecision  is the percentage of your  
r esults which are r elevant.

Push and Pul l  is an interaction 
between two aspects of the 
exper iment that affect each other. In 
this case, higher  r ecall  would cause 
lower  precision and vice ver sa.

Est im ator s is a predictor  found 
from a r egression algor i thm
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Regression

After  3 steps of Autofeat Regression, the algor i thm produced the 
equation:                              . The R^2 value for  this r egression 
equation was approximately 0.166 and the RMSE was 5.49. I  bel ieve 
that whi le the features could descr ibe the tr ansi tion temperature 
ver y well , there wasn?t enough data for  the model to f ind the 
r elationships between the features. Many of the data entr ies were 
also theoretical values which can be inaccurate and generate noi se 
i n  the data. Autofeat general ly doesn?t per form well on noisy data 
which may have contr ibuted to the high RMSE value.

Conclusion

I  bel ieve that future endeavors in machine learning for  
superconductivi ty should focus on gather ing larger  datasets. 
Machine learning algor i thms general ly r equir e a large amount of 
data to tr ain and obtain an accurate assessment of i ts per formance. 
Classi f ication models that are tr aining on a larger  scale have the 
potential to use the elements of the compound to determine 
superconductivi ty w ithout r unning the r isk of over f i t t i ng. There is a 
lot of potential for  machine learning algor i thms in mater ials science 
but they r equir e ambitious data mining effor ts.

Noise i n  the data is any additional 
data in the plots of data that do not 
hold any meaning.

Over f i t t i ng is when the data is 
r estr icted into a speci f ic amount or  a 
group of data points.

RMSE is the standard deviation of 
the r esiduals . This tel ls us  how  
concentrated the data is around the 
predicted l ine of best f i t.

R^2 other w ise know n as the 
coeff icient of determination, is used 
to r epresent the propor tion of 
var iation in an independent 
var iable. In this case i t is used for  a 
r egression model.



Analyzing the Relationship Between Test 
And Reference Influenza Viruses

Oscar Eng

Annotated by Law rence Li , Pranav Paranji , Nina 
Shin, and Grace Yang

In f l uenza is one of the most common and sti l l  threatening vir uses 
in our  society, ki l l ing more than 12,000 people annually. Because of 
the pathogen's abi l i ty to evolve quickly, i t often escapes immunity 
from i ts host which is why vaccines against i t need to be updated 
ever y year. In order  to create a vaccine that is effective for  multiple 
ver sions of inf luenza, the interactions between host antibodies and 
opposing antigens need to be better  character ized. My goal was to 
create an accurate, cost-effective model that could predict the 
degree of cr oss-r eact iv i t y  for  future evolving vir uses, given sets of 
know n antibodies. The f i r st step was to inject r eference antigens of 
inf luenza A into fer r ets, extr act their  ant i ser a and test antibody 
r eactivi ty against test inf luenza A antigens.  Data  r ecorded from 
that step included antibodies' t i t r e values that measured the 
concentration of antisera. My models r elated antibody r eactivi ty 
w ith var ious var iables such as evolutionar y distance between 
vir uses and the genomic di f ferences between vir uses on their  
hem agglut i n in  (HA) protein sequence because of i ts involvement in 
infection. In general, the smaller  the distance between individuals 
of a species on the evolutionar y tr ee, in terms of the number  of 
amino acid substi tutions per  al ignment si te, the better  chance to 
tr igger  a clonal  select i on  of many antibody species. Fur thermore, 
evolutionar y distance has a dir ect r elationship w ith genomic 
di f ferences in ways that help predict antibody-antigen reactions. My 
latest model uses evolutionar y distance together  w ith HA amino 
acid posi tions and w ith i ts promising accuracy, i t is hoped that the 
r esults could be applied to other  str ains of inf luenza to generate 
more effective vaccines.

Abst r act
In f l uenza is also commonly know n 
as the "f lu."

Cr oss-r eact iv i t y is the r eaction 
between an antibody and an antigen 
that di f fer s from the immunogen (a 
type of antigen that invokes a cel l  
mediated immune response. 

Ant i ser a is a blood serum 
containing antibodies against 
speci f ic antigens, injected to tr eat 
speci f ic diseases.

The t i t r e is a uni t of measurement 
detai l ing the concentration of an 
antibody in a solution where i t can 
sti l l  agglutinate (to stick) w ith 
antigens. 

Hem agglut i n in  r efer s to the 
glycoproteins on r ed blood cel ls wh-   
ich cause them to stick together  to 
form a mass. This process is know n 
as hemagglutination. Antibodies are 
examples of hemagglutinins.

Clonal  select i on is the process by 
which a speci f ic B-cel l  is targeted to 
undergo clonal expansion.

Int r oduct i on
Inf luenza is an acute disease associated w ith many symptoms 
including chi l ls, fever , headaches, and overal l  weakness [4]. 
Sometimes, the inf luenza makes the body more susceptible to other  
diseases. This disease can be tr ansmitted to di f ferent hosts through 
the air  [4] coming in contact w ith cel ls of the upper  air  passages. 
Next, i t penetrates host cel ls eventually r esulting in vir al progeny 
and the infection of other  nearby cel ls in the r espir ator y tr act [4]. 
The vir us w i l l  then exi t the host cel l  using neur am in idase.

Nuer am in idase is an enzyme  that 
catalyzes the hydrolysis of 
glycosides. Vir al  neuraminidase is a 
type of neuraminidase found on the 
sur face of inf luenza vir uses that  
enables the vir us to be r eleased from 
the host cel l .
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An epi tope is the par t of an antigen 
an antibody attaches i tself  to. 

A l eukocyte, also know n  as a white 
blood cel l , ci r culates in the blood 
and other  body f luids involved in 
counteracting foreign substances 
and disease.

Major  h i stocom pat ibi l i t y 
com plex  (MHC) molecules mediate 
interactions between leukocytes or  
other  body cel ls. 

Clonal  ex pansion is the process 
dur ing which a B cel l  w i th a speci f ic 
antigen replicates i tself . B cel ls are 
types of white blood cel ls that 
produce antibodies. 

Lym phocytes are white blood cel ls 
that are made in the bone mar row  
and function as defense against 
foreign substances.

Wester n Blot  Analaysi s is an 
analytical  technique used to detect 
speci f ic proteins in a sample of tissue 
homogenate (homogenized tissue) or  
extr act.

Sial i c acid r eceptor s are used by 
many vir uses for  cel l  entr y. 

The  germ?s antigenic proper ties are determined by the sur face 
glycoprotein hemagglutinin [1] which al lows the inf luenza vir us to 
bind to targeted cel ls that express a cor responding r eceptor. The 
changes in amino acid sequence at exposed epi tope si tes in 
hemagglutinin tr igger  a greater  diver si ty of antibodies [3].

Dur ing a typical  immune response, antigen-presenting l eukocytes 
f i r st ingest the r eference vir us in order  to prepare the  antigens. 
After  hydrolysis of  the antigens,  the r esulting pieces are 
tr anspor ted via m ajor  h i stocom pat ibi l i t y com plex  to the 
leukocytes' sur face. Final ly, clonal  ex pansion  is tr iggered as 
l ym phocytes interact w i th those antigenic pieces. B-cel ls? 
production of antibodies is the r esult of an immune response from 
the infection or  injection of a par ticular  r eference vir us. The 
purpose of antibodies is to bind w ith the antigens in order  to 
neutral ize them or  to signal other  leukocytes to ki l l  the germ i tself  
[2]. Memor y B-cells are long-l iving and make more antigens so that 
the body could make more antibodies to f ight future inf luenza 
infections. The aff ini ty of an antibody is measured using ti tr e values 
in the context of a Wester n Blot  Analysi s [3]. Hemagglutinin is an 
envelope protein found on an inf luenza vir us that binds to si al i c 
acid r eceptor s on targeted cel ls. The protein would also bind to r ed 
blood cel ls to form a lattice [1]. This proper ty is cal led 
hemagglutination and i t al lows researchers to determine levels of 
inf luenza vir us present in a sample. When inf luenza vir uses are 
mixed w ith a speci f ic amount of r ed blood cel ls, the r ed blood cel ls 
that are not bound by inf luenza vir us sink to the bottom of a well  
and form a button. 

Mater ial s And Methods
The HA-related antigens of several inf luenza reference vir us samples 
were injected into fer r ets (Mustela putor ius furo) in order  to tr igger  
the animals? immune system to produce antibodies. Fer rets were 
chosen because of their  high susceptibi l i ty to human inf luenza 
infections. Antisera, r ich in clonally select antibodies, were then 
extr acted from the animals? blood and mixed w ith var ious test vi r us 
samples to make HI  Assays. Those are made by adding a f ixed 
amount of vi r us to ever y well  of a plate. With prepared di lutions of 
each serum, the di lutions were added along a row  of wells. The 
success of the antisera inhibi ting each antigen was measured by 
using ti tr e values. The tr eedist, ?the r ef. year?, ?test. year?, seqdif f , 
and the agreements were also r ecorded. Software Anaconda and 
Python were instal led. Several Python Databases were then 
impor ted including pandas, numpy, matplotl ib.pyplot, scipy, 
statsmodel, and many others. The recorded data was read and 
dow nloaded as a Dataf r am e in Python. The data points were 
categor ized using l ists. Those data points were to be used in var ious 
statistical tests and models. for  loops were Python commands that 
were used to look through the data l ists that were created and to use 
only cer tain points in the models and tests. Many of the statistical 
tests were l inear  mixed models.
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In a HI  Assay, or  hemagglutination 
inhibi tion assay,  inf luenza vir us 
antibodies prevent hemagglutination 
(attachment of the vir us to the blood 
cel ls).

A Dataf r am e in Python is used to 
organize data in columns and rows.



Var ious statistical tests and models were created to consider  
var iables predictive of ant ibody avidi t y . One marks ?agreement? 
and ?disagreement? between reference vir uses and test vi r uses at 
amino acid posi tions on the HA protein (See Figures 1a and 1b). 
Agreement determines whether  a r eference vir us and test vi r us 
are identical at a given amino acid posi tion (0). Disagreement 
determines whether  a r eference vir us and test vi r us are not 
identical at the amino acid posi tion (1). T-tests r evealed that for  
80% of these posi tions the t i t r e values for  the set of r eference and 
test pair s agreeing at a posi tion is signi f icantly di f ferent from the 
ti tr e values for  the set of r eference vir us and test vi r us pair s 
disagreeing at a posi tion. Thus, the distr ibutions of ti tr e values for  
the pair s are dependent on attr ibutes of vi r uses at these posi tions. 
Figure 2 gives a visualization of the di f ferences in distr ibutions at 
amino acid posi tion 273 on the HA protein. In this case, the 
average ti tr e value is higher  for  pair s of r eference vir uses and test 
vi r uses in disagreement at the posi tion than the set in agreement. 
Given the median t r ee di stance as 0.04, we decided to investigate 
at what number  of posi tions where agreement signi f icantly affects 
ti tr e values given the tr ee distance (see Fig. 3).  

Resul t s

A T-Test , tel ls you how  signi f icant 
the di f ferences are to al low  you to 
determine i f  those di f ferences could 
have happened by chance.
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Ant ibody avidi t y descr ibes how  
tightly the antibody binds to the 
antigen. 

The  t r ee di stance is for  the 
distance between phylogenetic tr ees. 

The  t i t r e value  is the volume of 
ti tr ant r equir ed to get at an 
equivalence point w i th the unknow n 
reagent. Equivalence point is when 
the a mount of moles of the tr i tant 
equals moles of r eagent. 



Discussion

The next statistical test visualized the r elationship between the 
seqdiff  (the sequence di f ference) and ti tr e values w ith the r eference 
vir us str ain being the changing var iable (See Fig 4). In general, ti tr e 
values decreased w ith increasing seqdiff . For  var ious r eference 
vir uses, the r elationships between tr eedist and ti tr e values were 
graphed (see Fig 5). I  then created a model that predicted ti tr e 
values given tr eedist for  al l  the vir us pair s given the imaginar y l ine 
(See Fig 6). Agreement at an amino acid posi tion was not a var iable 
that was considered in this model. Most obser ved var iables do not 
meet the predictions. Though the test vi r uses di f fered from the 
r eference vir uses at amino acid posi tion 130, i t did not signi f icantly 
affect the antibody?s ti tr e value. In this case, ti tr e values are largest 
when tr eedists were the smallest. The ti tr e values cor respondingly 
decreased w ith tr eedist. Whi le per forming statistical tests, I  noticed 
a connection between amino acid posi tions, tr eedist, and ti tr e 
values in determining accuracy. I  also made a connection between 
reference vir us clades and ti tr e values. I  put this connection into the 
model by adding interaction terms of pos* tr eedist. This increased i ts 
accuracy and helped solve the problem because i f  a new  vir us 
evolved, then I would only need i ts distance from the r eference 
vir us and information about i ts agreements at cer tain posi tions to 
understand how  i t w i l l  r eact w ith antisera r elated to the r eferences. 
The results needed to be cr oss-val i dated.

The antibodies generated from the test vi r uses r eacted di f ferently to 
the same set of r eference vir us str ains. Due to the system at i c 
var iat i on between test and reference vir uses, there are var ious 
terms for  the test vi r uses in our  model. The effect of these terms for  
r eference vir uses and test vi r uses are not to be thought of as ?slope 
terms? in the l inear  model but r ather  they affect the inter cept of the 
model. A possible next step in the study is to use data in which 
r eference vir us types get pair ed w ith a larger  set of test vi r us str ains. 
The HA amino acid posi tions that give off  the highest ti tr e values 
need to be identi f ied. This data would be needed to provide an 
updated model. Along w ith using more accurate data to updated 
models, we should also consider ing the application of r andom effects 
models to predict ti tr e values. Neuraminidase amino acid posi tions 
can also have an application in future studies. When al l  of the 
fol low ing are considered, potential sample vaccines sti l l  need to be 
tested for  their  aff ini ty via enzyme-l inked assays against a cocktai l  of 
inf luenza str ains. Di f ferent var iations of the HA protein could be 
created through a si te-di r ected m utagenesis technique. These 
var iations should be injected into fer r ets. A month later , the fer r ets 
should be injected w ith at tenuated st r ains of inf luenza before the 
injections are tr ied out on humans. Western Blot Analysis is useful 
for  identi fying di f ferent species of antibodies. The Enzym e-Linked 
Im m unosor bent  Assay uses sensi tivi ty that could help f ind an 
antibody & #39's ti tr e value. 

Cr oss val i dat i on is when simi lar  
val idation techniques are used to test 
how  the r esults of a statistical 
analysis w i l l  general ize to an 
independent data set.

System at i c var iat i on r efer s to an 
inaccuracy in obser vations which 
are the r esult of factor s not under  
statistical control.

Si te-di r ected m utagenesis 
technique is used to make 
intentional changes to the genetic 
information of an organism.

At tenuated st r ains r educe the 
vir ulence of the vir us, but i t keeps 
the vir us viable ?  this vaccine does 
not completely ki l l  the vir us.

Enzym e-Linked 
Im m unosor bent  Assay is a 
process that uses antibodies dir ected 
to a l igand to detect the presence of 
that l igand in a l iquid sample.
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2010
March - NASA?s discovery of water on the Moon
On March 1, 2010, NASA announced i ts f indings of vast 
pockets of water  discovered on the nor thern pole of the 
Moon. I ts discover y was profound, opening up the 
possibi l i ty of fur ther  exploration on the Moon. With the 
understanding that ice could provide a natural r eser voir  
for  future human endeavors, eyes were set on new  
scienti f ic pur sui ts for  the future, w i th  the col lective hope 
that a possible moon base could be bui l t. Ice could yield 
potable water. By separating i ts oxygen-hydrogen 
consti tuent, i t could also yield possible rocket fuel and 
breathable air. The presence of water  was discovered by 
NASA?s Mini-SAR radar  instr ument on India's 
Chandrayaan-1 lunar  orbi ter. I t detected over  40 crater s 
w ith w idths between 1 to 9 mi les, containing an 
estimated total of 600 mi l l ion metr ic tons of water  ice. In 
a statement by Paul Spudis, the executive scientist of the 
Mini-SAR project, ?the new  discover ies show  the moon is 
interesting and attr active."

NASA?s radar detect over 40 deposits 
containing ice on Moon?s North Pole

Image:  Dunbar, B. (2010). NASA Radar 
Finds Ice Deposits at Moon's North 

Pole. 

July - Scientists Genetically Engineering A Malaria-Proof Mosquito 
Researchers from the Univer si ty of Ar izona tr ued to f ight 
f i r e w ith f i r e when they created a new ly designed 
malar ia-r esistant mosquito, that was released in the 
summer  of 2010. The scientists were able to introduce a 
gene that affected the mosquito?s gut, effectively 
blocking the development of the malar ia parasi te that 
harbored inside i ts stomach. I t involved genetical ly 
tweaking a gene that codes for  a ?signaling molecule.? In 
disrupting that gene, i t also disrupted the 
communication among the mosquito?s cel ls which in 
turn impair ed the malar ia parasi te?s abi l i ty to develop 
and reproduce. The researchers? ultimate goal was to 
control the outbreak of malar ia by sending off  these GM 
organisms to compete w ith the preexisting set of 
mosquitoes. The researchers needed not only to 
genetical ly modify the guts of the mosquitoes, but also to 
engineer  them in such a way that they had a selective 
advantage over  the many other  mosquitoes and 
succeeded in natural selection. That was the purpose of 
tacking on an extr a genetic boost: to develop an 
immunity towards a par ticular  toxin and to propagate 
their  sur vival. 

Scientists, at the University of Arizona, 
engineered a malaria- resistant 

mosquito, hoping to gain a competitive 
edge over disease-carrying insects

Image:  Gill, V. (2010, July 16). 
Malaria-proof mosquito engineered.
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October - Americans Doctors Conduct The First Trial of Embryonic Stem Cells 
Treatment 

In the charged debate of the testing of embr yonic 
stem cells r emains an ethical procedure, the year  
2010 gave way to the f i r st ever  off icial embr yonic 
stem cell  tr eatment on human tr ials. The l icense to 
do so was given by the Food and Drug 
Administr ation to Geron, a biotech company based 
in San Francisco, Cali fornia. The company?s mission 
was to use stem cells in tr eating spinal cord injur ies 
by turning them into effective ner ve cel ls. Previous 
exper iments were done on paralyzed rats, which 
had seen hopeful r esults as they r egained l imited 
mobi l i ty. In the human cl inical stage, the objective 
of the tr ials were to confi rm i f  any bodi ly harm was 
done to the patients. Doing so provided the next 
steps for  developing and assessing the tr eatments to 
provide the necessar y benefi ts to patients. But, i t is 
sti l l  years away from a ful ly-effective tr eatment. As 
the f i r st major  mi lestone in stem cell  r esearch, we 
can only anticipate what the future holds for  a new  
era in r egenerative medicine. 

November - Scientists Report a Gene That Can Supposedly Reverse Aging in 
Mice
The process of aging can be defined as the deter ioration of our  physical self , from the fai lure 
of our  physiological functions to the weakening of our  immunity. However , exper iments 
conducted by scientists at Har vard Medical School supposedly discovered a gene that could 
r everse the aging process and regenerate worn out organs. The results were f i r st seen in 
elder ly mice, and w ith i t, a thought that simi lar  effor ts could be r eproduced in humans. I t 
r aised hopes for  the possibi l i ty of improving the quali ty of l i fe for  those subjected to health 
issues and diseases such as dementia and cardiac disease, often associated w ith older  age. 
Even in modern day, the know ledge of the aging process is sti l l  r elatively foreign, but such 
exper iments have uncovered impor tant insights on what contr ibutes to aging. Although the 
comparative status between mice and humans is l imited, the substantial r estoration seen in 
mice is al l  the more promising that someday we might just l ive to be immor tal. 
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Geron hopes to use embryonic stem 
cells to treat spinal chord injuries.

Image: Gist Croft/Ali 
Brivanlou/Rockefeller University



2011
May - HIV Treatment for Prevention

On May 12 2011, a study know n as HPTN O52 was tested, confi rming that the HIV tr eatment 
prevents the tr ansmission of HIV.  This breakthrough changed al l  of medical science for  
decades to come, show ing that i f  an HIV posi tive person sticks w ith anti r etrovir al therapy, the 
r isk of tr ansmitting the vir us r educes by 96 percent. The cur rently estimated 33 mi l l ion people 
l iving w ith HIV could now  l ive w ith confidence, protecting their  loved ones from HIV. At the 
time, the companies that made the therapy accessible to al l  included UNAIDS and WHO.  I t?s 
been said that ?Treatment is Prevention? and in this case, i t seems to be that ?  of the people 
w ith the disease took this to avoid the compromise of the l ives of other s in society.

July - First Synthetic Transplant of a Fully Synthetic Organ

The f i r st tr ansplant that was car r ied out was on a 36 year  old cancer  patient admitted to the 
Univer si ty Hospital in Stockholm, Sweden. This new  technology did not need a donor , but in 
fact was created from scratch w ith the help of technology. After  a month of the operation, the 
cancer  patient was doing well  w i th his new  w indpipe r eplacement. To form this exact f igure, 
scientists took 3D scans of the patient?s w indpipe, and at the Univer si ty College of London, 
they were able to craft a per fect copy of Mr. Beyene?s tr achea. Placed in the bone mar row  after  
f low n in, Mr. Beyene cur rently l ives in Iceland where he studies for  a PHD. He also did not 
have to take any anti -r ejection drugs as other  tr ansplant patients do because the bone mar row  
cells and the l ining cel ls were taken from his nose dur ing the operation al low ing them to 
divide and grow  as a synthetic w indpipe.

This artificial trachea, made of the patient's own stem 
cells, is the first synthetic organ to be transplanted.

Image:  Roberts, M. (2011, July 7). Surgeons carry out 
first synthetic windpipe transplant.
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Removing cesium from soi l  was not developed 
ti l l  2011 when i t was used to clean up areas of 
the wor ld?s worst nuclear  disaster s. 
Sunflowers, in fact, was the way that the 
Japanese looked to soak up the r adioactive 
isotopes. These isotopes mimic the nutr ients 
that the plant cur rently takes up. Therefore the 
plant cannot distinguish between nutr ients l ike 
potassium and radioactive substances. The 
plant mater ial w i l l  then be disposed of because 
i t w i l l  absorb a lot of cesium in a small 
concentrated area, making i t easier  to r emove 
the contaminant than i f  i t were to be in soi l . In 
soi l , the concentration would not be as high so 
i t would be harder  to get r id of.

August  - Japanese Scientists Develop a Method to Remove Radiation from 
Water and Soil

Since the 1960?s, scientists have detected DNA 
bui lding blocks in space, however  on this date, 
r esearch indicated that the bui lding blocks of our  
genetic mater ial r eached greater  diver si ty than 
what was actually conceived. According to NASA, 
this showed that asteroids and comets were 
capable of making biological molecules and 
proteins. In fact, scientists also found from a 
comet w ith the name of Wild 2 that amino acids 
are also located on carbon r ich meteor i tes. 
Additionally, in two of the meteor i tes that were 
analyzed, there were 3 types of nucleotide bases  
that were almost never  used in biology. This 
decreased the l ikel ihood that the meteor i tes were 
contaminated from ear th l ike the mater ial that 
gives off  this phenomenon. Astrobiologist 
Micheal Callahan from NASA expressed, ? If  
asteroids are behaving l ike chemical factor ies 
cranking out prebiotic mater ial, you would 
expect them to produce many var iants of 
nucleobases, not just biological ones, because of 
the w ide var iety of  conditions in each asteroid?.

August - NASA Research Shows DNA Bases Can Be Made in Space

Sunflower fields were planted in Japan in order to 
soak up the radioactive isotopes from the nuclear 

disasters.

Image: Gellerman, B. (2011). Sunflowers used to 
clean up radiation. 

Meteorites, such as asteroids and comets, contain 
many nitrogenous bases, which are an essential 

part of DNA.

Image: Bowdler, N. (2011, March 1). Meteorites 
'could have carried nitrogen to Earth. 
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2012
April - Xeno Nucleic Acid

For  the past years, we learn that DNA and RNA are the di f ferent types of nucleic acids 
necessar y for  our  grow th and development. However , in Apr i l  of 2012, a polymer  cal led XNA, 
or  Xeno Nucleic Acid, was synthesized. Vi tor  Pinheiro and Phi l ipp Holl inger  of the Medical 
Research Counci l  in the UK, the creator s of this nucleic acid, made XNA capable of stor ing 
genetic information and then evolving through natural selection. Additionally, i t can be 
careful ly manipulated, unl ike DNA. Rather  than the pentose sugars that make up DNA and 
RNA, XNA doesn?t have carbon r ings that make up i ts sugars, such as threose or  arabinose, and 
instead l ines. Although this is interesting, this won?t be of use to biology unless there is a 
mechanism to r ead i t, so for  now , the genetic information is invisible. DNA or  RNA 
Polymerases do not bind successful ly to XNA, and thus, this discover y is sti l l  looking for  an 
application.

July - Discovery of Higgs Boson

Physicists that have been working at the Large Hadron Coll ider  ended a 50-year -long search 
when they discovered the Higgs boson. This par ticle was detected at 125.3±0.6 
gigaelectronvolts, and according to a scale determining i f  a f inding is a discover y, this f inding 
is in fact a new  par ticle. This is the par ticle that is r esponsible for  giving subatomic par ticles, 
such as protons or  neutrons, their  mass. I t was also the f inal piece in the Standard Model of 
par ticle physics, descr ibing the interactions and existence of al l  know n for ces and par ticles. 
Although scientists expected this discover y to help them recti fy the Standard Model to be more 
r ealistic, they found out that the behavior  of this par ticle  conformed greatly to the theor y. 
This would cause new  technology to be developed to probe the subatomic univer se in 2015 at 
higher  energy scales to f ind even more par ticles.
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The Higgs boson is responisble for giving 
subatomic particles thier mass.

Image: CMS/ATLAS/CERN



August - NASA's rover lands on Mars

At Kyoto Univer si ty, Mitinor i  Sai tou and his col leagues produced mature mouse eggs and 
sperm cells from stem cells, then used them to breed healthy mouse babies. The scientists used 
a well-established method to turn adult human blood cel ls into induced plur ipotent stem (iPS) 
cel ls, which have the abi l i ty to be genetical ly r eprogrammed to become any cel l  in the body. 
But the key, apparently, was putting the induced human plur ipotent stem cells into miniature 
ovar ies they created in the lab from mouse embr yonic stem (ES) cel ls. Fir st, they took ES and 
iPS cells and made immature egg precursor  cel ls. Then they inser ted those into cluster s of 
ovar y cel ls. Final ly, the eggs were fer ti l ized and implanted into rodent mothers. This 
procedure, however , has a success r ate of a l i ttle less than 1%, and mostly produces mouse 
babies w ith chromosomal abnormali ties. Only 75% of the offspr ing had the cor rect number  of 
chromosomes. Overal l , this procedure was ver y damaging but enl ightening. In the future, this 
team, based in Japan, plans to take this to the human level and use human stem cells to create 
offspr ing. As of now , this procedure is too r isky but as technology becomes more eff icient, this 
is cer tainly possible.
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October - Scientists Produce Mouse Babies From Stem Cells

One of NASA?s greatest Mars rovers, being one-ton, six-wheel-dr ive, and nuclear -powered, 
named Curiosity landed on Mars after  an 8-month voyage. Anxiety was coursing through the 
veins of the members of the mission control as the rover  went through ?seven minutes of 
ter ror?, where i t had to use a special ?sky crane? landing system to safely land on the soi l  from 
the atmosphere. The rover , after  successful ly landing, star ted to send pictures of valuable 
geographic data. I t scanned layers of sedimentar y rock to see i f  Mars could possibly suppor t 
l i fe in the future. 

The Curiosity rover landed on Mars and 
began to send pictures back to Earth.

Image: Taylor, A. (2012, January 31). 2,000 
Days on Mars With the Curiosity Rover. 



2013
January -  Genome Editing with CRISPR-Cas 9
Feng Zhang, from the McGovern Insti tute for  Brain Research at MIT, was able to upgrade the 
CRISPR-Cas9 to able to edi t genomes in eukar yotic cel ls. Zhang and his team were able to 
cleave genomes in mice and human cells in targeted places. They were even able to engineer  
two Cas-9 or thologs (genes from di f ferent species evolved from a common ancestral gene) 
from the organisms S. thermophi lus and S. pyogenes. This was ver y signi f icant as i t showed 
that the CRISPR technology could be programmed to target multiple genomics loci  and used 
for  homology-dir ected r epair  (a mechanism in cel ls to r epair  double-str anded DNA lesions).

March - Evidence That Mars Has Conditions Suitable for Life
The Mars Cur iosi ty rover  found evidence that Mars could have been home to microbes. 
Scientists analyzed a sedimentar y rock sample that the Cur iosi ty rover  had col lected from a 
steam bed in the Gale Crater. They identi f ied several chemical elements in the sample, the 
most impor tant of which were the essential elemental ingredients of l i fe - carbon, oxygen, 
phosphorous, ni trogen, hydrogen, and sulfur. This answer  gave scientists a long awaited 
answer : Mars CAN suppor t l i fe.

June - 3D Printing Microbatteries
Extremely tiny l i thium-ion microbatter ies were created 
by a team from Har vard Univer si ty and the Univer si ty 
of I l l inois using a 3D pr inter. Though scientists had 
previously created miniatur ized devices, none of them 
had been powered by tiny batter ies. The team from 
Har vard was able to pack a lot of energy into such a 
tight space by creating stacks of ultr athin electrodes 
that they inter laced tightly. The team turned to the 3D 
pr inter  to accomplish this, which they had to upgrade 
in many ways to accomplish this task. In doing so, not 
only did they create a r evolutionar y new  batter y, but  
also used 3D pr inting to create a batter y for  the f i r st 
time.

July -  Naked Mole Rats are Resistant to Cancer
The naked mole r at has an unusually long l i fespan of over  30 years. Not only this, but these 
rats are r esistant to cancer ! A team of r esearchers from the Univer si ty of Rochester  and the 
Univer si ty of Haifa were able to crack the myster y of why this is so. They found a sugar  
secreted by the cel ls of the naked mole r at cal led high-molecular -mass Hyaluronan (HMM-HA). 
When secreted, HMM-HA is able to prevent overcrowding of cel ls, and prevent the formation 
of tumors. When HMM-HA was removed from the naked mole r ats, their  contact inhibi tion 
(suppression of cel l  grow th by cel l  contact) mechanism no longer  worked. Hyaluronan (HA) is 
a long sugar  polymer  that is natural ly present in humans, and was used to tr eat ar thr i tis and 
was used in skin products.

                                                    39

One of the tiny lithium-ion 
microbatteries made by a 3D printer.

Image: Ferber, D. (2013, June 18). 
Printing tiny batteries. 



2014
August - Water from Earth Discovered to Not Be Originated From Comets
Arguably the greatest scienti f ic discover y of the year , i t was discovered that water  present 
on Ear th was not from comets. This information changed ever ything we thought we knew  
about the Ear th. This was only attainable due to the landing of the Phi lae probe on the 
comet 67P/Chur yumov-Gerasimenko. For  a few  months, i ts parent craft cal led Rosetta had 
been orbi ting comets whi le taking samples of the water  found. When researchers analyzed 
the water , they found how  the chemical makeup signi f icantly deviated from the water  
found on Ear th. Thus, scientists now  believe asteroids contr ibute immensely to the oceans 
on Ear th.

September - India sends a mission to Mars
On i ts f i r st attempt, India successful ly sent a mission to Mars, which took considerably 
advanced know ledge and multiple attempts for  the US, Russia, and Europe to achieve. Their  
$74 mi l l ion craft, Mangalyaan, was sent to orbi t Mars, a great feat for  any Asian countr y. Due 
to the tr emendous budget, the craft was attr ibuted w ith f ive instr uments which al lowed i t to 
measure levels of Mar tian methane and sur face composition. 

September - Chemists Produce Hydrogen Fuel From Water
September  was also the month when chemists at Glasgow  made a shocking breakthrough 
when they successful ly attempted to produce hydrogen fuel from water. The team stored that 
gas in a carbon-fr ee l iquid that acts as a sponge to preser ve i ts conditions. This would al low  
the gas to be produced cleanly, inexpensively, and at a r ate of 30 times faster  than any method 
cur rently in use. Since this gas could one day r eplace petroleum in the multi tude of vehicles in 
use, these scientists have created a possible future in r enewable energy that can sustain the 

earth. 
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India was able to launch a 
craft to measure Martian 
methane and surface 
composition.

Image: Mars Orbiter 
Mission. (2014, February 
19). 



October - Nuclear Fusion Advancements
Nuclear  fusion, a great source for  energy, is the production of energy when hydrogen nuclei  
col l ide, providing a clean and eff icient method of producing energy. In October , a notable 
scientist stated that there were advancements made to this method of gather ing energy where 
compact fusion r eactor s can be made to f i t in a tr uck. This compact fusion r eactor  used 
?magnetic mir ror  confinement,? which is an innovative way to control and manipulate the 
r eaction. This al lowed for  the beginning of an ambitious goal to provide more eff icient 
methods to power  our  l ives, which w i l l  cause our  per ception of energy to be changed. I t also 
sets up a future that is greener  and cleaner  and not dependent on nonrenewable energy.

December -  Earth is not the only planetary object in our solar system 
with Oceans
I t had been discovered that Ear th is not the only planetar y object in our  solar  system that has 
oceans. For  several years, i t was noted that Saturn?s moon Enceladus might have had a type of 
l iquid on i ts sur face. This year , precisely fol low ing the orbi t of NASA?s Cassini  probe, a group 
of astrophysicists f inal ly established how  instead of cover ing the whole moon, the ocean 
appeared to only cover  the Southern Hemisphere. This is incredible as another  planetar y 
object that can sustain l i fe in a manner  to Ear th exists al lows us to exper iment and creates a 
possibi l i ty of inhabiting i t in the future. 

                                                   41

A new compact fusion reactor provides hope for 
a future that is greener and cleaner.

Image: Hutt, R., & Breene, K. (2014). Scientists 
just got closer to making nuclear fusion work. 



2015
January - Semi-Finalists in the Intel Science Talent Search
Two Stuyvesant students, Daniel Charnis and Kai Pacheco, advanced to become semi-f inal ists 
in the Intel Science Talent Search (STS) on Januar y 7, 2015. Daniel Charnis?s project was ti tled 
?A Novel Methodology based on Hydrodynamic and Molecular  Sur face Dynamics for  
Predicting the Quaternar y Structure of alpha-kinases: eEF2K Structure Prediction.? In his 
project, he examines the str ucture of a protein overexpressed in cancer  cel ls. Kai  Pacheco?s 
project was ?The Automatic Detection and Therapy of Cardiac Ar rhythmias Using a Simulated 
Cellular  Automaton,? which he created a simulation of Ar rhythmias.

March - Turning Leukemia Cells into Macrophages

Scientists learned to turn leukemia cel ls into macrophages. By exposing B-cell  acute 
lymphoblastic leukemia cel ls to proteins that bind to cer tain DNA sequences, the cel ls could 
tr ansform into macrophages, immune cells that could help to fur ther  f ight the cancer  cel ls. 
This discover y was made when researchers were tr ying to keep leukemia cel ls they had 
col lected al ive in a culture dish by adding di f ferent substances. After  adding several di f ferent 
i tems, the B-cell  seemed to have turned into a macrophage. 

June - Competitors of the International Science and Engineering Fair
Stuyvesant senior s, Anmolpreet Kandola and George Dr imba competed at the International 
Science and Engineer ing Fair  (ISEF). Anmolpreet Kandola won second place for  the Grand 
Pr ize Award in Animal Sciences. His project was cal led ?Computational Analysis of Neuronal 
Chromatin Str ucture and Nuclear  PARP-1 and PAR Expression Provides Novel Marker  for  
Detecting Learning Associated Changes in Mice.? 

September - Discovery of Water on Mars 

Free-f low ing water  was discovered on Mars on September  28, 2015. Flow ing salty str eaks of 
water  were found on the planet. There was a presence of hydrated salts (per chlorates), which 
are water logged molecules. The discover y of water  was a breakthrough because i t suggests 
that Mars may be able to suppor t l iving organisms since water  is essential to l i fe. This could 
also lead the beginning of work to create l i fe on the planet our selves by establishing a human 
colony or  other  l iving things on Mars. 

Sweden had developed a blood test for  ear ly pancreatic cancer  patients that can detect 
melanoma, lung cancer , and colon cancer  and even identi fy what type of cancer  is present. 
The test detected cancer  accurately 96% of the time and identi f ied i t 71% of the time. The 
blood tests analyze the RNA in the blood platelets and obser ve i f  any abnormal changes could 
come from cancer  tumors. 

November - Detecting Cancer with a New Blood Test
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2016
February -  Detection of Gravitational Waves
2016 star ted w ith a grand breakthrough. On Februar y 
11, scientists working at the Laser  
Inter ferometer ­Gravi tational-Wave Obser vator y 
(LIGO) at Louisiana announced the f i r st-ever  
detection of gravi tational waves. Gravi tational waves, 
conceptualized by Alber t Einstein in 1916, are r ipples 
in spacetime, where ever ything in our  univer se takes 
place in. I t?s a combination of the three spatial 
dimensions and the dimension of time and can be 
thought of as l ike a suspended fabr ic: objects w ith 
mass, even small things l ike tennis bal ls, cur ve 
spacetime, simi lar  to how  balls placed on a suspended 
fabr ic create depressions in i t. 

March - AlphaGo programs defeats second best Go player in the world

On March 19, an AI (ar ti f icial intel l igence) program, AlphaGo, defeated the second best Go 
player  in the wor ld. Go, a simple board game w ith or igins in China more than 2,500 years ago, 
is extr emely hard to master. Two players place their  pieces (one w ith black stones, the other  
w ith white stones) on inter sections of aboard. Essential ly, the goal is to capture the other  
player?s pieces by sur rounding rows or  columns of the other  player?s pieces on each of i ts two 
ends w ith their  pieces. I t sounds complicated on paper , but the game has a beauti ful simplici ty 
that br ings w ith i t cr azy amounts of possibi l i t ies that even games l ike chess, w ith many more 
r ules, don?t have. This makes Go such a di f f icult game for  AI programs to master. Using a 
learning algor i thm that improves i ts ski l ls over  time, AlphaGo was able to defeat a master  at 
the ver y game that had been regarded as the ?Holy Grai l? of AI. The victor y showed the 
potential AI has, paving the way for  even more complex tasks. 
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These cur ves are essential ly what gravi ty is. Gravi tational waves are r ipples in the fabr ic 
tr aveling at the speed of l ight caused by the acceleration of masses. They?re extr emely weak, 
but this f i r st detection was from the col l ision of black holes 1.3 bi l l ion l ight-years away. This 
had big implications: we?re able to detect masses in the univer se in a new  way, which is 
extr emely helpful, especial ly w ith black holes, which often don?t have matter  sur rounding i t 
as did the famous one in 2019.

Gravitational waves were detected by

scientists in Louisiana.

Image: Louisiana State University, & 
Lsu. (2016). Louisiana State University. 



August - Discovery of planet orbiting the solar system's closest star

On 24 August, astronomers announced the discover y of a planet orbi ting Proxima Centaur i , 
the solar  system?s closest star. Astronomers found this planet using the r adial-veloci ty method, 
where they look for  sl ight movements planets induce on their  star s. Proxima Centaur i  b is 
about the size of at least 1.3 Ear ths, and orbi ts w ithin the Goldi locks zone of i ts star , meaning 
that l iquid water  can exist on i ts sur face. However , i t?s victim to the violent bur sts of energy 
from i ts star , so l i fe on i ts sur face is highly unl ikely, although l i fe may ver y well  exist 
underground. Much more has to be learned about Proxima Centaur i  b, and w ith better  
technology, we may be able to get a look at a potential ly habitable planet.

October - CRISPR-Cas9 used to treat patients

On October  28, CRISPR-Cas9 was used to tr eat a patient, who had lung cancer , for  the f i r st time 
as par t of a cl inical tr ial in West China Hospital. CRISPR-Cas9 is a gene-editing tool that?s based 
on a process that bacter ia use to f ight against vi r uses. With the Cas9 enzyme, which helps 
make precise cuts in DNA, we?re able to modify people?s genetic code, opening a whole new  
wor ld of possibi l i t ies. Of course, this great power  cal ls into question the ethics behind i t, but 
the medical tr ial was ethical ly approved. A team of scientists, led by oncologist Lu You, took 
some of the patient?s immune cells and deactivated a gene that produces proteins inhibi ting 
immune response. Since i ts f i r st use in China, CRISPR-Cas9 has gone through many more 
developments and challenges. 
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Proxima Centaur i  b was discovered and 
could potential ly be a habitable planet.

Image:  ESO, P. by. (2016, August 24). 

Potentially Habitable Planet Found Orbiting 
Star Closest to Sun.



2017
March - Reusable Rockets- Rocketry's Future
SpaceX's Falcon 9 was successful ly launched and 
landed through booster  rocket descent. This is huge 
news, consider ing how  much these rockets cost: 
Orbi tal class rockets (l ike Falcon 9) cost $60 mi l l ion, 
but being able to r euse orbi tal class booster s (the most 
expensive par t of a rocket), costs can be cut by up to 30 
percent, or  by $18 mi l l ion in this case. As John 
Logsdon, a space policy exper t at George Washington 
Univer si ty, said, "Reusabi l i ty has been the holy grai l  in 
access to space for  a long, long time."

 

April - LHS 1140b - Another Earth Candidate
LHS 1140b, a r ed planet classi f ied as a "Super -Ear th" rotating dwar f star  LHS 1140 in the 
"Trappist-1 System" of the Goldi locks Region just 40 l ight-years away, is one of the most 
promising candidates for  humanity's next home. It is speculated to have an atmosphere 
sui table for  humans along w ith sur face water.

April - External Wombs - A Potential Solution to Premature Birth
Inside what looks l ike a large Ziploc bag f i l led w ith f luid grows a baby lamb? but one that has 
not been born yet. Alan Flake, a surgeon at Chi ldren's Hospital of Phi ladelphia, and his team 
were at the head of this project, producing the f i r st, uterus-l ike external womb. The goal is to 
provide babies that are born ver y prematurely in a fami l iar  environment to develop in.

August - CRISPR in Human Embryos ; A Step Closer to Designer Babies
For  the f i r st time, several scientists across the globe in 2017 were able to effectively edi t genes 
in human embr yos through CRISPR-Cas 9. Ever yone has heard of CRISPR, but for  those that  
are not too famil iar , i t stands for  clustered regular ly inter spaced shor t pal indromic r epeats 
and is a technique to edi t genomic DNA, whether  i t be human or  bacter ial. Edi ting human 
embr yos is another  step in the continuing goal of scientists to be able to edi t genes of humans 
before they are born to have desir able tr ai ts or  to lack undesir able ones.
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SpaceX 's Falcon 9  is a r eusable rocket, 
which can save space companies 

mi l l ions of dol lar s per  f l ight.

Image: Selding, P. B. de, & Selding, P. B. de. 

(2017, April 25). SpaceX's reusable Falcon 9: 

What are the real cost savings for 

customers? 



2018
February- SpaceX Launched A Falcon Heavy Test 
Flight

SpaceX attempted to launch a Falcon Heavy test f l ight, which 
was highly anticipated by people al l  across the wor ld. The 
launch was successful, making the Falcon Heavy the most 
power ful rocket in operation. I t can produce 5 mi l l ion 
pounds-for ce (22MN) of thrust and is r eusable. The rocket 
was able to r each suff icient veloci ty to escape Ear th and 
enter  an el l iptical orbi t around the sun, which passes the 
orbi t of Mars. The objective of this f l ight was to accomplish 
these objectives: launch Falcon Heavy into the atmosphere 
and broadcast i t to the r est of the wor ld. I t was the second 
most-watched l ive str eam ever  on YouTube w ith more than 
2.3 mi l l ion views. 

March - Scientists Discover Key To Vascular Aging

In March, scientists at Har vard Medical School discovered a key mechanism behind vascular  
aging and muscle decl ine in mice. Their  study showed that tr eating the animals w ith a 
chemical compound called NMN (Nicotinamide mononucleotide) enhances blood vessel 
grow th and reduces cel l  death. This boosts the mice?s stamina and endurance. This is ver y 
impor tant, as the protein-coding r egions between mice and humans are 85% identical, 
meaning the same compound could prolong human l i fe. Fur ther  r esearch is being conducted. 

October - Astronomers Find Prove The Merging Of Stars

Astronomers r epor ted that GRB 150101B, a gamma-ray burst event detected in 2015, might be 
dir ectly r elated to the histor ic GW170817, a gravi tational wave event detected in 2017 and 
associated w ith the merger  of two neutron star s. The simi lar i ties between the two events, in 
terms of gamma-ray, optical, and x-r ay emissions, as well  as to the nature of the associated 
host galaxies, are "str iking," suggesting the two separate events may both be the r esult of the 
merger  of neutron star s, and both may be a ki lonova. For  example, a luminous f lash of 
r adioactive l ight produces elements l ike si lver , gold, platinum, and uranium, which may be 
more common in the univer se than previously understood, according to the r esearchers.

November - Scientists Discover Residual Cap On Mars 

Scientists can f ind out more about the changes occur r ing at the South Pole of Mars. Remnants 
of a former ly more extensive deposi t composed of a dr y ice form know n as the South Pole 
r esidual cap. I t is know n as r esidual because i t is what is leftover  from the much larger  cap, 
which disappears each summer. As the frozen carbon dioxide turns into water , the pi ts of dr y 
ice enlarge over  time. This leads to the exposure of an underground sur face below  made out of 
water  ice.  

Photo taken during the live broadcast of 
the SpaceX launch

Image:  O'Kane, S. (2018, December 22). 

SpaceX captured the Falcon 9 rocket 's 

launch and landing in one photo. 
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2019
April - Scientists Capture The Black Hole

Scientists were able to take an image of a black hole for  the 
f i r st time. Black holes devour  l ight, so getting a picture is 
ver y impressive. Several obser vator ies around the wor ld 
col lectively cal led the Event Hor izon Telescope, zoomed in on 
a galaxy cal led M87 to get the picture. 

August - Therapies For Ebola Are Developed

Two new  therapies for  Ebola were developed and found to have saved about 90% of the 
patients who were new ly infected. The tr eatments are now  offered to al l  patients in the 
Democratic Republic of Congo. Previously, Ebola, a hemor rhagic fever  vir us, had an aura of 
ter ror  attached to i t, as i t was seen as incurable and ver y deadly. In July, the Wor ld Health 
Organization had declared a public health emergency, as i t had infected about 2,800 know n 
patients, ki l l ing more than 1,800 of them. The New  York Times in an ar ticle enti tled, ?A Cure 
for  Ebola? Two New  Treatments Prove Highly Effective in Congo? w rote that ?The new  
exper imental tr eatments, know n as REGN-EB3 and mAb-114, are both cocktai ls of monoclonal 
antibodies that are infused intr avenously into the blood.? This was a ver y promising 
development to a ver y dangerous and fr ightening malady. 

September - Climate Change Affecting Coral Reefs

A repor t from the United Nations' Intergovernmental Panel on Climate Change (IPCC) was 
released and found that sea levels were projected to r ise by three feet in the next eighty years. 
Warm-water  coral r eefs were expected to die out as a r esult of cl imate change and global 
warming. The authors of the r epor t project that the higher  sea levels would affect 680 mi l l ion 
people who l ive in low -lying coastal zones, along w ith 65 mi l l ion ci tizens of small island states. 
The loss of ocean l i fe from high water  levels w i l l  also lead to food secur i ty r isks. In al l , the 
r epor t painted a wor r isome picture of the future of Ear th i f  cl imate change and global 
warming are not addressed. 

Photo of the Black Hole Taken 
from the Event Horizon 
Telescope

Image: How Scientists 
Captured the First Image of a 
Black Hole - Teachable 

Moments. (2019, April 19). 

47

June - Genes In Space Competition
At Stuyvesant, we had two honorable mentions in the Genes in 
Space competi tion. Ar yan Ruparel, Aaron Contreras, Ar yan 
Patel, and Lauren Mei worked as a group and proposed sending 
organoid cel l  cultures to space to test the effect of microgravi ty 
on Human Grow th Hormone and the development of di f ferent 
organoids. Meanwhi le, another  honorable mention was won by 
Michael Chan, who proposed testing whether  
microgravi ty-induced muscular  atrophy in astronauts is caused 
by the disruption of the function of a calcium channel on the 
sar coplasmic r eticulum, causing leakage of calcium from this 
major  source of calcium in skeletal muscles.
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